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Abstract The genus Cochliobolus (anamorphs Bipolaris,
Curvularia) comprises many destructive plant pathogens that
cause severe crop losses worldwide. The taxonomy of
Cochliobolus is confused as frequent nomenclatural changes
have occurred in the sexual and asexual states of species
over the past 50 years. We provide an overview of these
nomenclatural changes together with a morphological cir-
cumscription of the genus. Taxonomic notes and information
about the life history of 55 species epithets of Cochliobolus
listed in Index Fungorum are also given. Further information
is given concerning the location of type cultures; availability
of DNA sequence data derived from type cultures; mode of
life; novel metabolite production; and use of Cochliobolus
species in biocontrol. We provide a multilocus phylogenetic
tree based on DNA sequence data derived from 25 ex-type
and authentic cultures that shows the group as monophyletic.
This paper represents the first comprehensive overview of
Cochliobolus since 1987, including a summary of applica-

tions of species and molecular phylogenetic research. The 55
species of Cochliobolus are listed alphabetically, with
synonyms, hosts and diseases, brief notes concerning
taxonomic and phylogenetic research.

Keywords Bipolaris . Biocontrol .Curvularia . Disease .
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Introduction

Species of Cochliobolus Drechsler (1934) and its anamorphs
Bipolaris Shoemaker (1959) and Curvularia Boedijn (1933)
are worldwide pathogens of mostly grasses (Poaceae). Some
species have caused devastating disease epidemics of
important food crops such as rice, wheat and maize
(Sivanesan 1987; Scheffer 1997; Berbee et al. 1999). In
1943, Cochliobolus miyabeanus (S. Ito & Kurib.) Drechsler
ex Dastur caused famine in Bengal by reducing rice yields by
40–90% and as a result two million people died of starvation
(Scheffer 1997). In 1970 in the USA, about 19 million metric
tons of Zea mays were devastated by Southern corn leaf
blight caused by a specific race of Cochliobolus hetero-
strophus (Drechsler) Drechsler (Tatum 1971). Cochliobolus
species are also reported as plant pathogens on hosts in
several other plant families including Alliaceae, Anacardia-
ceae, Araceae, Euphorbiaceae, Fabaceae, Malvaceae, Ruta-
ceae and Zingiberaceae.

The estimated number of species of Cochliobolus ranges
from 22 in The Dictionary of the Fungi (Kirk et al. 2008) to
35 species associated with grasses (Sivanesan 1987). There
are 26 species listed in the USDA database (http://nt.ars-grin.
gov/fungaldatabases accessed on 31 Aug. 2011), and 55
species epithets listed in Index Fungorum (www.
indexfungorum.org; accessed 31 Aug. 2011). Frequent name
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changes, together with refinements in taxonomy, have caused
some confusion for mycologists and plant pathologists
(Sivanesan 1987). A natural classification of this pathogenic
system and correct identification of species are important for
disease control, plant breeding and establishment of phytosa-
nitary measures (Cai et al. 2009; Hyde et al. 2010). This
paper provides a comprehensive account of the genus
Cochliobolus. We have used Sivanesan (1987) as the starting
point and include additional reports of Cochliobolus avail-
able. Host location and additional notes are given for each
accepted species. Taxa needing further research are discussed.
As name changes have been frequent all synonyms are listed.
Available ex-type cultures and derived sequences are also
listed. The objectives of this paper are to (i) review the
taxonomic history and nomenclature of the group, (ii) review
the knowledge on life cycles, metabolite production, and
biocontrol (iii) provide a multilocus phylogeny based on type
derived sequences (ITS, GPDH, LSU, EF), and (iv) list the
teleomorphs annotated with synonyms, hosts and diseases,
notes on each taxa considered.

Taxonomic review

Graminicolous Helminthosporium

The graminicolous Helminthosporium species can be segre-
gated into Bipolaris, Curvularia, Drechslera and Exserohi-
lum. Cochliobolus sexual states are only found associated
with Bipolaris and Curvularia anamorphs (Sivanesan 1987).
The basic morphology of Helminthosporium sensu stricto is
based on the type species H. velutinum Link. (1809). this
includes solitary, cylindrical, unbranched, brown conidio-
phores that produce obclavate, distoseptate conidia through
small pores in walls of apical and intercalary cells of the
conidiophores (Goh et al. 1998). The graminicolous Helmin-
thosporium species (Drechsler 1923; Misra 1973) are,
however, fundamentally different from Helminthosporium
sensu stricto in producing solitary conidia at the apex of
brown geniculate conidiophores, and resumption of growth
by sympodial extension from the subepidermal region of the
conidiophores with distinct conidial scars (Goh et al. 1998).
Graminicolous Helminthosporium was, therefore, divided
into two groups by Nisikado (1928), who introduced the
subgenera Cylindro-Helminthosporium and Eu-Helmintho-
sporium. The subgenus Cylindro-Helminthosporium was
raised to generic rank as Drechslera by Ito (1930), who
characterized the members of the new genus as having
cylindrical, not curved conidia and the sexual states often
associated with Pyrenophora.

The genus Bipolaris with the type species Bipolaris
maydis (Y. Nisik. & C. Miyake) Shoem. was introduced by
Shoemaker (1959) to accommodate members of the

subgenus Eu-Helminthosporium. Subramanian and Jain
(1966), however, amended the description of Drechslera
to include all Helminthosporium species from grasses
including all species disposed as Bipolaris (Alcorn 1983b).

Bipolaris as circumscribed by Shoemaker (1959) was
heterogeneous (Alcorn 1983b). In contrast to other Bipo-
laris species, which have Cochliobolus sexual states,
Bipolaris turcium (Pass.) Shoem. and B. rostrata (Drechs-
ler.) Shoem. have Trichometasphaeria sexual states. These
species also have conidia with a protuberant hilum in
contrast to other species. Leonard and Suggs (1974)
removed this heterogeneity by introducing a new genus
Exserohilum, typified by Exserohilum turcicum (Pass.) K.J.
Leonard & Suggs, to accommodate these Bipolaris species.
They also introduced a new genus Setosphaeria K.J.
Leonard and Suggs (1974) to accommodate the sexual
states of Exserohilum (Sivanesan 1987). The anamorphic
genera Bipolaris, Drechslera and Exserohilum have dis-
tinctly different sexual states, respectively in Cochliobolus,
Pyrenophora and Setosphaeria (Sivanesan 1987). Some
species such as Helminthosporium geniculatum Tracy &
Earle of Helminthosporium sensu stricto were segregated
into the genus Curvularia (Boedijn 1933), typified by
Curvularia lunata (Wakker) Boedijn.

Thus, the graminicolous Helminthosporium species can
be segregated into four genera, Bipolaris, Curvularia,
Drechslera and Exserohilum (Shoemaker 1959; Luttrell
1963, 1964; Ellis 1971; Alcorn 1983b, 1988; Sivanesan
1987; Goh et al. 1998). Cochliobolus sexual states are
found with Bipolaris and Curvularia anamorphs (Sivanesan
1987).

Cochliobolus: sexual state

Cochliobolus was introduced and typified by C. hetero-
strophus Drechsler (1934). Previous to this many species
of Cochliobolus were placed in Ophiobolus (Riess 1854),
a genus with bitunicate asci and scolecospores (Von Arx
and Oliviera 1952; Drechsler 1934). Drechsler (1934)
found that graminicolous forms of Helminthosporium
produced teleomorphs with greater ascus and ascospore
width and strongly helicoid ascospores with bipolar
germination which deviated from typical Ophiobolus
species. Drechsler (1934) introduced Cochliobolus to
accommodate these species. Ophiobolus kusanoi Y.
Nisik., O. miyabeanus S. Ito & Kurib., O. sativus Ito &
Kurib. and O. setariae S. Ito & Kurib were subsequently
transferred to Cochliobolus by Dastur (1942), who also
added a novel species C. tritici Daustar (Alcorn 1983a).
Cochliobolus is placed in the family Pleosporaceae, in the
order Pleosporales, and bears a unilocular ascostromata,
also known as a pseudothecium (Alexopoulos et al. 1996;
Zhang et al. 2012).
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Tsuda and Uyama (1977) distinguished the genus
Pseudocochliobolus from Cochliobolus by two main
characters. One was the presence of stromatic tissue below
the ascomata body in Pseudocochliobolus and the other
was the degree of ascospore coiling, which is slight or
absent in Pseudocochliobolus (Alcorn 1983a). Alcorn
(1983a) doubted the value of these characters and consid-
ered Pseudocochliobolus a synonym of Cochliobolus.

Berbee et al. (1999) used a molecular phylogenetic
approach based on analysis of ITS and GPDH regions to
examine the phylogenetic distribution of 32 Cochliobolus
species (including asexual species). Their analysis recog-
nized two distinct groups of Cochliobolus. Group 1
comprised highly virulent pathogens with Bipolaris asexual
states. Group 2 comprised mild pathogens with both
Bipolaris and Curvularia asexual states. The host ranges
of Cochliobolus overlapped in Group 1 and 2. The
Pseudocochliobolus species clustered in Group 2, which
was shown to be monophyletic. Phylogenetic analysis of
Bipolaris species based on the Brn1 sequence region
support the division of Bipolaris into two clusters
corresponding to Cochliobolus and Pseudocochliobolus
(Shimizu et al. 1998). By introducing Pseudocochliobolus
as a separate genus, Tsuda et al. (1977) had diagnosed a
deep divergence in Cochliobolus (Berbee et al. 1999).
Berbee et al. (1999), however, recommended further
phylogenetic analysis as the results based on phylogeny
needed to be clarified for C. homomorphus Luttr. &
Rogerson, which did not cluster in either Group 1 or 2.

Bipolaris and Curvularia: asexual states

Because of their economic impact, Cochliobolus species
and their asexual states have been the focus of careful
taxonomical attention (Berbee et al. 1999). Shoemaker
(1959) raised Eu-Helminthosporium to the generic rank of
Bipolaris and connected it with the Cochliobolus tele-
omorph. Since then further Cochliobolus teleomorphs have
been described in association with Bipolaris anamorphs
(Alcorn 1983a: Sivanesan 1987). Curvularia was first
connected to Cochliobolus by Nelson (1960a) who linked
Curvularia intermedia with Cochliobolus intermedius.
There have since been many associations between Cochlio-
bolus and Curvularia (Nelson 1964b; Sivanesan 1987).

Bipolaris and Curvularia share some morphological
similarities. For example, they may or may not form
stromata, conidia in both genera germinate from one or both
polar cells and form a basal germ tube originating close to
the hilum or apex that grows semi-axially with a conidial
hilum that is distinctly protuberant, conidiogenous cells are
either smooth or verrucose on both genera (Sivanesan 1987).
These morphological similarities prompted von Arx and
Luttrell (1979) to suggest that Bipolaris and Curvularia were

synonymous. The two genera are differentiated only by
conidial morphology and such a division could be artificial
as many species in Bipolaris and Curvularia have conidia
that are intermediate between the two genera (Goh et al.
1998). Goh et al. (1998) demonstrated that species in
Bipolaris and Curvularia were heterogeneous when consid-
ering restriction phenotypes, providing further evidence for
the synonymy of Bipolaris and Curvularia. The phylogenet-
ic analysis of Berbee et al. (1999) also showed neither
Curvularia nor Bipolaris is monophyletic. The separation of
Bipolaris and Curvularia is controversial (Sivanesan 1987;
Alcorn 1988). Clearly new approaches are needed to resolve
the taxonomy of Bipolaris and Curvularia (Nakada et al.
1994). DNA fingerprinting with intrageneric probes is a
potentially useful tool for species separation and identifica-
tion in Bipolaris and Curvularia when coupled with another
characteristic such as conidial morphology (Nakada et al.
1994). A molecular phylogenetic approach is needed to
establish a robust taxonomic frame of Cochliobolus and its
anamorphs.

Morphological identification of Cochliobolus
and its anamorphs

Cochliobolus ascomata (Figs. 1c and 2a) are dark brown to
black, unilocular with a globose body and a long or short
cylindrical ostiolate neck. Hyaline to brown sterile hyphae
and conidiophores (Figs. 1d, e, f and 2b) often occur on the
ascomata and less so on the neck (Sivanesan 1987). The
wall comprises cells which are more or less equal in
thickness. Asci are bitunicate, 2-8-spored, cylindrical to
obclavate or obclavate cylindrical (Sivanesan 1987)
(Figs. 1a and 2c). Ascospores are filiform and more or
less coiled in a helix in the ascus (Sivanesan 1987)
(Fig. 1b). Most species of Cochliobolus form protothecia
(sclerotia) which are sterile without any ascogenous
hyphae (Shoemaker 1955).

When the generic descriptions of Bipolaris and Curvu-
laria are compared, the two genera are morphologically
very similar and cannot easily be distinguished by any
distinct taxonomic criteria (Sivanesan 1987). However,
these two genera have a few morphological differences,
such as septal structure; conidia of Curvularia species are
euseptate (Figs. 1h and 2e, f) (Ellis 1971) and those of
Bipolaris are distoseptate (Figs. 1g and 2d, g) (Luttrell
1963).

Application of names: anamorph vs. teleomorph

The International Code of Botanical Nomenclature permits
pleomorphic fungi to be given two names; however, there
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has been a worldwide intention to provide all fungi with a
single name (Hawksworth et al. 2011). Many Cochliobolus
species have their asexual states, and consequently syno-
nyms, in either Bipolaris or Curvularia. For example,
Cochliobolus heterostrophus is the same biological species
as Bipolaris maydis (Y. Nisik. & C. Miyake) Shoemaker,
and Cochliobolus geniculatus R.R. Nelson is the same

biological species as Curvularia geniculata (Tracy & Earle)
Boedijn. There are, however, a few exceptions; Cochliobo-
lus boutelouae R. Sprague, C. miakei I. Hino & Katum., C.
palmivora P.N. Rao & Chaudhury, C. sasae I. Hino &
Katum., and C. sitharamii S.M. Reddy are not linked to any
asexual state (Alcorn 1983a). Further, we could not find
any references for the asexual state of C. buteae S.D. Patil

Fig. 1 a Ascus, b filiform
ascospore c ascoma of
Cochliobolus nodulosus (×250)
d, e, f Conidiophores g Conidia
of Bipolaris anamorph of C.
nodulosus, h Conidia of
Curvularia anamorph of
Cochliobolus cymbopogonis
(×650) (Redrawn from Luttrell
1957 and Sivanesan 1987)
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& C. Ramesh. The asexual states of C. tritici Dastur and C.
sporoboli E. Castell. were recorded in Helminthosporium
sensu stricto (Alcorn 1983a) but further details could not be
found in the available literature.

Numerous fungi have lost their capacity to form a
teleomorph (Gehlot et al. 2010). Thus, many Bipolaris and
Curvularia species are not linked to a Cochliobolus name
because of their inability to produce the sexual state.
Sivanesan (1987) listed 35 names in Cochliobolus, 33 in
Curvularia and 46 in Bipolaris. Of the 35 Cochliobolus
spp., 33 were linked to asexual states in Bipolaris (23
names) and to Curvularia (10 names). There were 22
Curvularia names and 26 Bipolaris names that were not
linked to Cochliobolus. Bipolaris micropus (Drechsler)
Shoemaker was recorded as having a Cochliobolus tele-
omorph but it was not named and described. In Index
Fungorum, 56 Cochliobolus names, 116 Bipolaris names
and 113 Curvularia names are listed. Of these only 43
Cochliobolus teleomorphs are linked to Bipolaris (31
names) and Curvularia (12 names) asexual states.

Berbee et al. (1999) studied nine Curvularia and
Bipolaris species that did not have known sexual states
and found that all to have a similar ancestor as sexual
species of Cochliobolus. Molecular work carried out on
species of Bipolaris and Curvularia showed that none was
monophyletic (Berbee et al. 1999). There are various views
as to which name should be adopted when choosing a
unique name for a fungal species, i.e., the oldest name, the

teleomorphic name, or the most important name (Hyde et
al. 2011). To avoid confusion, we use the name of the
sexual state Cochliobolus in this review. The name
Curvularia (Boedijn 1933) is older than Cochliobolus
(Drechsler 1934) and Bipolaris (Shoemaker 1959) and
once changes are made to the Botanical Code in 2013
where Article 59 is no longer applicable it may be
necessary to use Curvularia for all species of these genera.

As a starting point for the study of Cochliobolus and its
anamorphs we have chosen to give a taxonomic review for
all 55 Cochliobolus names listed in Index Fungorum, which
also includes all Cochliobolus names listed by Sivanesan
(1987). Bipolaris and Curvularia spp. which are not linked
to a Cochliobolus name will be discussed in future studies.

Importance of Cochliobolus and its anamorphs

Some species of Cochliobolus are economically important
pathogens worldwide and some examples of diseases they
cause are given in this section. In the conference on ‘Wheat
for the National Warm Areas’ held in Brazil in 1990,
Cochliobolus sativus (Ito & Kurib.) Drechsler ex Dastur
(asexual state: Bipolaris sorokiana) was confirmed to be the
most economically important wheat foliar pathogen in all
warm regions (Duveiller and Gilchrist 1994). C. sativus is
the causal agent of southern leaf botch, seedling blights,
crown rot, node infections, head blights and black point on

Fig. 2 a Ascoma of Cochliobolus hawaiiensis b A Conidiophore of Curvularia sp. c Ascus of Cochliobolus lutreii d, g Conidia of Bipolaris sp.
e, f Conidia of Curvularia sp. (Scale bars a=215 μm b=20 μm c=60 μm d=40 μm e,f=20 μm g: 54 μm)
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kernels of wheat (Duveiller and Gilchrist 1994). As wheat
is newly grown in warm areas it has become a serious
pathogen in various parts of the world including eastern
Bangladesh, Brazil, India and Nepal (van Ginkel and
Rajaram 1998). According to Joshi et al. (2004), total yield
loss due to C. sativus could be between 20% and 80% and
losses of up to 100% can occur under severe conditions.

Southern leaf blight of maize (Zea mays) caused by
Cochliobolus heterostrophus (Drechsler) Drechsler (asexual
state: Bipolaris maydis) is a serious disease worldwide in
warm humid conditions (Carson 1998). Typical symptoms of
the disease on leaves include numerous eye spots (Lev et al.
1999), While decay of ears, infection of kernels and rotting
of stalks has also been observed (Ullstrup 1972). The disease
has devastating effects on maize with T cytoplasm, with
those having sensitive mitochondria to the host specific
polyketide toxin produced by race T pathogens being most
sensitive (Lev et al. 1999). The disease spread rapidly
throughout the USA and UK in 1970 (Ullstrup 1972). In
some regions in the Corn Belt of mid western USA, yield per
acre (0.4 ha) was reduced by 50% (Ullstrup 1972). The
standard test weight for marketing grain reduced significant-
ly (Ullstrup 1972). The serious southern leaf blight epidemic
resulted in a remarkable increase in the maize price in 1970,
and as a consequence British farmers shifted their livestock
feed from maize to barley (Ullstrup 1972).

The most serious epidemic caused by a Cochliobolus was
the famine of Bengal, in India (1943–1944), caused by C.
miyabeanus (S. Ito & Kurib.) Drechsler ex Dastur. According
to the data, the disease reduced rice yield in India by 40%–
90% (Scheffer 1997). The price of rice increased significantly
and about 2 million people starved to death. The most
significant symptoms caused by C. miyabeanus are brown
spots on leaves and glumes. Symptoms may also appear on
coleoptiles, leaf sheath panicles and branches, but rarely in
roots, young sheaths or stems. The leaf spots are uniform and
fairly evenly distributed over the leaf surface. The disease
may weaken seedlings and older plants, but when it infects the
seeds it affects the grain quality and reduces yield (Ou 1985).

Other economically important species include Cochliobolus
melinidis Alcorn, which causes spots on leaves, inflorescences
and commercially important seed samples of Melinis minuti-
flora (Sivanesan 1987). Cochliobolus luttrellii Alcorn is found
on Dactyloctenium aegyptium, while C. peregianensis Alcorn
mainly causes leaf spots on grass species such as Cynodon
dactylon, and Zea mays. C. victoriae Nelson is the causal
agent of Victoria blight on oat. C. intermedius R.R. Nelson
and C. perotidis Alcorn cause diseases on some grasses. Some
species such as C. australiensis (Tsuda & Ueyama) Alcorn, C.
hawaiiensis Alcorn and C. lunatus Nelson & Haasis are
opportunistic human pathogens.

Bipolaris and Curvularia asexual states of Cochliobolus
reported to cause several human diseases such as phaeohy-

phomycosis (Costa et al. 1991), Nasal phaeohyphomycosis
(Koshi et al. 1987) and Corneal ulcer (Anandi et al. 1988).
An unidentified Cochliobolus sp. has been recorded,
inhabiting marine sponges although the ecological role of
the fungus is poorly understood (Paz et al. 2010).

Life cycle of a Cochliobolus plant pathogen

Cochliobolus sativus (S. Ito & Kurib.) Drechsler ex Dastur
(asexual state: Bipolaris sorokiniana (Sacc.) Shoemaker) is
selected to illustrate the disease life cycle (Fig. 3). This
fungus is recorded as a necrotrophic fungal pathogen
causing leaf blotch, root rot, seed rot, germination failure,
crown rot, seedling blight, head blight and black point on
wheat grains (Zillinsky 1983; Mishra et al. 2001). Intensive
symptomless biotrophic development of C. sativus occa-
sionally results in enhanced senescence of all leaves (Dehne
and Oerke 1985). Asexual propagation of the taxon is
common in nature, whereas the sexual state is rarely
reported, except in one Zambia sample, where two opposite
mating types were recorded (Raemaekers 1988). Conidia
are the main dispersal and survival propagules (Reis and
Wunschr 1984). As with many other fungal leaf pathogens,
this fungus is seed borne and the primary infection can be
through infected seeds, infected crop residues, collateral
hosts and free dormant conidia in soil (Reis 1991;
Lanoiselet et al. 2005). Survival of C. sativus in seeds is
probably the major source of primary inocula (Mehta
1993). If the seeds were infected when they sown it
provide inocula for the newly grown crop (Reis 1991).
Seed infection reduces seedling emergence by up to 38%
(Clark and Wallen 1969).

The fungus also overwinters in the soil and crop residues
and infects young seedlings in the spring. The trends of
survival duration in wheat crop residues and infected soil is
more or less similar and it was found that the population of
C. sativus increased initially for 2 months in both soils and
crop residues and declined thereafter (Malaker et al. 2007).
However, conidia may survive in soil for more than 2 years
(Ledingham et al. 1960). It has been observed that the
parasitic conidia on wheat straw can form conidial
aggregates. These clumps of conidia are morphologically
similar to sclerotia (Chand et al. 2002). Secondary infection
may be caused by airborne conidia (Duveiller et al. 2005)
and this increases the severity of the disease. Nutrients
available in the conidia of C. sativus are sufficient for
germination and formation of appressoria, however, conidia
need an exogenous supply of nutrients to enable successful
penetration (Yadav 1981). Nutrients which leach out from
the healthy wheat leaf tissue are absorbed by the conidia
and utilized for penetration (Yadav 1981). In the tropics
inocula are generally found in the soil year round (Ou 1985).
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Mode of life

Fungi interact differently with their host and exhibit different
life modes depending on the type of interaction. Species
belonging to Cochliobolus and its anamorphs are found in
association with various hosts as epiphytes, pathogens,
endophytes or saprobes and examples are discussed here.
Switching between these life modes is also possible.

Epiphytic Cochliobolus

The surfaces of aerial plant parts provide a habitat for
epiphytic microorganisms, many of which are capable of
influencing the growth of pathogens (Blakeman and
Fokkema 1982). Relationships between epiphytes and
endophytes have important implications for fungal biodi-
versity and plant health (Santamaría and Bayman 2005).

For example, Curvularia pallescens isolated as an epiphytic
from the surface of banana fruit shows in vitro antagonism
towards Lasiodiplodia theobromae, which is a common
fungal pathogen (Alvindia and Natsuaki 2008).

Endophytic Cochliobolus

Endophytes are commonly referred to a group of fungi that
reside asymptomatically inside living plant tissues (Huang et al.
2009). These endophytic fungi can be mutualists, commen-
sals, or latent pathogens (Stone et al. 2000; Hyde and Soytong
2008). Much attention is now being paid to endophytic
biodiversity, to the chemistry and bioactivity of endophytic
metabolites, and to the relationship between endophytes and
their host plants (Huang et al. 2009; Aly et al. 2010; Xu et al.
2010). Some Cochliobolus species have been isolated as
endophytes associated with different plant species (Table 1),

Conidia 
Summer 

Spore 
dissemination by 

wind and rain 

Symptom development  
of mature wheat plant 

Early stage of 
infection of seedlings 

Infected seeds and fungal 
spores overwintering in soil  

Host senescence Infection and symptom 
development of other wheat plants 

retniWgnirpS

Fall 

Fig. 3 Schematic representation of the life cycle of Cochliobolus sativus, the casual agent of wheat
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but their percentage occurrence is usually relatively low (less
than 10%) when compared to other species (Suryanarayanan
et al. 2002: Thongkantha et al. 2008). Bipolaris sorokiniana
(sexual state: Cochliobolus sativus) had a high frequency of
occurrence in wheat glumes (Larran et al. 2007). Endophytes
might be a latent pathogen on wheat leaves and glumes
(Larran et al. 2007). Some Curvularia endophytes are latent
pathogens and cause severe disease of Musa spp. when
plants are stressed (Photita et al. 2004). Change of host plant
susceptibility, excessive humidity, or poor nutrient supply
may induce the transition of life mode from endophyte to
pathogen (Fisher and Petrini 1992).

Bipolaris and Curvularia asexual states are most com-
monly recorded as endophytes; records are lacking for the
occurrence of the sexual state as endophytes. Curvularia
protuberata is an endophyte of Dichantelium lanuginosum
(Marquez et al. 2007: Morsy et al. 2010). This fungus carries
a dsRNA mycovirus (Curvularia thermal tolerance virus) and

develops a three-way symbiotic relationship with host plants
enabling their survival in extreme soil temperatures (Morsy et
al. 2010). Bipolaris asexual states are ubiquitous in marine
sponges and also found in association with sea grasses
(Sakayaroj et al. 2010). A crude extract of endophytic
Cochliobolus sp. isolated from Piptadenia adiantoides killed
90% of the amastigote-like forms of Leishmania amazonensis,
which is a protozoan parasite and are etiological agents of
severe neglected tropical diseases (NTDs) (Campos et al.
2008). A Bipolaris species was associated with the marine
sponge Gelliodes carnosa and showed a close relationship to
B. sorokiniana (sexual state: Cochliobolus sativus) (Liu et al.
2010), a well known plant pathogen.

Saprobic Cochliobolus

Cochliobolus species and its asexual states have been also
isolated as saprobes (Ellis 1966; Kodsueb et al. 2008) and

Table 1 Examples of Cochliobolus and its anamorphs as endophytes

Species Host Country Plant part References

Bipolaris cyanodontis Solanum lycopersicum Argentina leaves Larran and Monaco 2010

Musa sp. South Africa leaves Surridge et al. 2002

Bipolaris sorokiniana Triticum aestivum Argentina Leaves, glumes Larran et al. 2007; Larran
and Monaco 2010

Bipolaris sp. Triticum aestivum Argentina Leaves, stem Larran et al. 2007

Cochliobolus australiensis
(as Drechslera australiensis)

Musa sp. South Africa Leaves Surridge et al. 2002

Cochliobolus sativus Triticum aestivum South Africa Crous et al. 1995

Fernandez 1991

Cochliobolus sp. Piptadenia adiantoides USA Campos et al. 2008

Cochliobolus sp. Hevea brasiliensis Peru Leaves Gazis and Chaverria 2010

Curvularia affinis Elaeodendron glaucum India Leaves Suryanarayanan et al. 2002

Curvularia brachyspora Thalassia testudinum USA Leaves Rodriguez and Gloriner 2008

Curvularia clavata Adhatoda zeylanica India Leaves Raviraja 2005

Bauhinia phoenicea India Bark, leaves Raviraja 2005

Callicarpa tomentosa India Bark, leaves Raviraja 2005

Curvularia geniculata Bauhinia phoenicea India Bark, leaves Raviraja 2005

Curvularia inaequalis Holcus lanatus Spain Leaves Herrero et al. 2009;
Sánchez Márquez et al. 2010

Curvularia lunatus Callicarpa tomentosa India Bark, leaves Raviraja 2005
Bauhinia phoenicea India Base, leaves

Callicarpa tomentosa India Leaves

Ficus benghalensis India Leaves Suryanarayanan et al. 2002

Azadirachta indica India Leaves Verma and Kharwar 2006

Thalassia testudinum USA Leaves Rodriguez and Gloriner 2008

Triticum aestivum Argentina Leaves, glumes, grains Larran et al. 2007

Curvularia pallescens Callicarpa tomentosa India Stem, leaves Raviraja 2005

Cochliobolus spicifer Triticum aesitivum Argentina Grains Larran et al. 2007

Curvularia oryzae Erythroxylon monogynum India Leaves Suryanarayanan et al. 2002

Curvularia tuberculata Elaeodendron glaucum,
Dalbergia latifolia

India Leaves Suryanarayanan et al. 2002
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from dead wood in wounded stems of Aquilaria mala-
ccensis (Mohamed et al. 2010). Anamorphic states of
Cochliobolus can be found in association with many
species of Poaceae such as bamboo and also other host
plants. For example, Curvularia lunata is a frequently
recorded saprobe of bamboo clumps (Hyde et al. 2002).

Although saprobic asexual states of Bipolaris and Curvu-
laria have been recorded from stored grains such as wheat,
the Cochliobolus state is less common as a saprobe. Fourteen
percent of grain mould development in stored rice in southern
USA was due to Curvularia spp. (Jurjevic et al. 2006) and
such infestations may cause significant losses. Biosecurity
regulations have been established in USA to specify that
shipment of corn should be free from Cochliobolus hetero-
strophus (= Bipolaris maydis) (Christensen and Meronuck
1986). Some examples of saprobic Cochliobolus taxa are
listed in Table 2.

Cochliobolus in biological control

Using fungi as biological control agents is a rapidly growing
area of research with implication for plant productivity, animal
and human health, and food production (Butt et al. 2001).
Weeds are an economic constraint to agricultural production
(Evans et al. 2001). Biological control of weeds by using
plant pathogens has gained acceptance as a practical, safe,

environmentally beneficial weed management method appli-
cable to agroecosystems. The use of mycoherbicides is
important in the move towards organic farming and the
reduction in the use of chemical herbicides.

Many Cochliobolus and its anamorphic species are
pathogens of weeds and can successfully be applied as
weed herbicides because the weeds and pathogens have co-
evolved over a long period. Some examples of research that
shows Bipolaris and Curvularia can be used as potential
mycoherbicides are listed in Table 3. The pathogens may
have evolved biochemical mechanisms to kill the weed host
or have significance influence on the host gross physiology
(Strobel et al. 1991). Bipolaris spp. were tested as a
potential herbicide agent against serrated tussock in
Australia (Casonato et al. 2005). It was found that 16% of
the underground seed bank was infected and the fungus was
causing seed destruction. The virulence of Bipolaris spp.
was higher than three other proven or potential pathogenic
fungi (Arthrinium, Dinemasporium, Fusarium) found on
serrated tussock

Alisma plantago-aquatica, Sagittaria spp. and Echino-
chloa spp. are weeds of rice cultivation and cause
significant yield losses if not controlled (Podkin et al.
1981). Cochliobolus lunatus was shown to be a good
biocontrol agent against some of these weeds (Motlag
2011). Alisma plantago-aquatica was most affected by C.
lunatus, while Sagitaria trifolia was most tolerant. There

Table 2 Examples of Cochliobolus and its anamorphs as saprobes

Species Host Country Plant part References

Bipolaris ellisii Pinus khasya Thailand Dead leaves Tokumasu et al. 1990

Bipolaris maydis Zea mays USA Seeds Christensen and Meronuck 1986

Curvularia
cymbopogonis

Pinus caribaea Tanzania Damping-off of seedlings Ebbels and Allen 1979

Curvularia eragrostidis Pinus caribaea Malaysia Root rot Liu 1977

Pinus khasya Thailand Decaying and fallen needles Tokumasu et al. 1990

Phaseolus vulgaris Brunei Darussalam Pod rot Peregrine and Ahmad 1982

Pandanus
odoratissimus

Thailand Decaying leaves Thongkantha et al. 2008

Cochliobolus geniculatus Phaseolus vulgaris Brunei Darussalam Rotting pods Peregrine and Ahmad 1982

Curvularia intermedia Zea mays subsp. mays USA Dead leaves Grand 1985

Zea mays Brazil, Guinea, Korea, USA Dead leaves Mendes et al. 1998

Sivanesan 1987

Cho and Shin 2004

Hanlin et al. 1978

Curvularia lunta Bambusa sp. Hong Kong Dead clumps Hyde et al. 2002

Curvularia pallescens Phaseolus vulgaris Brunei Darussalam Pod rot Peregrine and Ahmad 1982

Pinus taiwanensis Malaysia Root rot Liu 1977

Curvularia tuberculatus Pinus caribaea Tanzania from damped-off seedlings Ebbels and Allen 1979

Curvularia verruculosus Pinus caribaea Tanzania from damped-off seedlings Ebbels and Allen 1979

Curvularia sp. Magnolia liliifera Thailand Woody litter Kodsueb et al. 2008
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was no significant difference in the susceptibility of
Echinochloacrus-galli and E. oryzicola to C. lunatus
(Motlag 2011). Cochliobolus eragrostidis is a biological
herbicide used against large crab grasses (Digitaria sangui-
nalis) in cotton, soybean, watermelon and peanut cultiva-
tion (Zhu and Qiang 2004). The fungus produces the
mycotoxin α,β-dehydrocurvularin, which inhibits photo-
synthetic electron transport within Digitaria sanguinalis
(Shu-jun and Sheng 2005).

The biological control of weeds has generally been
limited by the slow development of effective, broader-
spectrum biological control agents (Zhang et al. 2007), and
more effective biocontrol agents need to be developed. An
effective biocontrol agent was produced by protoplast
fusion between Cochliobolus lunatus and Helminthospo-
rium gramineum subsp. echinochloae (Zhang et al. 2007)
and such improvements should be developed to produce
cost effective, broad spectrum biological control agents.

Novel metabolites and toxins produced by Cochliobolus
species

The fungal kingdom includes many species with unique
and unusual biochemical pathways (Keller et al. 2005). The
final products and by-products of these pathways include
important pharmaceuticals, potent toxins, and some metab-
olites that are both toxic and pharmaceutically useful
(Keller et al. 2005). These natural products, along with
many other low molecular weight fungal metabolites, are
classified as secondary metabolites (Keller et al. 2005).
Secondary metabolite production can be used in fungal
systematics as demonstrated in chemotaxonomic studies
carried out in Eurotiales and Xylariales (Guarro et al. 1999)
and Xylariaceae (Fournier et al. 2010; Stadler 2011). New
chromatographic techniques have resulted in a huge amount
of secondary metabolite data which are now being
incorporated into a database (Guarro et al. 1999).

Curvularia and Bipolaris species produce metabolites
and toxins but their production cannot be used to

differentiate the two genera (Sivanesan 1987). For example,
curvulin is formed by a Curvularia sp. and also by
Bipolaris papendorfii (Sivanesan 1987).

Curvularides, cochlioquinones, anthroquinones and
some novel proteins involved in cyclic peptide regulation
and cell wall degradation have been reported from
Cochliobolus strains. These compounds may have impor-
tant medicinal values, such as anti-fungal properties, and
thus have the potential to be used in medical science
(Chomcheon et al. 2010). For example, curvularide A-E is
produced by Curvularia geniculata and has anti-fungal
properties with curvularide B showing anti-fungal activity
against Candida albicans, which is an opportunistic
pathogen, especially in HIV patients. Curvularide B also
exhibits synergistic activity with a fluconazole drug
(Chomcheon et al. 2010). Some examples of novel
metabolites and toxins from Cochliobolus strains are listed
in Tables 4 and 5.

Mycotoxin production by Cochliobolus

Mycotoxins are toxic metabolites produced by fungi
(Yassin et al. 2010). In many tropical countries mycotoxin
contamination of food supplies is a major threat (Pitt and
Hocking 1995). Mycotoxins can be used as a taxonomic
tool to distinguish some taxa. For example, the differenti-
ation of Group I and Group II of Penicillium viridicatum
was based on mycotoxins xanthomegnin and viomellein,
respectively (Ciegler et al. 1981). Bipolaris species produce
more important mycotoxins than species of Curvularia.
Mycotoxins produced by Bipolaris species may or may not
be host-specific (Sivanesan 1987). HS toxin (a peptide and
a secondary amine) produced by Cochliobolus victoriae,
HC toxin (a polypeptide) produced by Cochliobolus
carbornum race 1, and T toxin produced by C. hetero-
strophus are examples of host-specific toxins (Sivanesan
1987). Ophiobolins (terpinoid) produced by C. miyabeanus
and carbotoxin produced by C. carbornum are examples of
non host-specific toxins (Sivanesan 1987). Curvularin is a

Table 3 Anamorphic
Cochliobolus species used in
biocontrol of weeds

Pathogen Targeted Host References

Bipolaris ravenelii Sporobolus spp. Hetherington and Irwin 1999

Bipolaris setariae Eleusine indica Figliola et al. 1988

Bipolaris sp. Microstegium vimineum Kleczewski and Flory 2010

Curvularia eragrostidis Digitaria sanguinalis Jiang et al. 2008

Curvularia lunata Alisma plantago-aquatica Motlag 2011

Echinochola spp. Tsukamoto et al. 1997

Curvularia tuberculata Cyperus difformis de Luna et al. 2002
Cyperus iridis

Fimbristylis miliacea
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common mycotoxin produced by Curvularia species. For
example, it is produced by Curvularia lunata and has been
recoded as a toxin on sorghum and rice grains (Anthony et
al. 2009). Curvularia is an important contaminant of stored
rice in Nigeria (Makun et al. 2007).

Some mycotoxins have medicinal properties and these
could be used in therapy against various diseases. For
example, ophiobolins possess a wide range of inhibitory
effects against nematodes, fungi and bacteria while
cochlioquinones have been reported as anti-angiogenic
agents and antagonists of human chemokine receptor
CCR5, a crucial target for current anti-HIV-1-therapy
(Phuwapraisirisan et al. 2007). These findings indicate a
potential for using ophiobolin and cochlioquinon as
pharmaceuticals. Some important mycotoxins produced by
the genus Cochliobolus and its anamorphs are listed in
Table 5.

Type cultures of Cochliobolus

Gene sequence data is commonly used in resolving taxonomic
problems at the species or higher taxonomic levels (Shenoy et al.
2007, 2010; Cheewangkoon et al. 2010). Such studies are often
flawed in that ex-type cultures of a species or genus being
researched have not been included in the study (Than et al.
2008; Hyde et al. 2009). In order to stabilize the application of
species names it is necessary to sequence ex-holotype, ex-
isotype or ex-epitype cultures if they exist (Cai et al. 2009; Hyde
et al. 2009). We summarize the genes sequenced from ex-type
cultures of species of the genus Cochliobolus (Table 6). When
the type derived sequences are lacking or type cultures could not
be located, sequences of cultures obtained from the original
author or authenticated in reliable ways were included. These
type derived sequences (Table 6) can be used for analysis and
identification of fresh collections in future work in this genus.

Table 4 Secondary metabolites produced by strains of Cochliobolus and its anamorphs

Species used Chemical Important properties References

Bipolaris oryzae Anhydrocochlioquinone A Anti tumor compound Phuwapraisirisan et al. 2007

Bipolaris zeicola Cochlioquinone A1 New anti-angiogenic agent Jung et al. 2003

Cochliobolus carbonum TOXEp Novel protein Regulation of cyclic peptide
biosynthesis

Ahn and Walton 1998

Cochliobolus carbonum EXG1p novel exo-β1,3-glucanase Cell wall degradation Nikolskaya et al. 1998

Cochliobolus lunatus 17b-Hydroxysteroid dehydrogenase Catalyses the reduction of steroids
and of several o- and p-quinones

Rizner et al. 1999

Cochliobolus miyabeanus Cochlioquinones A, B New metabolites with p-quinonoid nature Carruthers et al. 1971

Cochliobolus sativus 9-Hydroxyprehelminthosporol Anti-viral property Aldridge and Turner 1970

Cochliobolus spicifer spiciferone A Gamma-pyrone plant growth inhibitor Nakajima et al. 1993

Cochliobolus spicifer 6-Chlorodehydrocurvularin Ghisalberti and Rowland 1993

Cochliobolus sp. Cochlioquinone A Leishmanicidal activity Campos et al. 2008

Cochliobolus sp. Isocochlioquinone A Leishmanicidal activity Campos et al. 2008

Curvularia geniculata Curvularide A, C, D, E Antifungal hybrid peptide—polyketides Chomcheon et al. 2010

Curvularia geniculata Curvularide B Antifungal property against Candida
albicans synergistic activity with a
fluconazole drug

Chomcheon et al. 2010

Curvularia lunata Lunatin (w 1,3,8 trihydroxy-6-
methoxyanthraquinone)

Anthraquinone Jadulco et al. 2002

Curvularia pallescens Curvupallides A, B, C New class of Alkoloids Abraham et al. 1995

Curvularia protuberata Mannitol A fungal polyol with complex protective
roles

Isenor et al. 2010

Table 5 Mycotoxins produced
by Cochliobolus and its
anamorphs

Species Toxin References

Bipolaris cynodontis Bipolaroxin Sugawara et al. 1985

Bipolaris sorokiniana Sorokinianin Nakajima et al. 1994

Cochliobolus carbonum Carbotoxine Sivanesan 1987

Cochliobolus carbornum Race 1 HC toxin Sivanesan 1987

Cochliobolus victoriae Victorin Sivanesan 1987

Cochliobolus miyabeanus Ophiobolin Sivanesan 1987

Curvularia lunata Curvularin, Cytochalasin B Anthony et al. 2009

Wells et al. 1981
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Multi locus phylogeny based on type derived cultures

DNA was extracted from 15 ex-type cultures, 4 authentic
strains (as stated in the CBS database), five cultures
collected by the original authors and one culture collected
from the same host plant as in the protologue. These

authentic strains will be epitypified in our future publica-
tions. rDNA ITS, GPDH and EF1α sequences were
generated (Manamgoda et al. 2011) and sequences were
aligned using BioEdit and the alignment was optimized
manually. All gaps were treated as missing data. Phyloge-
netic analysis was carried out for the dataset using PAUP*

Table 6 Type and ex-type cultures of Cochliobolus and its anamorphs with sequenced gene

Species Culture Gene bank accession numbers

ITS GPDH 28 s rRNA MAT TEF 1α

Bipolaris australiensis (M.B. Ellis) Tsuda & Ueyama CBS 172.57ce JN601026 JN601036 JN600981 – JN601003

Bipolaris chloridis Alcorn CBS 242.77ae JN192372 JN600961 – – –

Bipolaris coicis (Y. Nisik.) Shoemaker CBS 192.29be AF081447 AF081410 JN600984 – JN601006

Bipolaris hawaiiensis (M.B. Ellis) J.Y. Uchida & Aragaki CBS 173.57be JN601029 JN600966 JN600988 – JN601010

Bipolaris microlaenae Alcorn CBS280.91be/ JN601032 JN600974 JN600995 – JN601017
BRIP15613be

Bipolaris ovariicola Alcorn BRIP15882be JN601031 JN600971 JN600992 – JN601015

CBS 470.90 be JN192384 JN600976 JN600998 – JN601020

Bipolaris peregianensis Alcorn BRIP 12790be JN601034 JN600977 JN601000 – JN601022

Bipolaris perotidis Alcorn CBS 350.90be JN192385 – JN600999 – JN601021

Cochliobolus australiensis Alcorn 8320ba AF081450 AF081408 – – –

BRIP 12112a JN192371 – – – –

Cochliobolus carbonum Nelson CcAa AF158110 – – – –

Cochliobolus dactyloctenii Alcorn 7938-9a AF158106.1 AF081376 – – –

Cochliobolus eleusines Alcorn 8749ca AF081451.1 AF081405.1 – – –

Cochliobolus ellisii Alcorn CBS 193.62be JN192375 JN600963 JN600985 – JN601007

Cochliobolus graminicola Alcorn BRIP 23186 aae JN192376 JN600964 JN600986 JN601008

Cochliobolus hawaiiensis Alcorn BRIP 10972ae JN192377 JN600968 – – JN601012

7612 (b)-6a AF071324.1 AF081378.1 – – –

7612 (b)-7a – AF081415.1 – – –

BRIP 10971ae JN601030 JN600967 JN600989 – JN601011

BRIP 15933ae JN601028 JN600965 JN600987 – JN601009

Cochliobolus homomorphus Luttr. ATCC13409/ JN192380 JN600970 JN600991 AF129741.1 JN601014
CBS156.60be

Cochliobolus kusanoi (Y. Nisik.) Drechsler CBS 137.29ce JN192381 – JN600993 – JN601016

Cochliobolus luttrellii Alcorn 14643-1a AF071350.1 AF081402.1 – AF129740.1 –

Cochliobolus melinidis Alcorn BRIP 12898 be JN601035 JN600972 JN600994 – –

Cochliobolus nodulosus Luttr. CBS 160.58ce JN601033 JN600975 JN600997 – JN601019

Cochliobolus peregianensis Alcorn 7656-9a AF158111 – – – –

7656-3a AF071328 AF081384 – –

Cochliobolus ravenelii Alcorn BRIP 13165be JN192386 JN600978 JN601001 – JN601024

Cochliobolus spicifer Nelson CBS 274.52ce JN192387 JN600979 – – JN601023

Cochliobolus tripogonis Alcorn BRIP 12375be JN192388 JN600980 JN601002 – JN601025

Cochliobolus.victoriae. Nelson 408a – AF158112 – – –

CBS 174.57de JN601027 – JN600983 – JN601005

Curvularia heteropogonis Alcorn CBS 284.91be JN192379 JN600969 JN600990 – JN601013

Curvularia tuberculata B.L. Jain CBS 146.63be JN192374 JN601037 JN600982 – JN601004

a: Cultures deposited by the original author

b: Ex-type cultures

c: Authentic strains

d: Cultures isolated from the same host and same location as the original collection

e: strains used in the phylogenetic analysis

14 Fungal Diversity (2011) 51:3–42



4.0b10 (Swofford 2002). Ambiguously aligned regions
were excluded from all analyses. Trees were figured in
Treeview (Page 1996). One of the most parsimonious trees
generated from phylogenetic analysis based on the above

sequences for 25 strains is provided (Fig. 4). Phylogram
derived from combined gene analysis of rDNAITS, LSU
(28S ribosomal DNA), GPDH (glycerldehyde-3-phoshate
dehydrogenase) (Berbee et al. 1999), and TEF1 (translation

Cochliobolus hawaiiensis BRIP 10971
95

Cochliobolus hawaiiensis BRIP 1097296

Cochliobolus hawaiiensis BRIP 15933

Bi l i h ii i CBS 173 57

96

Bipolaris hawaiiensis CBS 173.57

Bipolaris australiensis CBS 172.57
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Bipolaris perotidis CBS 350.90
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Bipolaris ovariicola CBS 470 90
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Fig. 4 Phylogram generated from the parsimony analysis based on
combined genes of ITS,GPDH,LSU, Ef 1α sequence data derived
from type, epitype and other selected specimens. Bootstrap support

values >50% are shown below or above the branch and strict
consensus branches are thickened. The tree is rooted with Alternaria
sp. (Berbee et al. 1999)
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elongation factor-1 alpha) (Schoch et al. 2009) is presented
here as a phylogenetic treatment for the genus Cochliobolus
(Fig. 4). The tree shows the robust lineages for most of the
well identified species analyzed using type, extype or
authentic cultures.

Cochliobolus names in current use

Fifty-five Cochliobolus names were found in the literature
and available databases. As a starting point, Cochliobolus
names are first considered, while Bipolaris and Curvularia
anamorphs that do not have a Cochliobolus sexual state are
not included. The Cochliobolus names are listed alphabet-
ically below with notes as follows:

& Species name with authorities and publication details
& Synonyms
& Putative diseases and their symptoms are listed for the

pathogenic species
& A list of hosts and distribution of the fungus based on

available literature
& Essential notes emphasizing research needs

Cochliobolus aberrans Alcorn, Mycotaxon 39: 362 (1990)
= Bipolaris aberrans Alcorn, Mycotaxon 39: 364 (1990)
Holotype: BRIP 16364; Isotype: IMI 335209.
Hosts and diseases: Leaf spots of Eragrostis parviflora

(Poaceae).
Distribution: Australia.
References: Alcorn 1990.
Notes: The Bipolaris anamorph, isolated from Era-

grostis parviflora, formed a Cochliobolus teleomorph
after mating. Sivanesan (1987) listed 16 Bipolaris and
Curvularia species from the same Eragrostis parviflora
host and most of them are distinct from the anamorph of
C. aberrans. Only Cochliobolus kusanoi (Y. Nisik.)
Drechsler ex Dastur and C. nodulosus Luttr. share some
similar morphological characters. Alcorn (1990) con-
firmed the anamorph-teleomorph connection between C.
aberrans and Bipolaris aberrans. There is little published
information about C. aberrans. This species is differen-
tiated from other species by morphology and phylogenet-
ic analysis is needed to infer its relationship with other
species.

Cochliobolus akaii (Tsuda & Ueyama) Sivan., Mycol. Pap.
158: 106 (1987)

≡ Pseudocochliobolus akaii Tsuda & Ueyama, Trans.
Mycol. Soc. Japan 26: 324 (1985)

= Curvularia akaii Tsuda & Ueyama, Trans. Mycol. Soc.
Japan 26: 325 (1985)

Holotype: TNS-F.

Hosts and disease: Themeda triandra (Poaceae).
Distribution: Japan.
References: Sivanesan 1987; Lenne 1990.
Notes: The teleomorph is heterothallic and was obtained by

pairing compatible monoconidial isolates on Sach’s agar
medium incorporating sterilized rice straw (Tsuda and Ueyama
1985). Ascospore length in C. akaii is similar to C.
heteropogonis Alcorn (Alcorn 1990). This species is differ-
entiated from other species by morphology and phylogenetic
analysis is needed to infer its relationship with other species.

Cochliobolus akaiiensis Sivan., Mycol. Pap. 158: 110 (1987)
= Curvularia akaiiensis Sivan., Mycol. Pap. 158: 110 (1987)
Holotype: IMI 172167.
Hosts and diseases: Unknown.
References: Sivanesan 1987.
Notes: This species was recorded as homothallic. There

are no reports of this species since Sivanesan (1987). The
sexual state was only observed on TWA + wheat straw
medium and has not been observed in the nature. The conidia
are similar in shape to that of C. akaii but smaller and wider
(Sivanesan 1987). This species is differentiated from other
species based on morphology and phylogenetic analysis is
needed to infer its relationship with other species.

Cochliobolus australiensis (Tsuda & Ueyama) Alcorn,
Mycotaxon 16: 373 (1983)

≡ Pseudocochliobolus australiensis Tsuda & Ueyama,
Mycologia 73: 92 (1981)

= Bipolaris australiensis (M.B. Ellis) Tsuda & Ueyama,
Mycologia 73: 90 (1981)

≡ Drechslera Bugnic. ex M.B. Ellis, Dematiaceous
Hyphomycetes (Kew): 413 (1971)

≡ Drechslera australiensis Bugnic. ex Subram. & B.L.
Jain [as ‘australiense’], Curr. Sci. 35: 354 (1966)

≡ Helminthosporium australiense Bugnic., Rev. gén.
Bot. 62: 242 (1956)

Holotype: TNS-F-195405; Isotypes: BPI, CUP, IMI, K, L.
Hosts and diseases: Cosmos bipinnatus, Helianthus

annuus, Senecio mesogrammoides, Zinnia elegans (Aster-
aceae), Ananas comosus (Bromeliaceae), Acacia koa,
Arachis hypogaea, anamorph is recorded as an endophyte
on Medicago laciniata (Fabaceae), on leaves of Quercus
xalapensis (Fagaceae), Passiflora edulis (Passifloraceae),
Chloris gayana, Cymbopogon winterianus, Cynodon trans-
vaalensis, Hordeum vulgare, Lolium multiflorum, Pennisetum
americanum, P. typhoides, Sorghum, Zea mays (Poaceae),
seeds of Lycopersicon esculentum (Solanaceae).

The species causes leaf blights and brown leaf spot
especially of grasses. The anamorph Bipolaris australiensis
has been recorded as an opportunistic human pathogen.

Distribution: Australia, China, Hawaii, India, Japan,
Kenya, Libya, Mexico, New Zealand, Zimbabwe.
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References: Sarbhoy et al. 1971; Baker et al. 1979;
Kumar and Dwivedi 1981; Sharma et al. 1981; Srivastava
and Gupta 1981a; b; Chalet et al. 1986; Sivanesan 1987;
Pennycook 1989; Sobti and Bansal 1989; Lenne 1990;
Portales et al. 1995; Caretta et al. 1999; Kobayashi 2007;
Dyer et al. 2008.

Notes: This heterothallic species is widespred with a
large host range. The disease is transmitted by infected
seeds and airborne conidia. In Ellis (1971) list the species
under the name Drechslera. However, Tsuda and Ueyama
(1981) found that Drechslera australiensis had a sexual
state in Pseudocochliobolus (later transferred to Cochlio-
bolus) and thus they transferred Drechslera australiensis to
Bipolaris australiensis. This species is an important human
pathogen and has been used in medical research (Newell et
al. 2006; McGinnis et al. 1986).

Cochliobolus bicolor A.R. Paul & Parbery, Trans. Br.
mycol. Soc. 49: 386 (1966)

= Bipolaris bicolor (Mitra) Shoemaker, Can. J. Bot. 37:
884 (1959)

≡ Helminthosporium bicolor Mitra, Trans. Br. mycol.
Soc. 15: 286 (1931) [1930]

≡ Drechslera bicolor (Mitra) Subram. & B.L. Jain, Curr.
Sci. 35: 354 (1966)

≡ Drechslera bhawanii O. Prakash & A.P. Misra [as
‘bhawani’], Sydowia 33: 242 (1980)

≡ Helminthosporium bhawanii A.P Misra, Helmintho-
sporium species occurring on cereals and other Graminae:
214 (1976), non rite publ. (Art.36)

Holotype: MELU F2220.
Hosts and diseases: Bactris gasipaes (Arecaceae), Quercus

xalapensis (Fagaceae), Andropogon aciculatus, Apluda aris-
tata, Brachiaria ruziziensis, Eleusine coracana, Eragrostis
japonica, Pennisetum clandestinum, P. glaucum, P. typhoides,
Melanocenchris abyssinica, Oryza sativa, Panicum maximum,
Setaria sp., Sorghum vulgares, Triticum aestivum, Urochloa
panicoides, Zea mays, Zizania aquatica (Poaceae).

Generally causes leaf spots.
Distribution: Africa, Australia, Brazil, Canada, Cote

d’Ivoire, Denmark, India, New Zealand, Nigeria, Swaziland.
References: Paul and Parbery 1966; Sivanesan 1987;

Lenne 1990; Portales et al. 1995; Mendes et al. 1998;
Morejon et al. 1998.

Notes: This species was first reported as Helminthospo-
rium bicolor Mitra (1930) in Poona, India associated with
foot rot of wheat. Resemblance conidia dimensions of H.
carbonum Ullstrup, H. setariae Saw. and H. cynodontis
Marig. The typical bicoloration of conidia separates this
species from others (Paul and Parbery 1966). The sexual stage
was produced on Sach’s agar. High humidity stimulated
mycelia and conidial growth, but in these conditions
ascomata development failed (Paul and Parbery 1966).

Cochliobolus boutelouae R. Sprague, Mycologia 43: 550
(1951)

Holotype: A.S. 20726 WSP.
Hosts and diseases: Boutealoua gracilis (Poaceae)
The taxon causes dark brown, almost black charred,

linear leaf spots.
Distribution: USA.
References: Sprague 1951; Rogerson 1958.
Notes: No conidial state for this fungus has been recorded.

We cannot found any report of the occurrence of the species
after its introduction in 1958. Epityfication is required.

Cochliobolus buteae S.D. Patil & C. Ramesh, Indian
Botanical Reporter 5: 28 (1986)

Hosts: Butea monosperma (Fabaceae).
Distribution: India.
References: Patil and Ramesh 1986.
Notes: There are no records of this species after its

introduction in 1986 and the species should be recollected
and subjected to molecular analysis to prove its distinct-
ness. The asexual state of the species is unknown.

Cochliobolus carbonum R.R. Nelson, Phytopathology 49:
809 (1959)

= Bipolaris zeicola (Stout) Shoemaker, Can. J. Bot. 37:
885 (1959)

≡ Helminthosporium zeicola Stout, Mycologia 22: 273
(1930)

≡Helminthosporium carbornum Ullstrup, Phytopathology
34: 219 (1944)

≡ Drechslera zeiocola (Stout) Subram. & B.L. Jain,
Curr. Sci. 35: 355 (1966)

≡ Drechslera carbonum (Ullstrup) Sivan., Bitunicate
Ascomycetes and their Anamorphs (Vaduz): 369 (1984)

Holotype: BPI, K
Hosts and diseases: Sorghum, Zea mays (Poaceae), Malus

domestica (Rosaseae). The species is highly virulent on corn
causing black ear rot and Northern leaf spot of sweet corn.
C. carbornum causes spots on leaves, kernels, ear and
stems of maize of and also causes diseases on seeds of
Sorghum. The asexual state is the casual agent of Helmin-
thosporium corn leaf spot (HCLS) (Jones and Dunkle 1993).

Distribution: Australia, Brazil, Cambodia, Canada, China,
Congo, Denmark, Egypt, India, Kenya, New Zealand,
Nigeria, Solomon island, USA

References: Nelson 1959; Lijia et al. 1998. Litzenberger
et al. 1962; Turner 1971; Leath and Leonard 1986;
Sivanesan 1987; Lenne 1990; Mendes et al. 1998

Notes: Cochliobolus carbornum is a common pathogenic
species. HC-toxin is a host selective toxin produced by C.
carbornum Race 1 which is essential for its pathogenicity on
maize (Panaccione et al. 1992). On the basis of inter-specific
fertility C. carbornum and C. victoriae seem closely related.
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However only 1% of attempted crosses of these two isolates
are fertile (Nelson 1960b). A close connection between C.
carbornum and C. victoriae was apparent as the two species
could not be distinguished on the phylogenetic tree (Berbee et
al. 1999). Genetic analysis of the progeny from individual asci
of C. carbornum by (Nelson 1960b) showed that asci rarely
contain a full complement of eight ascospores and also found
a link between the number of asci and segregation ratio.

Cochliobolus chloridis Alcorn, Trans. Br. Mycol. Soc. 70:
61 (1978)

= Bipolaris chloridis (Alcorn) Alcorn, Mycotaxon 16:
373 (1983)

≡ Drechslera chloridis Alcorn, Trans. Br. mycol. Soc.
67: 148 (1976)

Holotype: IMI 213865; Isotype: BRIP 12106.
Hosts and diseases: Chloris gayana (Poaceae). Causes

leaf blight
Distribution: Australia, India, Kenya, Malawi, Tanzania,

Zambia.
References: Alcorn 1978; Sivanesan 1987.
Notes: The species is heterothallic and morphologically

very similar to Cochliobolus heterostrophus, which is the
type species of the genus. It differs only in having ascomata
with a wider diameter range, and a shorter narrow beak;
however its conidial state is quite distinct from that of C.
heterostrophus (Alcorn 1978). The species was described
using morphological characters and phylogenetic analysis using
type derived sequences are essential to infer its relationshipswith
other species.

Cochliobolus cymbopogonis J.A. Hall & Sivan., Trans. Br.
mycol. Soc. 59: 315 (1972)

= Curvularia cymbopogonis (C.W. Dodge) J.W. Groves
& Skolko [as ‘cymbopogi’], Canadian Journal of Research,
Section C 23: 96 (1945)

≡ Helminthosporium cymbopogonis C.W. Dodge [as
‘cymbopogi’], Ann. Mo. bot. Gdn 29: 139 (1942)

Holotype: IMI 130402.
Hosts and diseases: Cannabis sativa (Cannabaceae)

Andropogon sambesi, A. tectorum, A. gabonensis, Cymbopo-
gon citrates, C. confertiflorus, C. martini, Cymbopogon
winterianus, Hyparrhenia rufa, H. dissoluta, H. glabriuscula,
Loudetia superb, Sorghum vulgare, Zea mays (Poaceae).

Causes seed and seedling blights and leaf spots on
dicotyledons, monocotyledons worldwide.

Distribution: Colombia, Ghana, India, Jamaica, Malay-
sia, Nigeria, Sierra Leone, Sudan, USA, Venezuela, Zambia.

References: Litzenberger et al. 1962; Sivanesan 1987;
Lenne 1990; Mcpartland and Cubeta 1997

Notes: Homothallic pseudothecia of C. cymbopogonis
have been seen only in cultures (Mcpartland and Cubeta
1997). Asci of C. cymbopogonis are partially bitunicate and

both layers of the ascus wall are functional in ascospore
liberation (El Shafie and Webster 1980). Cochliobolus
cymbopogonis shows an unusual organization of MAT gene
(Dyer et al. 2003); with the species carry both homothallic
and heterothallic idiomorphs in MAT loci (Yun et al. 1999).

Cochliobolus cynodontis R.R. Nelson, Mycologia 56:
67 (1964)

≡ Bipolaris cynodontis (Marignoni) Shoemaker, in
Azbukina et al. (eds), Overs. K. danske Vidensk. Selsk.
Forh. Medlemmers Arbeider 79: (1959)

= Bipolaris cynodontis (Marignoni) Shoemaker, Can. J.
Bot. 37: 883 (1959)

≡ Helminthosporium cynodontis Marignoni, Micromiceti
di Schio: 27 (1909)

≡ Drechslera cynodontis (Marignoni) Subram. & B.L.
Jain, Curr. Sci. 35: 354 (1966)

Holotype: BPI 85101.
Hosts and diseases: Axonopus affinis, Cynodon dactylon

var. dactylon, Digitaria spp., Lolium multiflorum-perenne,
Miscanthus spp., Oryza sativa, Panicum maximum, Sor-
ghum arundinaceum var. sudanense (Poaceae), Eucalyptus
sp. (Myrtaceae), Rosa spp. (Rosaceae).

Leaf spot of Bermuda grass and other crops, leaf blight
and brown patches of turf and lawns.

Distribution: Australia, India, Kenya, New Zealand,
Papua New Guinea, South Africa, Taiwan and USA

References: Endo 1961; Nelson 1964a; Matsushima
1980; Shaw 1984; Sivanesan 1987; Pennycook 1989;
Lenne 1990; Crous et al. 2000; Roane 2004.

Notes: This species was first isolated from dry leaves of
Cynodon dactylon in Italy in 1909 (Nelson 1964a). Although
the species is not considered to be a primary pathogen it is very
common on Cynodon dactylon. Morphological characters of
this species are congeneric with the description of C.
heterostrophus which is the type species of the genus.
Pigmentation was previously used as a taxonomic character
in the genus Bipolaris, but studies on B. cynodontis showed
that cultural conditions affected pigmentation and thus pigmen-
tation cannot be used as a taxonomic character (White and
Johnson 1971). The species is heterothallic (Nelson 1964a).

Cochliobolus dactyloctenii Alcorn, Mycotaxon 15: 3 (1982)
= Bipolaris dactyloctenii Alcorn, Mycotaxon 15: 3 (1982)
Holotype: BRIP 13498.
Hosts and diseases: Dactyloctenium radulans, Melinis

minutiflora, Sorghum, Zea mays (Poaceae).
The species forms lesions on leaves.
Distribution: Australia, India.
References: Alcorn 1982; Sivanesan 1987.
Notes: The anamorph of this fungus was first collected

on caryopses of Melinis minutiflora and the heterothallic
fungus formed the teleomorph in paired single-ascospore

18 Fungal Diversity (2011) 51:3–42



cultures (Alcorn 1982a). Conidia of B. dactyloctenii can be
differentiated from the other species with small straight
conidia such as B. australiensis, B. hawaiiensis (M.B. Ellis)
J.Y. Uchida & Aragak and B. spicifera (Bainier) Subram
(Alcorn 1982) by the shape and width of conidia.

Cochliobolus eleusines Alcorn, Mycotaxon 39: 367 (1990)
= Bipolaris eleusines Alcorn & R.G. Shivas, Mycotaxon

39: 369 (1990)
Holotype: BRIP 16334; Isotype: IMI 335211.
Hosts and diseases: Eleusine indica (Poaceae).
Generally causes leaf spots.
Distribution: Australia, Papua New Guinea, Vanuatu.
References: Alcorn 1990; Shivas and Alcorn 1996.
Notes: The sexual state is similar to C. sativus, but

differs in its greater size range of ascomata and shorter and
narrower ascospores with fewer septa (Kuribayashi 1929;
Tinline 1951; Sivanesan 1987). Harding and Tinline (1983)
examined this relationship by mating C. eleusines and C.
sativus and found that there was no interfertility although
protothecia formed in many crosses. Subsequently, Alcorn
(1990) named C. eleusines as a different species. Cochlio-
bolus eleusines shows a very close relationship to C. sativus
at the phylogenetic level (Berbee et al. 1999). Since 1990
there have been no records of this species.

Cochliobolus ellisii Alcorn, Trans. Br. mycol. Soc. 81: 172
(1983)

= Bipolaris ellisii (Danquah) Alcorn, Trans. Br. mycol.
Soc. 81: 174 (1983)

≡ Drechslera ellisii Danquah, Trans. Br. mycol. Soc.
64:545 (1975)

Holotype: BRIP 13633; Isotypes: DAR 41671, IMI
267702.

Hosts and diseases: Crotalaria pseudospartium (Fabaceae),
on dead needles of Pinus khasya (Pinaceae), Dactyloctenium
aegyptium (Poaceae), isolated from seeds of Capsicum sejuncta
(Solanaceae).The species is generally recorded as a saprobes.

Distribution: Australia, Ghana, Kenya, Thailand.
References: Danquah 1975; Alcorn 1983c; Sivanesan

1987; Hyde and Alcorn 1993; Tokumasu et al. 1990;
Caretta et al. 1999.

Notes: Drechslera ellisii isolates was found to form the
teleomorph in paired cultures. Morphological characters such
as shape, manner of germination, septum ontogeny and
hilum morphology of asexual state indicated that it would be
more appropriate to be placed in Bipolaris (Alcorn 1983c).
There are no records of the species since 1999.

Cochliobolus eragrostidis (Tsuda & Ueyama) Sivan.,
Mycol. Pap. 158: 113 (1987)

= Curvularia eragrostidis (Henn,) J.A. Mey, Publ. Inst.
nat. Étude agron. Congo belge, Sér. sci. 75: 183 (1959)

≡ Brachysporium eragrostidis Henn, Annals de Musée
du Congo, Botanique Série 5 2: 230 (1908)

≡ Spondylocadium maculans Bancroft, Bull. Dep. Afric.
F.M.S. 16: 16 (1913)

≡ Curvularia maculans (Bancroft) Boedijin, Bull. Jard.
bot. Buitenz. 3 Sér. 125: (1933)

≡ Pseudocochliobolus eragrostidis Tsuda & Ueyama,
Trans. Mycol. Soc. Japan 26: 322 (1985)

Holotype: TNS-F 198560.
Hosts and diseases: The species is distributed worldwide

and reported from several plant families. Liquidambar macro-
phylla (Altingiaceae), Allium cepa, A. sativum (Amaryllida-
ceae), Cananga odorata, Annona odorata (Annonaceae),
Colocasia esculenta (Araceae), Areca catechu, Cocos
nucifera, Elaeis guineensis, (Arecaceae), Raphanus sativus
(Brassicaceae), Ananas comosus (Bromeliaceae), Rhoeo
discolor, R. spathacea (Commelinaceae), Dioscorea alata,
D. cayenensis, D. pentaphylla (Dioscoreaceae), Alysicarpus
monilifer, Acacia aulacocarpa, Pueraria phaseoloides, Sty-
losanthes gracilis, S. humilis, Vigna unguiculata (Fabaceae),
Ficus spp., (Moraceae), Eucalyptus globulosus, E. tereticor-
nis (Myrtaceae), Phalaenopsis amabilis (Orchidaceae).Pan-
danus tectorius (Pandanaceae), Pinus patula (Pinaceae),
Brachiaria decumbens, Cynodon dactylon, Cymbopogon
ambiguous, C. martini, C. winterianus, Dactyloctenium
aegyptium, Digitaria exilis, Eragrostis chapilieri, Imperata
cylindrica, Oryza sativa, Panicum miliaceum, Pennisetum
purpureum, Rottboellia exaltata, Saccharum officinarum,
Sorghum vulgare, Sporobolus poiretii, Triticum, Zea mays
(Poaceae), Pentas lanceolata (Rubiaceae), Capsicum ann-
uum, Lycopersicon esculentum (Solanaceae), Camellia
sinensis (Theaceae)

Cochliobolus eragrostidis and its asexual state Curvularia
eragrostidis is responsible for numerous diseases including
leaf spots and blights. Important examples include foliage
diseases of tea (Camellia sinensis) where it causes extensive
disease particularly to cloned cuttings and in young tea
plantations (Saha et al. 2001). Curvularia eragrostidis causes
economic damage to young tea plantations and research has
been carried out to investigate the pathogenicity on tea
plants. Pathogenicity to different varieties of tea was related
to the level of common antigens present between host and
pathogen (Dasgupta et al. 2005). The asexual state Curvu-
laria eragrostidis causes yam blight which is a major foliar
disease in yam (Michereff et al. 1994). One strain was
isolated from air in Hong Kong (Zhuang 2001).

Distribution: Australia, Brazil, Brunei, China, Congo,
Cuba, Darussalam, Fiji, Hong Kong, India, Indonesia,
Japan, Malawi, Malaysia, Mexico, Myanmar, New Zealand,
Nigeria, Sierra Leone, South Africa, Solomon Islands, Sri
Lanka, Thailand, USA.

References: Ostazeski 1959; Johnston 1960; Turner
1971; Miller 1971; Liu 1977; Peregrine and Ahmad 1982;
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Matsushima 1983; Urtiaga 1986; Sivanesan 1987;
Matsushima 1989; Shivas 1989; Lenne 1990; Tokumasu
et al. 1990; Hyde and Alcorn 1993; Vittal and Dorai 1994;
Portales et al. 1995; Mendes et al. 1998; Crous et al. 2000;
Lu et al. 2000; Minter et al. 2001; Zhuang 2001;
Michereff et al. 2008; Thaung 2008

Notes: Cochliobolus eragrostidis is a heterothallic
species and the sexual state was observed on Sach’s agar
medium containing sterilized rice straw (Sivanesan 1987).
Goh et al. (1998) included the anamorph in a phylogenetic
study based on ITS and 28S rRNA combined analysis and
found that it clustered with Bipolaris maydis and Curvu-
laria oryzae. This cluster was distinct from the main cluster
of Bipolaris and Curvularia species.

Cochliobolus geniculatus R.R. Nelson, Mycologia 56: 777
(1964)

= Curvularia geniculata (Tracy & Earle) Boedijn, Bull.
Jard. bot. Buitenz, 3 Sér. 13: 129 (1933)

≡ Helminthosporium geniculatum Bull. Torrey bot. Club
23: 207 (1896)

≡ Pseudocochliobolus geniculatus (R.R. Nelson) Tsuda,
Ueyama & Nishih. Mycologia 69: 1118 (1977)

Holotype: BPI.
Hosts and diseases: The species was found associated with

various hosts such as Amaranthus gangeticus (Amarantha-
ceae), Petroselinum crispum (Apiaceae), Caladium bicolor,
Colocasia esculenta (Araceae), Zinnia elegans (Asteraceae),
Impatiens balsamina (Balsaminaceae), Basella rubra (Base-
llaceae), Brassica oleracea (Brassicaceae), Opuntia spp.
(Cactaceae), Ipomoea batatas (Convolvulaceae) Arachis
hypogaea, rotting pods of Phaseolus vulgaris, Cause leaf
spots on Cajans cajan, Centrosema pubescens, Glycine max,
Senna alexandrina, Stylosanthes capitata (Fabaceae), Episcia
cupreata (Gesneriaceae), Maranta spp. (Marantaceae), Jas-
minum sambac (Oleaceae) seeds of Eschscholzia californica
(Papaveraceae), Axonopus compressus, Brachiaria spp.,
Cymbopogon sp, Cynodon dactylon, Imperata cylindrical,
Ischaemum ciliare, Oryza sativa, Panicum miliaceum, Pas-
palum sp., Pennisetum sp., Saccharum officinarum, Sporobo-
lus poiretii, S. raveneli, Themeda arguens, Triticum aestivum,
T. durum, Zea mays (Poaceae) Capsicum frutescens, Lyco-
persicon esculentum, Solanum melongena (Solanacae), Vitis
vinifera (Vitaceae), Zingiber officinale (Zingiberaceae).

Causes leaf spots, seed and seedling blights also isolated
as a saprobe.

Distribution: Cochliobolus geniculatus is recorded most
commonly in tropical regions including Australia, Bangladesh,
Bhutan, Brunei, Canada, Cuba, India, Fiji, Hong Kong,
Jamaica, Malaysia, Myanmar, Nepal, Nigeria, Papua New
Guinea, Peru, Sierra Leone, Singapore, Seychelles, Solomon
Islands, Tobago, Thailand, Trinidad, Uganda, Venezuela.

References: Nelson 1964b; Firman 1972; Srivastava and
Gupta 1981a; Peregrine and Ahmad 1982; Sivanesan and
Holliday 1982; Shaw 1984; Urtiaga 1986; Sivanesan 1987;
Lenne 1990; Richardson 1990; Boa and Lenné 1994;
Thaung 2008.

Notes: Drechsler found that it was different from Helmin-
thosporium sensu lato but he did not separate it from the
genus. Later Boedijn (1933) transferred H. geniculatus and
other similar species to Curvularia. The species is hetero-
thallic and the sexual stage was formed in paired cultures
(Nelson 1964b). Tsuda et al. (1977) introduced the new genus
Pseudocochliobolus and transferred the species as P. genicu-
latus together with P. lunatus, P. nisikadoi, and P. specifer
based on the development of columnar to flat ascomata; or flat
stroma firmly adhering to the substrate at the base; and also
parallel to loosely coiled arrangement of ascomata in ascus.
These characters were thought to represent intra-specific
variation within Cochliobolus. Alcorn (1983a), however,
synonymized Pseudocochliobolus with Cochliobolus. The
discharge of ascospores of C. geniculatus is through splitting
of ascus (Alcorn 1981a) which is somewhat different from
the generic type species C. heterostrophus where ascospores
are released though a swelling of the ascus and circumcessile
rupture in the epical portion of the ascus wall (Alcorn 1981a).

Cochliobolus graminicola Alcorn, Proc. R. Soc. Qd. 107: 1
(1998)

= Curvularia graminicola Alcorn, Proc. R. Soc. Qd.
107: 2 (1998)

Holotype: BRIP 24308.
Hosts and disease: dead leaves of Triodia and Aristida,

and Lolium × multiflorum-perenne (Poaceae).
Distribution: Australia, New Zealand.
References: Pennycook 1989; Alcorn 1998.
Notes: Records on species distribution and phylogenetic

analysis are lacking. This species was introduced based on
morphology, and a phylogenetic analyses is necessary to
establish its distinctiveness.

Cochliobolus hawaiiensis Alcorn, Trans. Br. mycol. Soc.
70: 64 (1978)

= Bipolaris hawaiiensis (M.B. Ellis) J.Y. Uchida &
Aragaki, Phytopathology 69: 1115 (1979)

≡ Drechslera hawaiiensis Bugnic. ex M.B. Ellis,
Dematiaceous Hyphomycetes : 415 (1971)

≡ Drechslera hawaiiensis Bugnic. ex Subriam. & B.L.
Jain, [as ‘hawaiiense’], Curr. Sci. 35: 354 (1966)

≡ Helminthosporium hawaiiense Bugni, Rev. gén. Bot.
62: 238 (1955)

≡ Pseudocochliobolus hawaiiensis (Alcorn) Tsuda &
Ueyama, Mycologia 73: 92 (1981)

Holotype: IMI213864; Isotype: BRIP 12105.
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Hosts and diseases: Hypoestes forskaolii (Acanthaceae),
Cosmos bipinnatus, Dahlia variabilis (Asteraceae), Dian-
thus sp. (Caryophyllaceae), Cleome spinosa (Cleomaceae),
Bauhinia Lupinus, Glycine ussuriensis (Fabaceae), Quer-
cus sp. (Fagaceae), Juncus roemerianus (Juncaceae)
Artocarpus integra (Moraceae), Musa sp. (Musaceae),
Pandanus sp. (Pandanaceae), Bambusa sp., Cenchrus
setigerus, Chloris gayana, C. inflate, Cynodon dactylon,
C. transvaalensis, Digitaria decumbens, Hordeum vulgare,
Oryza sativa, Pennisetum sp., Saccharum officinarum,
Setaria italica, Sorghum sp., Triticum sp., Zea mays
(Poaceae) and soil. Causes leaf blights and leaf spots
(Subramanyam et al. 1990) and has been recorded as a
weak pathogen and a saprobe associated with rotten rice
kernels and seeds of Cajanus cajan. It has been recorded as
a human pathogen causing phaeohyphomycosis (Costa et
al. 1991) such as nasal phaeohyphomycosis (Koshi et al.
1987) and Corneal ulcer (Anandi et al. 1988). Bipolaris
hawaiiensis cause sinusitis and is more aggressive than the
other hyphomycete pathogens which cause sinusitis
(Fothergill 1996).

Distribution: This species is widespread throughout
tropical and subtropical regions including Australia, China,
Cuba, Denmark, Egypt, India, Hawaii, Kenya, Nepal, New
Zealand, Mozambique, Myanmar, Pakistan, Papua New
Guinea, South Africa, Tanzania, Thailand, and USA.

References: Alcorn 1978; Fell and Hunter 1979; Mishra
et al. 1981; Srivastava and Gupta 1981a; b; Sivanesan
1987; Matsushima 1989; Lenne 1990; Richardson 1990;
Boa and Lenné 1994; Bettucci et al. 1997; Caretta et al.
1999; Crous et al. 2000; Liu and Zhang 2004; Thaung
2008; Worapattamasri et al. 2009.

Notes: The morphologies of the ascomatal neck are
generally regarded as a generic feature of Cochliobolus
(Alcorn 1978; Sivanesan 1987). Studies with C. hawaiiensis
showed that this is not a fixed character as considerable
variation occurs in the neck of this species (i.e. ascomata neck
can vary from long cylindrical to short or in some ascomata
neck is absent) even when grown in the same conditions
(Alcorn 1978). Cochliobolus geniculatus, C. cymbopogonis
and C. lunatus have similar ascomata size to C. hawaiiensis,
but their Curvularia conidial states are distinguishable.

Cochliobolus heliconiae Alcorn, Aust. Syst. Bot. 9: 813 (1996)
= Bipolaris heliconiae Alcorn, Aust. Syst. Bot. 9: 814

(1996)
Ex -Holotype: BRIP 17349 a
Hosts and diseases: Cause lesions on Heliconia sp.

(Heliconiaceae)
References: Alcorn 1996
Notes: The species is heterothallic and ascomata are

produced in culture after mating. The species has not been

included in phylogenetic analyses. No additional distribu-
tion records can be found in the literature.

Cochliobolus heteropogonis Alcorn, Mycotaxon 39: 371
(1990)

= Curvularia heteropogonis Alcorn, Mycotaxon 39: 372
1990

Holotype: BRIP 16087; Isotype: IMI 335213.
Hosts and diseases: Heteropogon contortus, Cymbopogon

citratus (Poaceae). Highly pathogenic causing numerous
linear orange-brown lesions, which often coalesce resulting
leaf blight (Alcorn 1990).

Distribution: Australia.
References: Alcorn 1990.
Notes: This fungus was first isolated from a leaf of

Heteropogon contortus and identified as Curvularia andro-
pogonis (Zimm.) Boedjin (Alcorn 1990). However, conidial
dimensions and cell proportions (basal cell to second cell)
differed from those of C. andropogonis and the isolate
formed a sexual state in mating experiments. The species is
most similar to C. cymbopogonis; but differs in having a
much longer ostiolar neck, longer asci and larger asco-
spores. Ascospores are similar in length to those of C. akaii
(Alcorn 1990). Records of this species are few. As this
species is described only by morphologically this could be
easily misidentified. It is necessary to carry out a molecular
analysis of C. heteropogonis with similar species using type
derived sequences to show its phylogenetic distinctness.

Cochliobolus heterostrophus (Drechsler) Drechsler,
Phytopathology 24: 973 (1934)

= Bipolaris maydis (Y. Nisik. & C. Miyake) Shoemaker,
Can. J. Bot.: 882 (1959) ≡ Ophiobolus heterostrophus
Drechsler, Journal of Agricultural Research 31: 701 (1925)

≡ Helminthosporium maydis Nisikado and Miyake,
Journal of Plant Protection, Tokyo 13: 20–27 (1926)

≡ Drechslera maydis (Nisikado and Miyake) Subram
and Jain, Curr. Sci. 35: 354 (1966)

Holotype: BPI.
Hosts and disease: The species is recorded on a wide range

of hosts including Elaeis guineensis, E. indica (Arecaceae)
Dianthus caryophyllus (Caryophyllaceae) Vigna sinensis
(Fabaceae) Antirrhinum majus (Plantaginaceae) Brachiria
foliosa, Bothriochloa insculpta, Chloris virgata, C. gayana,
Coix lacryma-jobi, Cynodon dactylon, C. martini, C.
citrates, Dactyloctenium aegyptium, Digitaria ciliaris, D.
marginata, Echinochloa colonum, E. crus-galli, Eleusine
indica, Eriochloa procera, Euchalaena maxicana, Leersia
hexandra, Panicum bisulcatum, P. maximum, P. miliaceum,
P. palmifolium, Panicum reptan, Paspalum scrobiculatum,
Pennisetum glaucum, P. purpureum, Perotis indica, Rott-
boellia exaltata, Saccharum officinarum, Sorghum hale-

Fungal Diversity (2011) 51:3–42 21



penes, S. bicolor, Setaria barbata, S. homonyma, S. italica,
S. sphacelata, Triticum sp, Zea mays (Poaceae), Populus
deltoides (Salicaceae). Causes southern corn leaf blight.

Distribution: Australia, Bahamas, Bhutan, Bolivia, Brunei,
China, Congo, Cuba, Cyprus, Denmark, Egypt, Georgia,
Ghana, Guatemala, Guinea, Guyana, Hawaii, Hong Kong,
Jamaica, New Zealand, Nigeria, Malaysia, Malawi, Pakistan,
Panama, Papua New Guinea, Philippines, Samoa, South
Africa, Sudan, Swaziland, Taiwan, Thailand, USA, Vanuatu,
Yugoslavia, Zambia, Zimbabwe .

References: Drechsler 1934; Teodoro 1937; Dade 1940;
Boughey 1946; Sprague 1950; Mc Guire Jr and Crandall
1967; Misra and Prakash 1972; Williams and Liu 1976;
Gorter 1977; Anonymous 1979; Alfieri et al. 1984; Urtiaga
1986; Turner 1971; Hanlin et al. 1978; Sivanesan 1987;
Lenne 1990; Richardson 1990; Chauhan and Pandey 1992;
Crous et al. 2000; Deng and Zhang 2002.

Notes: Cochliobolus heterostrophus, the maize leaf spot
pathogen is the generic type of Cochliobolus. The taxon is
heterothallic (Nelson 1957). Two races of C. heterostro-
phus, Race T and O have been identified (Hooker et al.
1970). Both races are morphologically similar, but differ in
alleles at the host specific toxin locus (Tox 1) (Klittich and
Bronson 1986). Strains with TOX-1 allele (Race T) produce
T- toxin and cause spindle-shaped lesions on maize leaves
with T-cms cytoplasm (Texas male sterile cytoplasm);
strains with tox-1 do not produce T-toxin (Race O) and
cause small, parallel lesions on T-cms maize leaves
(Klittich and Bronson 1986).

Cochliobolus heveicola Tsukib. & W.H. Chung, Myco-
science 46: 20 (2005)

= Bipolaris heveae (Petch) Arx, Beih. Nova Hedwigia
87: 288 (1987)

≡ Drechslera heveae (Petch) M.B. Ellis, Dematiaceous
Hyphomycetes: 451 (1971)

≡ Helminthosporium heveae Petch, Ann. R. bot. Gdns
Peradeniya 3: 8 (1906)

Holotype: NIAES 20555.
Hosts and diseases: Hevea brasiliensis (Euphorbiaceae)

Cynodon dactylon, Distichlis spicata var. stricta, Zoysia
japonica, Panicum virgatum (Poaceae), Acer truncatum
(Sapindaceae).

Causes minute, orbicular purple spots with a brown
border on leaves of rubber (Hevea brasiliensis) and brown
stripe disease on leaves of Cynodon dactylon and Zoysia
japonica (Tsukiboshi et al. 2005). Cochliobolus heveicola
(as Bipolaris heveae) was also recorded as causing brown
stripe in the salt marsh grass Distichlis spicata var. stricta.

Distribution: Brazil, Cambodia, China, Congo, Ghana,
Guinea, Honduras, India, Indonesia, Japan, Malaysia,
Myanmar, Nicaragua, Panama, Papua NewGuinea, Philippines,
Sri Lanka, USA.

References: Dade 1940; Johnston 1960; Anonymous
1960; Litzenberger et al. 1962; Kranz 1963; Mc Guire Jr
and Crandall 1967; Shaw 1984; Zhuang 2001; Lang and
Tisserat 2005; Tsukiboshi et al. 2005; Piepenbring 2006;
Ghimire et al. 2011; Sun et al. 2011

Notes: Even though the anamorph is a common
pathogen in rubber (Hevea brasiliensis), the teleomorph
was first recorded from leaf lesions of Cynodon dactylon
and Zoysia japonica (Tsukiboshi et al. 2005).

Cochliobolus homomorphus Luttr. & Rogerson, Mycolo-
gia 51: 195 (1959)

= Bipolaris homomorphus (Luttr. & Rogerson) Subram.
ex Alcorn, Mycotaxon 16: 374 (1983)

≡ Helminthosporium homomorphus Luttr. & Rogerson,
Mycologia 51: 195 (1959)

≡ Drechslera homomorpha (Luttr. & Rogerson) Sivan,
The bitunicate ascomycetes and their anamorphs: 375 (1984)

Holotype: BPI, K.
Hosts and diseases: No disease records are known for

this species.
Distribution: USA.
References: Luttrell and Rogerson 1959.
Notes: The type strain of this species was obtained from air

with a paddy-rittis sampler located 175 ft high in Kansas State
College, USA. The teleomorph was obtained by inoculating the
conidial isolates into wheat straw partially embedded into Sach’s
agar medium (Luttrell and Rogerson 1959). Cochliobolus
homomorphus is one of the four homothallic species in the
genus. Cochliobolus homomorphus can be identified by its
unique arrangement of MAT locus (Yun et al. 1999).

Cochliobolus intermedius R.R. Nelson, Mycologia 52: 776
(1960)

= Curvularia intermedia Boedjin, Bull. Jard. bot.
Buitenz. III, 13:126 (1933)

Holotype: BPI, K.
Hosts and diseases: Worldwide distribution. Recorded from

Mangifera indica (Anacardiaceae), Tillandsia caput-medusae
(Bromeliaceae), Carica papaya (Caricaceae), Cupressus
arizonica (Cupressaceae), Glycine max, Phaseolus vulgaris
(Fabaceae), Cynodon dactylon, Dactyloctenium adscendens,
Digitaria adscendens, D. ciliaris, Ischaemum ciliare, Miscan-
thus sp., Oryza sativa, Thaumastochloa rariflora, Triticum
aestivum, Pennisetum sp., Saccharum sp., Sorghum vulgare, S.
bicolor subsp. drummondii, S. arundinaceum var. sudanense,
Zea mays, (Poaceae), Elettaria cardamomum (Zingiberaceae)

Causes disease of grasses resulting in some economical
losses when associated with Sudan grasses (Sorghum
bicolor subsp. drummondii) (Komoto et al. 1980).

Distribution: Australia, Brazil, Brunei, China, Guinea,
Hong Kong, India, Japan, Korea, Malaysia, Malawi, Papua
New Guinea, Tanzania, USA, Venezuela, Zimbabwe.
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References: Nelson 1960a; Turner 1971; Davis et al.
1972; Peregrine and Siddiqi 1972; Jones 1976; Hanlin et al.
1978; Matsushima 1980; Bhale and Khare 1982; Peregrine
and Ahmad 1982; Grand 1985; Urtiaga 1986; Sivanesan
1987; Shivas 1989; Lenne 1990; Miller 1991; Richardson
1990; Hyde and Alcorn 1993; Mendes et al. 1998; Zhuang
2001; Cho and Shin 2004; Liu and Zhang 2004.

Notes: Cochliobolus intermedius is heterothallic and the
teleomorph is obtained by pairing compatible isolates on
Sach’s agar medium (Nelson 1960a). C. intermedius is a
potential herbicide against crab grasses and some other
specific grass plants (Zhu et al. 2004) and for susceptible
weed grasses in crops such as cotton, soybean, and peanut
(Tilley and Walker 2002).

Cochliobolus kusanoi (Y. Nisik.) Drechsler ex Dastur,
Indian J Agr Res 12: 733 (1942)

=Bipolaris kusanoi (Y. Nisik.) Shoem., Can. J. Bot. 37:
883 (1959)

≡ Drechslera kusanoi (Y. Nisik.) Subram. & P.C. Jain,
Curr. Sci. 35: 354 (1966)

≡ Helminthosporium kusanoi Y. Nisik, J. Jap. Bot. 4:
108 (1929)

≡ Ophiobolus kusanoi Y. Nisik., J. Jap. Bot. 4: 99 (1929)
Hosts and disease: Eragrostis cilianensis, E. multicaulis,

E. pilosa (Poaceae). Causes sooty heads on Eragrostis
species.

Distribution: Japan, Sudan, USA.
References: Drechsler 1942; Rogerson 1958; Sivanesan

1984, 1987.
Notes: The asexual state has long conidiophores which

are nearly nodulose from the base, and resemble the long
conidiophores produced on seed heads by B. nodulosa, thus
the sexual state of Cochliobolus kusanoi belongs to the
nodulosus group of the genus Bipolaris. C. kusanoi is
homothallic.

Cochliobolus lunatus R.R. Nelson & F.A. Haasis, Myco-
logia 56: 316 (1964)

= Curvularia lunata (Wakker) Boedijn, Bull. Jard. bot.
Buitenz, 3 Sér. 13: 127 (1933)

≡ Acrothecium lunatum Wakker, Wakker & Went, De
Ziektan van het Suikerriet op Java: 196 (1898)

≡ Pseudocochliobolus lunatus (R.R. Nelson & F.A.
Haasis) Tsuda, Ueyama & Nishih, Mycologia 69: 1118
(1978) [1977]

≡ Helminthosporium caryopsidum Sacc, Annls mycol.
12: 313 (1914)

≡ Helminthosporium sudanensis Cif. and Frag, Bol. R.
Soc. Espana Hist. Nat. 26: 497 (1926)

≡ Curvularia caryopsidum (Sacc.) S.C Teng., Fungi of
China: 760 (1963)

Holotype: BPI 626381.

Hosts and diseases: Justicia adhatoda (Acanthaceae),
Polianthes tuberosa (Asparagaceae), Amaranthus gangeticus
(Amaranthaceae), Allium sativum, A. tuberosum (Amarylli-
daceae), Mangifera indica (Anacardiaceae), Cocos nucifera,
Trachycarpus fortunei, Elaeis guineensis (Arecaceae), Dra-
caena sp. (Asparagaceae), Cosmos bipinnatus (Asteraceae),
Impatiens balsamina (Balsaminaceae), Annasas comosus,
Billbergia sp. (Bromeliaceae), Hylocereus polyrhizus (Cacta-
ceae), Casuarina equisetifolia (Casuarinaceae) Cecropia
schreberiana (Cecropiaceae), Gloriosa abyssinica (Colchica-
ceae), Thuja orientalis (Cupressaceae), Hevea brasiliensis,
Manihot esculenta, Ricinus communis (Euphorbiaceae),
Arachis villosa, Cajanus cajan, Cassia surattensis, Centro-
sema pubescens, Crotalaria juncea, C. micans, Lablab
purpureus, Lens culinaris, Leucaena leucocephala, Macro-
tyloma uniflorum, Medicago sativa, Erythrina variegate,
Glycine max, Phaseolus vulgari, Tephrosia purpurea, Senna
tora, Vigna adenantha, V. unguiculata (Fabaceae), Hydrilla
verticillata (Hydrocharitaceae), Gladiolus communis (Irida-
ceae), Ocimum sp. (Lamiacaeae), Cinnamomum zeylanicum
(Lauraceae), Gossypium hirsutum, G. barbadense, Pachira
macrocarpa, Urena lobata, U. sinuate (Malvaceae), Musa
nana (Musaceae), Syzygium aromaticum (Myrtaceae), Jasmi-
num sambac (Oleaceae), Phalaenopsis amabilis (Orchid-
aceae), Oxalis sp. (Oxalidaceae), Pinus densiflora
(Pinaceae), Piper aduncum, P. nigrum (Piperaceae), Rosa
sp. (Rosaceae), Citrus sinensis (Rutaceae), Populus sp.
(Salicaceae) Boehmeria nivea (Urticaceae), Andropogon
sorghum, Avena sativa, Axonopus compressus, A. affinis,
Bambusa vulgaris, Brachiaria mutica, Cenchrus brownie,
Cynodon dactylon, Cymbopogon ambiguous, C. citrates,
Dactyloctenium aegyptium, Digitaria sanguinalis, D.
horizontalis, Echinochloa colona, Eragrostis tenella,
Hemarthria altissima, H. fasciculate, Heteropogon con-
tortus, Ischaemum villosum, I. aristatum Oryza sativa,
Panicum maximum var. trichoglume, Paspalum sp, P.
frumentaceum, P. miliaceum, Pennisetum subangustum, P.
typhoides, P. americanum, P. purpureum, Phyllostachys
bambusoides, Rottboellia exaltata, Sporobolus pyramida-
lis, Saccharum officinarum, Setaria italica, Sorghum
vulgare, S. plumosum, S. bicolor, S. sudanense, Triticum
sp., Typha angustata, Zea mays (Poaeceae), Kaempferia
galangal, Curcuma longa (Zingiberaceae). Cochliobolus
lunatus causes leaf spots and seedling blights on some of
host species listed above. C. lunatus is well known as a
facultative pathogen which cause seed germination failure
and seedling blights of cereals and other monocotyledon-
ous crops (Sivanesan 1987).

The species also causes disease in humans, such as
mycotic keratitis in the eyes, allergic bronchopulmonary
disease and allergic fungal sinusitis.

Distribution: Occurrence throughout every continent ex-
cept Antarctica, Australia, Bolivia, Brazil, Brunei, Cambodia,
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Cameroon, Canada, China, Costa Rica, Cote d’Ivoire, Cuba,
El Salvador, Eritrea, Ethiopia, Ghana, Guinea, India, Jamaica,
Japan, Kenya, Korea, Malaysia, Mauritius, Myanmar,
Nigeria.

References: Castellani and Ciferri 1937; Dade 1940;
Wiehe 1948; Hughes 1953; Resplandy et al. 1954; Johnston
1960; Nattrass 1961; Litzenberger et al. 1962; Farr and
Stevenson 1963; Kranz 1963; Nelson and Haasis 1964;
Kranz 1965; Mc Guire Jr and Crandall 1967; Orieux and
Felix 1968; Sarbhoy et al. 1971; Turner 1971; Ellis and
Gibson 1975; Matsushima 1975; Williams and Liu 1976;
Liu 1977; Williams and Liu 1976; Wellman 1977; Tai
1979; Sharma et al. 1981; Srivastava and Gupta 1981b;
McAleer et al. 1981; Peregrine and Ahmad 1982; Arnold
1986; Urtiaga 1986; Sivanesan 1987; Macmillan et al.
1987; Shivas 1989; Lenne 1990; Richardson 1990; Hyde
and Alcorn 1993; Boa and Lenné 1994; Teng 1996; Msikita
et al. 1997; Mendes et al. 1998; Caretta et al. 1999; Xi et al.
2000; Zhuang 2001; Delgado-Rodriguez et al. 2002; Taylor
and Hyde 2003; Cho and Shin 2004; Liu and Zhang 2004;
Kobayashi 2007; Thaung 2008; Hawa et al. 2009.

Notes: Wakker and Went (1898) described the asexual
state of Cochliobolus lunatus from dead leaves of sugar
cane as Acrothecium lunatum. Later, Boedijn (1933)
introduced Curvularia to include some species of Acrothe-
cium, with Acrothecium lunatum chosen as the generic type
and renamed Curvularia lunata. The species is similar to C.
trifolii in spore size (Parmelee 1956). Ellis (1966) described
a new variety C. lunata var. aeria, which differed from the
type in forming regular and abundant stromata in culture
and having zonate colonies on potato dextrose agar. No
sexual state is known for this variety. Tsuda and Uyama
(1977) transferred the sexual stage of Curvularia lunatus
into Pseudocochliobolus. The characters used to separate
there genera were, however, considered doubtful and thus
Cochliobolus lunatus was regarded as the appropriate name
by Alcorn (1983a). Cochliobolus lunatus has also been
recorded as a saprotroph. Saprobic soil inhabiting C. lunatus
has caused various infections in humans (Rohwedder et al.
1979). C. lunatus is also used in bio-control of weeds
(Motlag 2011).

Cochliobolus luttrellii Alcorn, Mycotaxon 39: 377 (1990)
= Bipolaris luttrellii Alcorn, Mycotaxon 39: 378 (1990)
Holotype: BRIP 14791; Isotype: IMI 335215.
Hosts: Sexual state found on the leaves of Dactyloctenium

aegyptium (Poaceae).
Distribution: Australia.
References: Alcorn 1990.
Notes: The species is homothallic. Formation of ascomata

is light dependent this is similar to other homothallic species
in the genus such asC. hormomophus and C. kusanoi (Alcorn
1990). All self compatible species in the genus including C.

luttrellii carry both MAT genes in one nucleus and their
order is unique for each species (Yun et al. 1999).

Cochliobolus melinidis Alcorn, Mycotaxon 15: 5 (1982)
= Bipolaris melinidis Alcorn, Mycotaxon 15: 7 (1982)
≡ Drechslera curvispora El Shafie, Trans. Br. Mycol.

Soc. 78: 545 (1982)
≡ Bipolaris curvispora (El Shafie) Sivan., Myco. Pap.

158: 47 (1987)
≡ Drechslera pluriseptata Khetarpal, Nath & Lal, Ind.

Phytopath. 37: 320 (1984)
Holotype: BRIP 12764.
Hosts and diseases: Melinis minutiflora, Panicum maxi-

mum, Setaria anceps, Triticum aestivum, Oryza sativa
(Poaceae). This species causes leaf spots on all above hosts.
Sometimes can be found on inflorescences and commercial
seed samples of Melinis minutiflora (Sivanesan 1987).

Distribution: Australia, Brazil, Costa Rica, India, Paraguay.
References: Alcorn 1982; Sivanesan 1987; Farias et al.

2011.
Notes: The conidiophores of the asexual state of

Cochliobolus melinidis are similar to those of C. hetero-
trophus (Alcorn 1982). But ascocarps of Cochliobolus
heterotrophus are smaller than those of C. melinidis, also
the later species have shorter asci and the beak is longer and
more or less cylindrical in the former species (Alcorn
1982). Mating was carried out to evaluate the possibility
that C. melinidis could be a different taxon (Alcorn 1982).
Ascospores were formed after pairing C. melinidis with C.
heterotrophus, which were black and globose with a short
beak. As these ascomata differ from those of C. hetero-
strophus, the two taxa were suggested to be closely related,
but distinct. Thus, C. melinidis was introduced to accommo-
date the fungus on Melinis (Alcorn 1982). Phylogenetic
analysis using type derived sequences of C. melinidis and C.
heterostrophus should be used to distinguish two species.

Cochliobolus miakei I. Hino & Katum, J. Jap. Bot. 41: 292
(1966)

Holotype: YAM.
Hosts: Eragrostis sp., Pleioblastus argenteo, P. distichus

var. nezasa, Sasa senanensis (Poaceae).
Distribution: Ethiopia, Japan.
References: Hino and Katum 1966; Richardson 1990;

Eriksson and Yue 1998; Kobayashi 2007.
Notes: There are very few records of this species even

though it was described 45 years ago. There are no type
derived sequences and species has not been included in
phylogenetic analyses. Molecular analysis using type derived
sequences are essential to establish if this is a distinct species.

Cochliobolus microlaenae Alcorn, Mycotaxon 39: 381
(1990)
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= Bipolaris microlaenae Alcorn, Mycotaxon 39: 382
(1990)

Holotype: BRIP 16363; Isotype: IMI 335217.
Hosts and diseases: Microlaena stipoides (Poaceae).

Causes small dark leaf spots.
Distribution: Australia.
Reference: Alcorn 1990.
Notes: Cochliobolus microlaenae can be distinguished

from most other Cochliobolus species on the basis of
ascomata, ascus and ascospore dimensions. Only the ascus
width is similar to that of C. sativus and C. victoriae. This
species has not been recorded since it was introduced. The
species was not used in the previous phylogenetic analysis
and there are no type derived sequences. Recollection and
analysis of epitype derived sequences are needed to
establish if this is a distinct species.

Cochliobolus miyabeanus (S. Ito & Kurib.) Drechsler ex
Dastur, Indian Journal of Agricultural Research 12: 733 (1942)

= Bipolaris oryzae (Breda de Haan) Shoemaker, Can. J.
Bot. 37: 883 (1959)

=Bipolaris oryzae Sawada, Can. J. Bot. 37: 883 (1959)
≡ Drechslera oryzae (Breda de Haan) Subram. & B.L.

Jain, Can. J. Bot. 37: 883 (1959)
≡ Helminthosporium macrocarpum Grev, Scott. crypt.

fl., 2: 148 (1824) [1825]
≡ Helminthosporium oryzae Breda de Haan, Bulletin

Inst. Bot. Buitenzorg 6: 11 (1900)
≡ Luttrellia oryzae (Breda de Haan) Gornostaĭ [as

‘Lutrellia’], in Azbukina et al. (eds), Vodorosli, Griby i
Mkhi Dal’nego Vostoka (Vladivostok): 81 (1978)

≡ Ophiobolus miyabeanus S. Ito & Kurib, Proc. Imp.
Acad. Hokkaido Imp. Univ 6 (1927)

≡ Spondylocladium macrocarpum (Grev.) G. Arnaud,
Bull. trimest. .Soc. mycol. Fr. 69: 288 (1954) [1953]

Hosts and diseases: Cosmos bipinnatus (Asteraceae),
Cordia trichotoma (Boraginaceae), Alopecurus aequalis, A.
geniculatus, Eleusine indica, Ischaemum rugosum, Leersia
hexandra, Oryza australiensis, O. glaberrima, O. latifolia,
O. sativa, O. rufipogon, Panicum colonum, P. maximum, P.
virgatum, Setaria italica, Triticum aestivum, Zea mays,
Zizania palustris, Z. aquatic (Poaceae). Causes brown
spots and seedling blights of rice (Oryza sativa). Leaf
lesions are ovoid (up to 1 cm long) and brownish or rarely
purplish at the beginning. Later turn white or grey and
coalescing to form target spots on leaves. Roots, seeds and
seedlings can be infected.

Distribution: Australia, Bangladesh, Bhutan, Bolivia, Bra-
zil, Brunei, Cambodia, Cameroon, China, Colombia, Costa
Rica, Cote d’Ivoire, Cuba, Dominican Republic, Egypt, Fiji,
France, Gambia, Ghana, Greece, HongKong, India, Indonesia,
Iran, Italy, Jamaica, Japan, Korea, Malawi, Malaysia, Maur-
itius, Mexico, Myanmar, Nepal, New Zealand, Nicaragua,

Nigeria, Pakistan, Papua New Guinea, Philippines, Puerto
Rico, Sierra Leone, Solomon Islands, Sri Lanka, South Africa,
Sudan, Taiwan, Tanzania, Thailand, Togo, Turkey, Uganda,
Venezuela, Yugoslavia, Zambia, Zimbabwe.

References: Chardon and Toro 1930; Deighton 1936;
Teodoro 1937; Dade 1940; Larter and Martyn 1943;
Boughey 1946; Sprague 1950; Baker and Dale 1951;
Stoner 1951; Thompson and Johnston 1953; Resplandy et
al. 1954; Green 1958; Parris 1959; Sawada 1959; Anony-
mous 1960; Riley 1960; Ciferri 1961; Bean and Schwartz
1961; Litzenberger et al. 1962; Kranz 1963; Schroeder
1964; Mc Guire Jr and Crandall 1967; Ahmad 1969;
Dennis 1970; Ellis 1971; Sarbhoy et al. 1971; Turner 1971;
Firman 1972; Pantidou 1973; Aulakh et al. 1974; Steven-
son 1975; Alvarez 1976; Kernkamp et al. 1976; Williams
and Liu 1976; Gorter 1977; Ueyama and Tsuda 1977;
Ahmad 1978; Tai 1979; Matsushima 1980; Cholil and De
Hoog 1982; Percich and Nickleson 1982; Imolehin 1983;
Shaw 1984; Arnold 1986; Urtiaga 1986; Sivanesan 1987;
French 1989; Shivas 1989; Lenne 1990; Richardson 1990;
Dahal et al. 1992; Johansen and Percich 1992; Jones et al.
1993; Nyvall et al. 1995; Teng 1996; Ahmad et al. 1997;
Mendes et al. 1998; Kihara et al. 1998; Guo 1999; Crous et
al. 2000; Zhuang 2001; Deng and Zhang 2002; Cho and
Shin 2004; Krupinsky et al. 2004; Zhuang 2005; Paz et al.
2006; Piepenbring 2006; Thaung 2008; Bobev 2009;
Peterson and Balbalian 2010.

Notes: Bipolaris oryzae, the asexual state of Cochliobolus
miyabeanus has conidia with either light or dark hila, but in
most cases both biotypes are mixed in cultures and there can
be considerable variations in the conidial morphology
(Sivanesan 1987). Wild type C. miyabeanus form dark green
colonies whereas mutants, which are defective in melanin
biosynthesis, form grey colonies (Kubo et al. 1989). The
phytotoxins Ophiobolin A and Ophiobolin B are produced in
cultural media (Xio et al. 1991). The most favorable
temperature for ascospore formation is 20–24°C (Tsuda and
Ueyama 1975), however the sexual stage is not common in
nature (Kulkarni et al. 1980). The species is heterothallic. C.
miyabeanus is a soil inhabiting plant pathogen and can
survive in dry soil for about 4–6 weeks. Seed-borne
pathogens may cause pre-emergence death of seedlings
(Kulkarni et al. 1980). Some myxobacteria can cause small
perforation and etched hollows on the mycelial and conidial
walls and suppress the fungal growth to some extent
(Homma 1984). As this is an important pathogen which
causes severe economical loss, many fungicides and biocon-
trol measures have been tested for use against C. miyabeanus
(Amadioha 2002; Manandhar et al. 1998).

Cochliobolus neergaardii Alcorn, Mycotaxon 39: 385 (1990)
= Bipolaris neergaardii (Danquah) Alcorn, Mycotaxon

17: 68 (1983)
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≡ Drechslera neergaardii Danquah, Trans. Br. mycol.
Soc. 64: 545 (1975)

Holotype: BRIP 16385; Isotype: IMI 335219.
Hosts: Hibiscus esculentus (Malvaceae), Oryza sativa

(Poaceae).
Distribution: Australia, Ghana, Saudi Arabia.
References: Sivanesan 1987; Alcorn 1990.
Notes: Only the asexual state of C. neergaardii has been

found in nature, the teleomorph connection was demonstrat-
ed by Alcorn (1990) after mating experiments. There have
been no records of C. neergaardii since 1990 and it has not
been included in any previous phylogenetic analysis.

Cochliobolus nisikadoi (Tsuda, Ueyama & Nishih.)
Alcorn, Mycotaxon 16: 373 (1983)

= Bipolaris coicis (Nisikado) Shoemaker, Can. J. Bot.
37: 883 (1959)

≡ Curvularia coicis Castell, NuovoG. bot. Ital 62: 554 (1955)
≡ Pseudocochliobolus nisikadoi Tsuda, Ueyama &

Nishihara, Mycologia 69: 1117 (1977)
≡ Helminthosporium coicis Nisikado, Sp. Rep. Ohara

Inst. Agric. Res. 4: 136 (1928)
≡ Drechslera coicis (Nisikado) Subram. & Jain, Curr.

Sci. 35: 354 (1966)
Holotype: TNSF 193037; Isotypes: BPI, CUP, IMI, L;

Paratype: TNSF 193038.
Hosts and diseases: Coix lachrymal, Thysanolaena

maxima, Zea mays (Poaceae). Causes leaf blight on Coix
species. Leaf spots are brown and elongated, sometimes
reaching half of the length of the leaf, sporulation occurs on
leaves and inflorescences.

Distribution: Brunei, India, Papua New Guinea.
References: Alcorn 1983a; Sivanesan 1987.
Notes: Two isolates of Helminthosporium coicis formed

the sexual stage in artificial media and Cochliobolus
nisikadoi was originally described as Pseudocochliobolus
nisikadoi (Tsuda and Uyama 1977). Later Pseudocochliobo-
lus was placed in synonymy with Cochliobolus (Alcorn
1983a). Occurrence of sexual stage in nature is not common;
however, formation of the sexual stage in vitro is possible
(Kim and Yang 1998). The species is heterothallic.

Cochliobolus nodulosus Luttr., Phytopathology 47: 547 (1957)
= Bipolaris nodulosa (Berk. & M.A. Curtis) Shoemaker,

Can. J. Bot. 37: 883 (1959)
≡ Bipolaris leucostyla (Drechsler) Shoemaker, Can. J.

Bot. 37: 883 (1959)
≡ Drechslera nodulosa (Berk. & M.A. Curtis ex Sacc.)

Subram. & B.L. Jain, Curr. Sci. 35: 354 (1966)
≡ Helminthosporium leucostylum Drechsler, Journal of

Res. 24: 711 (1923)
≡ Helminthosporium nodulosum Berk. & M.A. Curtis,

Syll. Fung. 4: 421 (1886)

≡Helminthosporium nodulosum var. tritici Patel, Kamat
& Y.A. Padhye, Indian Phytopath. 6: 25 (1954)

≡ Helminthosporium nodosum Berk. & M.A. Curtis in
Berk, Grevillea 3: 102 (1875)

Holotype: BPI, K.
Hosts and diseases: Cassia siamea (Fabaceae), Digitaria

sp., Eleusine africana, E. compressa, E. coracana, E. indica,
Eragrostis pilosa, Paspalum sp., Pennisetum clandestinum
(Poaceae). On Eleusine indica cause seedling blight,
spotting and stripping on leaves and sooty heads of
inflorescences. Young seedlings are killed, shriveled and
blackened with conidiophores and conidia of the fungus. In
moist weather, lesions are covered with a compact layer of
short conidiophores and conidia and closely resemble stripe
smut symptoms. Infected inflorescences are stunted and do
not produce viable seeds (Luttrell 1957).

Distribution: Australia, Ethiopia, Georgia, India, Kenya,
Malaysia, Mauritius, New Zealand, Nigeria, Pakistan, Papua
New Guinea, Sierra Leone, South Africa, Tanzania, Uganda,
Zambia.

References: Luttrell 1957; Riley 1960; Hanlin 1963;
Sarbhoy et al. 1971; Turner 1971; Sivanesan 1987;
Richardson 1990; Crous et al. 2000.

Notes: There was confusion as to the asexual state of
Cochliobolus nodulosus as it was classified as Helminthospo-
rium nodulosum. An entirely different fungus was referred to
as H. nodulosus by Nisikado (1928), Butler (1918) and (Mitra
and Meheta 1934). Other species such as H. leucostylum
Drechsler (Drechsler 1923), H. kusanoi and H. hadrotri-
choides (Ellis & Everh.) (Sprague 1950) appear to be closely
related to H. nodulosus (Luttrell 1957). Luttrell (1957) also
found that the species described by Mitra and Meheta (1934)
was different to H. nodulosum. Drechsler (1923) found that
H. leucostylum was similar to H. nodulosum and they were
made synonymous. Even though the type material of H.
hadrotrichoides was inadequate Sprague (1950) synonymized
it with H. leucostylum. Nisikado (1928) reported on the
distinctness between H. nodulosus and H. kusanoi based on
mating and pathogenicity tests. The sexual state Cochliobolus
nodulosa was produced in culture but is uncommon in nature.
C. nodulosa and C. kusanoi are very similar in morphology
and the former species differs only by shorter conidia, fewer
conidial septa and a shorter length to width ratio. The asexual
state of C. nodulosa has similar morphology to Bipolaris
hadrotrichoides, but the former species differs by consistent
3-septate conidia and prominently swollen tips of its
conidiophores (Luttrell 1957). Three closely related species,
asexual states of C. nodulosa, C. kusanoi and Bipolaris
hadrotrichoides form the nodulosa group of the genus
Bipolaris. The three species share many morphological
similarities (Luttrell 1969).

Cochliobolus oryzae-sativae Sivan
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Holotype: IMI 289758.
Hosts: Oryza sativa (Poaceae).
Distribution: Argentina.
Notes: Index Fungorum refers to Cochliobolus oryzae-

sativae Sivan. but in the original description the species is
referred to as a Curvularia oryzae-sativae without a
Cochliobolus teleomorph. There has been no mention of
Curvularia oryzae-sativae in the literature following its
introduction in 1987. This species is differentiated from
other species by morphology and phylogenetic analysis is
needed to infer its relationship with other species.

Cochliobolus ovariicola Alcorn, Mycotaxon 39: 388 (1990)
= Bipolaris ovariicola Alcorn, Mycotaxon 15:45 1982
Holotype: BRIP 15917; Isotype: IMI 335220.
Hosts: Eragrostis bahiensis, E. interrupta (Poaceae).
Distribution: Australia.
References: Alcorn (1990).
Notes: The sexual state was obtained by mating experi-

ments in culture. The species has not been included in
previous phylogenetic studies. This species is differentiated
by morphology and phylogenetic analysis is needed to infer
its relationships.

Cochliobolus pallescens (Tsuda & Ueyama) Sivan, Mycol.
Pap. 158: 118 (1987)

= Curvularia pallescens Boedijn, Bull. Jard. bot.
Buitenz, 3 Sér. 13: 127 (1933)

≡ Pseudocochliobolus pallescens Tsuda & Ueyama,
Mem Col Agr, Kyoto Imperial University 122: 86 (1983)

≡ Curvularia leonensis M.B. Ellis, Mycol. Pap. 106: 28
(1966)

Holotype: TNSF 197849, CUP.
Hosts and diseases: Recorded from many plant families,

Such as Liquidambar macrophylla (Altingiaceae), Amar-
anthus gangeticus (Amaranthaceae), Allium odorum
(Amaryllidaceae), Mangifera indica (Anacardiaceae),
Colocasia esculenta (Araceae), Elaeis guineensis (Areca-
ceae), Dahlia variabilis, Gaillardia picta (Asteraceae),
Cocos nucifera, Bursera simaruba (Burseraceae), Gloriosa
superba (Colchicaceae), Citrullus vulgaris (Cucubitaceae),
Cyperus antillanus (Cyperaceae) Hevea brasiliensis, Rici-
nus communis (Euphorbiaceae), Arachis hypogaea, Bahu-
nia sp., Cajanus cajan, Centrosema plumier, C. pubescens,
Glycine max, Lens culinaris, Phaseolus vulgaris, Psopho-
carpus tetragonolobus Senna occidentalis, S. tora, Stylo-
santhes guianensis, Vicia faba (Fabaceae), Quercus
germane, Q. xalapensis (Fagaceae), Gmelina arborea
(Lamiaceae), Punica granatum (Lythraceae), Ceiba pen-
tandra, Urena sinuata (Malvaceae), Stephania abyssinica
(Menispermaceae), Eucalyptus globules, E. tereticornis
(Myrtaceae), Bougainvillea spectabilis (Nyctaginaceae),
Pinus patula, P. caribaea, P. elliottii, P. merkusi, P.

taiwanensis (Pinaceae), Axonopus compressus, Bambusa
tuldoides, Brachiaria dictyoneura, B. humidicola, B.
mutica, Chloris gayana, Cymbopogon Citrates, Cynodon
dactylon, Dactyloctenium aegyptium, Digitaria horizonta-
lis, Echinochloa colona, E. mexicana, Imperata cylindrica,
Oryza sativa, Panicum laxum, P. maximum, P. miliaceum,
Paspalum scrobiculatum, Pennisetum pedicellatum, P.
polystachion, P. purpureum, P. typhoides, Rottboellia
exaltata, Schizachyrium hirtiflorum, Setaria anceps, S.
glauca, S. italica, S. sphacelata, Sorghum arundinaceum,
S. bicolor, S. halepense, Sporobolus poireti, Stenotaphrum
secundatum, Zea mays (Poaceae), Fagopyrum sp. (Polyg-
onaceae), Citrus sinensis (Rutaceae), Cupania macrophylla
(Sapindaceae), Capsicum annuum, Lycopersicon esculen-
tum, Solanum tuberosum (Solanaceae), Alpinia zerumbet
(Zingiberaceae). Causes leaf spots, rots on some of above
hosts. Also recorded from soil. Sometimes recorded as a
human pathogen causing cutaneous phaeohyphomycosis.

Distribution: Australia, Barbados, Brazil, Colombia,
Cuba, Denmark, Guinea, Guyana, Hong Kong, India,
Indonesia, Jamaica, Pakistan, Malaysia, Malawi, Mexico,
Myanmar, Nepal, Nigeria, Pakistan, Samoa, Saudi Arabia,
Sierra Leone, South Africa, Sri Lanka, Tanzania, Thailand,
Togo, Uruguay, USA, Venezuela, West indies, Zambia,
Zimbabwe.

References: Nattrass 1961; Goos 1963; Kranz 1963;
Conners 1967; Turner 1971; Sarbhoy et al. 1971; Peregrine
and Siddiqi 1972; Norse 1974; Wallbridge and Pinegar
1975; Williams and Liu 1976; Liu 1977; Ebbels and Allen
1979; Gulya et al. 1979; Peregrine and Ahmad 1982; Sierra
1984; Arnold 1986; Manoch et al. 1986; Urtiaga 1986;
Sivanesan 1987; Madhukar and Reddy 1988, Shivas, Lenne
1990; Richardson 1990; Khare 1991; Dahal et al. 1992;
Bettucci and Saravay 1993; Vittal and Dorai 1994; Berg et
al. 1995; Agrawal and Singh 1995; McKenzie 1996;
Mendes et al. 1998; Caretta et al. 1999; Crous et al. 2000;
Lu et al. 2000; Minter et al. 2001; Zhuang 2001; Delgado-
Rodriguez et al. 2002; Thaung 2008; Dadwal and Verma
2009; Yassin et al. 2010.

Notes: The sexual state was obtained on Sach’s agarmedium
inmating experiments, and is uncommon in nature. The species
was not included in previous phylogenetic analysis.

Cochliobolus palmivora P.N. Rao & Chaudhury, Myco-
path. 23: 38 (1964)

Holotype: K.
Hosts and disease: Livistona chinensis (Arecaceae).

Causes leaf spots
Distribution: India.
References: Rao and Chaudhury 1964.
Notes: The sexual state of Cochliobolus palmivora was

observed in nature. We could not find any record of this
species after the first publication in 1964. This species is
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differentiated from other species by morphology and
phylogenetic analysis is needed to infer its relationship
with other species.

Cochliobolus peregianensis Alcorn, Mycotaxon 15: 9
(1982)

= Bipolaris peregianensis Alcorn, Mycotaxon 15: 9
(1982)

Holotype: BRIP 12790; Isotypes: IMI 264355, DAR 35057.
Hosts and diseases: Cynodon dactylon, Zea mays

(Poaceae). Causes leaf lesions (oblong–elliptical dark
purplish 2×1 mm).

Distribution: Australia.
References: Alcorn 1982; Sivanesan 1987.
Notes: The asexual state of C. peregianensis is similar to

that of C. cynodontis, but conidia of the latter species are
smaller, paler, more septate and less curved than those of C.
peregianensis (Alcorn 1982). Cochliobolus peregianensis is
heterothallic and the teleomorph was obtained after mating
in cultures. C. peregianensis is closely related to C.
miyabeanus, which is a common pathogen of rice.

Cochliobolus perotidis Alcorn, Mycotaxon 15: 11 (1982)
= Bipolaris perotidis Alcorn, Mycotaxon 15: 13 (1982)
Holotype: BRIP 12804.
Hosts and diseases: Aristida behriana, Cenchrus setigerus,

Digitaria smutsii, Eragrostidis brownii, Heteropogon triti-
ceus, Perotis rara, Rottboellia exaltata, Triticum aestivum,
Zea mays (Poaceae). Recorded as a saprobe and pathogen
that causes leaf lesions.

Distribution: Australia.
References: Alcorn 1982; Sivanesan 1987; Lenne 1990
Notes: There are no reports of C. perotidis since its

description in 1982. According to Alcorn (1982), the
asexual state of C. perotidis is similar to the unnamed
anamorph of C. tritici. However an anamorph was not
observed on the type material of C. tritici (Alcorn 1982) to
compare with the anaorph of C. perotidis .

Cochliobolus ravenelii Alcorn, Mycotaxon 13: 341
(1981)

=Bipolaris ravenelii (M.A. Curtis) Shoemaker, Can. J.
Bot. 33: 884 (1959)

≡ Drechslera ravenelii (M.A. Curtis) Subram. & B.L.
Jain, Curr. Sci. 35: 354 (1966)

≡ Helminthosporium hoffmannii Berk. [as ‘hoffmanni’],
Intr. crypt. bot. : 298 (1857)

≡Helminthosporium ravenelii M.A. Curtis ex Berk, J.
Linn. Soc., Bot. 10: 360 (1868) [1869]

≡ Helminthosporium tonkinense P. Karst. & Roum,
Revue mycol., Toulouse 12: 78 (1890)

≡ Heterosporium callospermum Speg, Anal. Soc. cient.
argent. 22: 213 (1857)

≡ Napicladium ravenelii (M.A. Curtis) Speg, Anal. Soc.
cient. argent. 26: 71 (1888)

Holotype : BRIP 13165; Paratype: BRIP 13027, BRIP
13028.

Hosts and diseases: Cirsium arvense (Asteraceae), Axo-
nopus affinis, Bromus ciliates, Eleusine indica, Eragrostis
interrupta, E. pilosa, Sporobolus africanus, S. berteroanus,
S. capensis, S. diander, S. elongates, S. fertilis, S. indicus, S.
poiretii, S. pyramidalis, Sporobolus fimbriatus, S. poiretii, S.
pyramidalis, S. tenacissimus, Panicum auritum, P. caesium,
Sporobolus cryptandrus, S. diandrus, S. neglectus, S. poiretii
(Poaceae). Usually causes false smut disease (black mold
like appearance) on above grass species.

Distribution: Australia, Brazil, China, Colombia,
Costa Rica, Georgia, Ghana, Hawaii, Hong Kong,
India, Jamaica, Kenya, Malawi, Malaysia, Mauritius,
Myanmar, New Zealand, Nepal, Papua, New Guinea,
Georgia, Ghana, Philippines, Singapore, Sri Lanka,
South Africa, Taiwan, Turkey, Uruguay, UK, USA,
Venezuela, Zambia.

References: Stevens 1925; Chardon and Toro 1930;
Teodoro 1937; Wolf et al. 1938; Dade 1940; Greene 1944;
Wiehe 1948; Doidge 1950; Greene 1950; Sprague 1950;
Hughes 1952; Thompson and Johnston 1953; Parris 1959;
Anonymous 1960; Ciferri 1961; Simmonds 1966; Whiteside
1966; Orieux and Felix 1968; Benjamin and Slot 1969;
Cooke 1971; Turner 1971; Peregrine and Siddiqi 1972;
Stevenson 1975; Luttrell 1976; Williams and Liu 1976;
Anonymous 1979; Alcorn 1981b; Raabe et al. 1981; Gorter
1981; Alfieri et al. 1984; Grand 1985; Urtiaga 1986;
Sivanesan 1987; Pennycook 1989; McKenzie 1992; Teng
1996; Mendes et al. 1998; Roane and Roane 1997; Crous et
al. 2000; Zhuang 2001; Piepenbring 2006; Thaung 2008;
Eschen et al. 2010

Notes: C. ravenelii was first described from Sporobolus
and has been found in association with many Sporobolus
species. It is morphologically distinguishable from C.
sporoboli, which is a common Sporobolus pathogen. The
species is heterothallic and the teleomorph has been
produced in culture. Cochliobolus ravenelii has been used
as a biocontrol agent (Hetherington et al. 1999).

Cochliobolus sasae I. Hino & Katum, Bull. Faculty of
Agriculture, Yamaguchi University 11: 26 (1960)

Holotype: YAM.
Hosts and diseases: Recorded as a saprobe on Sasa

tambaensis (Poaceae).
Distribution: Japan.
References: Hino and Katumoto 1960; Eriksson and Yue

1998; Kobayashi 2007.
Notes: There has been no mention of C. sasae in the

literature following its introduction in 1960. This species is
differentiated from other species by morphology and a
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phylogenetic analysis is needed to infer its relationship with
other species.

Cochliobolus sativus (S. Ito & Kurib.) Drechsler ex Dastur,
Indian J Agr Res12: 733 (1942)

= Bipolaris sorokiniana (Sacc.) Shoemaker, Can. J. Bot.
37: 884 (1959)

≡ Helminthosporium acrothecioides Lindf, Sevensk bot.
Tidskr. 12:562 (1918)

≡ Helminthosporium californicum Mackie & G.E.
Paxton, Phytopathology 13: 562 (1923)

≡ Helminthosporium sativum Pammel, C.M. King &
Bakke, Bulletin of Iowa State College 116: 180 (1910)

≡ Helminthosporium sorokinianum Sacc.in Sorok, Trans.
Soc. Nat. Univ. Kazan 22: 15 (1890)

≡ Ophiobolus sativus S. Ito & Kurib, Trans. Sapporo nat.
Hist. Soc. 10: 138 (1929)

≡ Bipolaris californica (Mackie & G.E. Paxton) Gornostaĭ
[as ‘californicum’], in Azbukina et al. (eds), Vodorosli, Griby
i Mkhi Dal’nego Vostoka (Vladivostok): 80 (1978).

≡ Drechslera sorokiniana (Sacc.) Subram. & Jain, Curr.
Sci. 35: 354 (1966)

Hosts and diseases: Distributed throughout tropical and
temperate regions on Allium sp. (Amaryllidaceae), Taraxacum
kok-saghyz (Asteraceae), Calluna vulgaris (Ericaceae), Cicer
arietinum, Lablab purpureus, Phaseolus vulgaris (Fabaceae),
Linum usitatissimum (Linaceae), Agropyron cristatum, Agro-
stis sp., Aira caryophyllea, A. geniculatus, Alopecurus
pratensis, Aneurolepidium chinense, Avena sativa, Bromus
inermis, B. racemosus,, B. willdenowii, Chloris gayana, C.
virgata, Clinelymus dahuricus, C. sibiricus, Cynodon dacty-
lon, C. transvaalensis, Cynosurus echinatus, Dactylis glom-
erata, Danthonia californica, Deschampsia caespitosa,
Echinochloa crus, Eleusine corocana, E. indica, Elymus
junceus, Festuca elatior, Festuca myuros, Glyceria borealis,
Holcus lanatus, Hordeum brevisubulatum, H. distichon, H.
murinum, H. gussoneanum, Hordeum sativum, H. vulgare,
Lolium multiflorum, L. perenne, L. temulentum, Microlaena
stipoides, Oryza sativa, Panicum lacromanianum, P.
typhoides, Phleum pratense, Setaria italica, Trisetum aesti-
vum, T. durum, T. sativum, T. secale, Triticum sphaerococ-
cum, T. turgidum, T. vulgare, Zea mays (Poaceae), Guzmania
sp. (Tillandsioideae). The fungus causes spot blotch or foot
and root rot of temperate cereals (Sivanesan 1987). Spot
blotch of wheat causes severe epidemics in many tropical
countries sometimes resulting in yield losses of up to 87% in
highly susceptible varieties (Hetzler et al. 1990). Foot rot of
wheat causes brown streaks and blotches on the stem bases
(Sivanesan 1987).

Distribution: Argentina, Australia, Belgium, Bhutan,
Brazil, Bulgaria, Canada, Cameroon, China, Cyprus, Den-
mark, Egypt, Ethiopia, Finland, Greece, Indonesia, Israel,
Germany, Hungary, Italy, Kenya, Korea, Malawi, Myanmar,

New Zealand, Nepal, Papua New Guinea, Poland, Sudan,
Tanzania, Taiwan, Turkey, Uganda, UK, USA, Zimbabwe.

References: Sprague 1950; Roane and Starling 1958; Riley
1960; Foister 1961; Nattrass 1961; Simmonds 1966; Orieux
and Felix 1968; Peregrine and Siddiqi 1972; Pantidou 1973;
Hanlin et al. 1978; Anonymous 1979; Tai 1979; Krupinsky
and Berdahl 1984; Shaw 1984; Sierra 1984; Ginns 1986;
Krupinsky 1986; Sivanesan 1987; Pennycook 1989;
Richardson 1990; McKenzie 1992; Mendes et al. 1998;
Crous et al. 2000; Hilton 2000; Cho and Shin 2004; Kowalik
and Sagan 2005; Bobev 2009, Crepel et al. 2006.

Notes: The sexual state of Cochliobolus sativus is very
similar to C. elusinensis but the latter differs in having
larger ascomata, somewhat shorter and narrower asci, and
much shorter ascospores with fewer septa. Tinline (1951)
demonstrated that C. sativus is heterothallic and each
thallus is bisexual and self sterile. The sexual state of C.
sativus is not common in nature but has been produced
under laboratory conditions. Environmental conditions,
such as substrate, temperature and pH influence perithecia
formation (Tinline and Dickson 1958). Conidia of C.
sativus can be white to olivaceous but this is not linked to
mating type (Tinline and Dickson 1958). C. sativus is
highly variable in pathogenicity and virulence. Dosdall
(1923) showed that C. sativus isolates can induce differen-
tial infection reactions in barley. Kline and Nelson (1963)
identified 13 pathogenicity types from 28 isolates based on
their varying capacity to cause disease on selected species
of Poaceae. Zhong and Steffenson (2001) identified two
pathotypes of C. sativus from the USA.

Cochliobolus setariae (S. Ito & Kurib.) Drechsler ex
Dastur, Indian J Agr Res 12: 733 (1942)

= Bipolaris setariae Shoemaker, Can. J. Bot. 37: 884
(1959)

≡ Drechslera setariae (Shoemaker) Subram. & B.L.
Jain, Curr. Sci. 35: 354 (1966)

≡ Helminthosporium setariae Sawada, Spec. Bull. Agric.
Exp. Station Formosa 19: 656 (1919)

≡ Helminthosporium setariae Lind, Danish Fungi : 527
(1913)

≡ Ophiobolus setariae S. Ito & Kurib., Proc. Imper.
Acad. Tokyo 6: 352 (1930)

Hosts and diseases: Most commonly found on Setaria
grass species and many other hosts such as Chamaedorea
seifrizii, C. elegans, Chrysalidocarpus lutescens, (Areca-
ceae), Manihot esculenta (Euphorbiaceae), Stylosanthes
guianensis (Fabaceae) Persea americana (Lauraceae),
Antirrhinum majus (Plantaginaceae), Maranta arundina-
cea, M. leuconeura var. erythroneura, M. leuconeura var.
kerchoviana, M. leuconeura var. leuconeura (Maranta-
ceae), Dendrobium sp. (Orchidaceae), Agrostis tenuis,
Avena sativa, Brachiaria mutica, B. reptans, B. eruciformis,
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B. ramose, Brachiaria reptans, Cynodon sp., Desmosta-
chya bipinnata, Digitaria granularis, Echinochloa indica,
Eleusine coracana, Eragrostis sp., Hordeum sp., Ischae-
mum rugosum, Oryza sativa, Oryzopsis holciformis, Pan-
icum clandestinum, P. fasciculatum, P. maximum, P.
miliaceum, Paspalidium flavidum, P. distichum, Pennisetum
americanum, P. pedicellatum, Saccharum officinarum,
Setaria faberi, S. geniculata, S. glauca, S. italica, S.
lutescens, S. tomentosa, S. sphacelata, Triticum, Zea mays
(Poaceae), Rosa sp. (Rosaceae), Calathea sp. (Zingiber-
aceae) Causes spots on leaves and petals, leaf blights, on
millet (Balasubramanian 1980). Leaf lesions are elongated
and variable in size depending on the host and environment
conditions, but are usually white or grey in the centre and
becoming darker towards the margin (Sivanesan 1987).

Distribution: Argentina, Australia, Bangladesh, China,
Cuba, Egypt, Ethiopia, Georgia, Hawaii, India, Myanmar,
New Guinea, New Zealand, Pakistan, Sierra Leone, South
Africa, Turkey, Uganda, USA, Venezuela.

References: Dastur 1942; Sprague 1950; Sarbhoy et al.
1971; Luttrell et al. 1974; Misra and Prakash 1972; Singh
and Misra 1979; Tai 1979; Singh et al. 1981; Chase 1982;
Simone and Brunk 1983; Alfieri et al. 1984; Arnold 1986;
Urtiaga 1986; Sivanesan 1987; Lenne 1990; Richardson
1990; Roane and Roane 1997; Crous et al. 2000; Zhuang
2001; Cho and Shin 2004; Roane 2004; Zhuang 2005;
Thaung 2008; Shi et al. 2010.

Notes: Cochliobolus setariae is suspected to be heterothal-
lic but the sexual state has not been observed in culture
(Sivanesan 1987). The species has not been incorporated in
previous phylogenetic analyses and no type derived sequences
are available. Cochliobolus setariae has potential for use as a
microbial herbicide and further details are discussed under the
topic Cochliobolus in biocontrol. Type derived sequences are
needed to infer the relationships of this pathogenic species.

Cochliobolus sitharamii S.M. Reddy, Indian Phytopath.
29: 199 (1977) [1976]

Host: The species was recorded as a saprobe on
Bambusa sp. (Poaceae).

References: Reddy 1977.
Notes: There has been no mention of C. sitharamii in the

literature following its introduction in 1977. This species is
differentiated from other species by morphology and
phylogenetic analysis is needed to infer its relationship with
other species.

Cochliobolus spicifer R.R. Nelson, Mycologia 56: 198
(1964)

= Bipolaris spicifera (Bainier) Subram., Hyphomycetes :
756 (1971)

≡ Bipolaris tetramera (McKinney) Shoemaker, Can. J.
Bot. 37: 884 (1959)

≡ Brachycladium spiciferum Bainier, Bull. Soc. mycol.
Fr. 24: 81 (1908)

≡ Brachysporium spiciferum (Bainier) Corbetta, Riso 12:
30 (1963)

≡ Curvularia spicifera (Bainier) Boedijn, Bull. Jard. bot.
Buitenz, 3 Sér. 13: 127 (1933)

≡ Curvularia tetramera (McKinney) Boedijn ex J.C.
Gilman, Manual of Soil Fungi: 303 (1945)

≡ Dendryphion spiciferum (Bainier) Sacc. & Traverso,
Syll. fung. (Abellini) 19: 560 (1910)

≡ Drechslera spicifera (Bainier) Arx, Icon. microfung.
Matsush. lect. : 65 (1975)

≡ Drechslera tetramera (McKinney) Subram. & B.L.
Jain, Curr. Sci. 35: 355 (1966)

≡ Helminthosporium spiciferum (Bainier) Nicot, Öst.
bot. Z. 100: 482 (1953)

≡ Helminthosporium tetramera McKinney, Bull. U.S.
Department of Agriculture 1347: 33 (1925)

≡ Pseudocochliobolus spicifer (R.R. Nelson) Tsuda,
Ueyama & Nishih., Mycologia 69: 1119 (1978) [1977]

Holotype: BPI.
Hosts and diseases:Pistacia vera (Anacardiaceae), Daucus

carota (Apiaceae), Elaeis guineensis (Arecaceae), Dahlia
variabilis, Zinnia sp. (Asteraceae), Heterophragma adeno-
phylla (Bignoniaceae), Casuarina equisetifolia (Casuarina-
ceae), Commelina benghalensis (Commelinaceae), Citrullus
vulgaris, C. lanatus, Cucurbita maxima (Cucubitaceae),
Manihot esculenta (Euphobiaceae), Arachis hypogaea, Pha-
seolus vulgaris, Cassia fistula, Cyamopsis psoralioides, C.
tetragonoloba, Erythrina variegate, Glycine ussuriensis, G.
max, Lablab purpureus, Lens culinaris, Lupinus termis,
Phaseolus radiates, P. vulgaris, Pisum sativum, Vicia faba
(Fabaceae), Quercus xalapensis (Fagaceae), Gossypium sp.
(Malvaceae) Pinus sylvestris (Pinaceae), Agropyron crista-
tum, Agrostis tenuis, Arundo donax, Avena sativa, Bromus
inermis, Chloris verticillata, Cynodon dactylon, Cynosurus
cristatus, Deschampsia flexuosa, Dactylis glomerata, Des-
mostachya bipinnata, Echinochloa frumentacea, Eragrostis
cilianensis, Festuca idahoensis, F. rubra, Heteropogon
contortus, Hordeum vulgare, Lolium multiflorum, Miscanthus
sinensis, Oryza sativa, Oryzopsis holciformis, Paspalum sp.,
Panicum miliaceum, Pennisetum americanum, P. typhoides,
Phleum pratense, Poa pratensis, Saccharum officinarum,
Secale cereale, Setaria glauca, S. lutescens, Sorghum bicolor,
S. halepense, Triticum aestivum, Zea mays (Poaceae), Prunus
dulcis (Rosaceae), Citrus sinensis (Rutaceae), Salix caprea
(Salicaceae), Capsicum annuum, Lycopersicon esculentum
(Solanaceae), Aloe barbadensis (Xanthorrhoeaceae) Zingiber
officinale (Zingiberaceae). Cause foliar blights, leaf spots on
some of above hosts and soft rot on some fruit species.
Asexual state of C. spicifer cause diseases in human such as
fungus balls of the sinuses and chronic rhinosinusitis with
massive polyposis (Buzina et al. 2003)
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Distribution: Australia, Bangladesh, Brazil, Canada,
China, Cyprus, Egypt, Georgia, India, Iran, Japan, Kenya,
New Zealand, Pakistan, Saudi Arabia, South Africa, Sudan,
Taiwan, Tanzania, Turkey, USA.

References: Preston 1945; Luttrell 1952; Georghiou and
Papadopoulos 1957; Greene 1960; Anonymous 1960;
Nelson 1964c; Ahmad 1969; Turner 1971; Sarbhoy et al.
1971; Srivastava and Gupta 1981a; Pirozynski 1972;
Chandra 1974; Jones and Wiggins 1974; Matsushima 1975;
Ahmad 1978; Phillips et al. 1979; Mallaiah et al. 1981;
Alfieri et al. 1984; Hafez 1984; Sivanesan 1987; Madhukar
and Reddy 1988; Cook and Dubé 1989; Pennycook 1989;
Lenne 1990; Richardson 1990; Bourbos and Skoudridakis
1992; Boa and Lenné 1994; Portales et al. 1995; Roane and
Roane 1996; Ahmad et al. 1997; Pourabdollah and Ershad
1997; Roane and Roane 1997; Mendes et al. 1998; Zhuang
2001; Chen et al. 2002; Liu and Zhang 2004; Roane 2004;
Pratt 2006; Majumdar et al. 2007; Mulenko et al. 2008;
Roane 2009; Mhadri et al. 2009.

Notes: Cochliobolus spicifer is similar to C. australiensis
on PDA. A hyaline area just above the dark hilum is
characteristic of the conidia C. spicifer (Ruppel 1974). The
species is heterothallic, and the asexual conidial state has
bipolar germination. This species is an opportunistic human
pathogen and resembles two of its close relatives, C.
australiensis and C. hawaiiensis (Emami and Hack 2002).

Cochliobolus sporoboli E. Castell., Mycopathologia 6: 56
(1951)

Holotype: OTT.
Hosts: Sporobolus affinis, S. marginatus, S. ruspolianus

(Poaceae).
Distribution: Africa, Ethiopia, Myanmar, Pakistan.
References: Castellani and Ciferri 1950; Castellani 1951;

Ahmad 1969, 1978; Patil and Ramesh 1986; Alcorn 1991;
Ahmad et al. 1997; Thaung 2008.

Notes: The species has not been included in previous
phylogenetic analysis. As a type culture is not available,
recollection and epitypification is essential.

Cochliobolus stenospilus T. Matsumoto & W. Yamam.,
J Plant Protect. Tokyo 23: 14 (1936)

= Bipolaris stenospila (Drechsler) Shoemaker, Can. J.
Bot. 37: 884 (1959)

≡ Drechslera stenospila (Drechsler) Subram. & B.L.
Jain, Curr. Sci. 35: 354 (1966)

≡ Helminthosporium stenospilum Drechsler, Phytopa-
thology 18: 136 (1928)

Hosts and diseases: Brachiaria platyphylla, Cynodon dacty-
lon, Imperata arundinacea, Pennisetum glaucum, Saccharum
officinarum (Poaceae). Causes brown stripe disease of leaves.

Distribution: Africa, Australia, Brazil, China, Cuba, Fiji,
Georgia, Guyana, Hawaii, India, Malawi, Malaysia, Puerto
Rico, Samoa, Taiwan, USA, Zambia.

References: Matsumoto and Yamamoto 1936; Doidge
1950; Sprague 1950; Luttrell 1954; Freeman 1957;
Anonymous 1960, 1979; Simmonds 1966; Firman 1972;
Peregrine and Siddiqi 1972; Misra and Prakash 1972;
Stevenson 1975; Gorter 1977; Raabe et al. 1981; Alfieri et
al. 1984; Arnold 1986; Urtiaga 1986; Sivanesan 1987;
Mendes et al. 1998; McKenzie 1996; Tai 1979; Zhuang
2001; Crous et al. 2000; Pratt 2006.

Notes: In Index Fungorum, Cochliobolus stenospilus
was maintained in synonymy with B. stenospila which is
the asexual state. Alcorn (1983a) recorded C. stenospilus as
the teleomorph of B. stenophilus. The Cochliobolus tele-
omorph was, however, published in Japanese and without a
Latin description and is therefore invalid (Sivanesan 1987).
The asexual state is difficult to distinguish from B. heveae
from their original description (Ellis 1971). Type material
could not be located and this species should be recollected
and validly published.

Cochliobolus tripogonis Alcorn, Mycotaxon 13: 342 (1981)
= Bipolaris tripogonis (A.S. Patil & V.G. Rao) Alcorn,

Mycotaxon 13: 344 (1981)
≡ Drechslera tripogonis A.S. Patil & V.G. Rao, Trans.

Br. mycol. Soc. 59:340 (1972)
Holotype: BRIP 12375; Paratype: BRIP 12273.
Hosts and diseases: Tripogon jacquemontii, T. loliiformis

(Poaceae). Infection on the inflorescences of Tripogon is
characterized by strands and spongy sooty colonies of the
fungus turning the entire inflorescence into a dark, thick,
rigid, stick-like structure (Patil and Rao 1972).

Distribution: Australia, India.
References: Alcorn 1981b.
Notes: The sexual state of Cochliobolus tripogonis formed

in culture by pairing compatible strains (Sivanesan 1987) and
differed from many other Cochliobolus species by having a
very long ascomata. Cochliobolus cymbopogonis, C. hawai-
iensis and C. ravenelii, which also have long ascomata, differ
from this species by other morphological characters (Alcorn
1981a, b). Cochliobolus tripogonis is heterothallic.

Cochliobolus tritici Dastur, Indian J. agric. Sci. 12: 735 (1942)
Host: Triticum vulgare (Poaceae).
Distribution: India.
References: Dastur 1942.
Notes: An asexual state of C. tritici was mentioned by

Dastur (1942), however it was unnamed and morphology
was similar to the asexual state of Cochliobolus perotidis,
but the sexual states of the two species are distinct (Alcorn
1982). No records of this species have been made since the
original description.

Cochliobolus tuberculatus Sivan., Trans. Br. mycol. Soc.
84: 548 (1985)
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= Curvularia tuberculata B.L. Jain, Trans. Br. mycol.
Soc. 45: 539 (1962)

Ex-type: IMI 288001
Hosts and diseases: Coccinia indica (Cucurbitaceae),

Cyperus malaccensis (Cyperaceae) Vigna aconitifolia
(Fabaceae), Juncus roemerianus (Juncaceae), Eucalyptus
globulosus, E. tereticornis, Psidium guava (Myrtaceae),
Pinus caribaea (Pinaceae), Oryza sativa, Pennisetum sp.,
Triticum sp., Sorghum vulgare (Poaceae), Citrus limonia
(Rutaceae). Causes leaf spots, leaf blights.

Distribution: Denmark, India, Pakistan, Taiwan, USA.
References: Lele et al. 1968; Rao 1969; Sarbhoy et al.

1971; Fell and Hunter 1979; Matsushima 1980, 1983;
Mallaiah et al. 1981; Sivanesan 1985, 1987; Lenne 1990;
Richardson 1990; Vittal and Dorai 1994; Majumdar 1997

Notes: The species is heterothallic and the sexual state
was obtained by pairing mono conidial compatible isolates
(Sivanesan 1985). This taxon has not been incorporated in a
previous phylogenetic analysis and type derived sequences
are not available in GenBank.

Cochliobolus verruculosus (Tsuda & Ueyama) Sivan.,
Bitunicate Ascomycetes and their Anamorphs: 366 (1984)

≡ Pseudocochliobolus verruculosus Tsuda & Ueyama,
Mycologia 74: 565 (1982)

= Curvularia verruculosa Tandon & Bilgrami ex M.B.
Ellis, Mycol. Pap. 106: 20 (1966)

= Curvularia verruculosa Tandon & Bilgrami, Curr. Sci.
31: 254 (1962)

Holotype: TNS-F 234525, Isotype: CUP, IMI, L,
Lectotype: IMI.

Hosts and diseases: Reported on various hosts such as
Zinnia elegans (Asteraceae), Kigelia pinnata (Bignonia-
ceae), Canna indica (Cannaceae), Dioscorea alata (Dio-
scoreaceae), Cassia fistula, Lablab purpureus, Vicia faba,
Vigna sinensis (Fabaceae), Tinospora cordifolia (Menis-
permaceae), Musa sp. (Musaceae), Pinus caribaea (Pina-
ceae), Brachiaria mutica, Chloris radiate, Cynodon
dactylon, Echinochloa crus-galli, Oryza sativa, Paspalum
scrobiculatum, Pennisetum americanum, P. typhoides,
Saccharum sp., Setaria viridis, Sorghum vulgare, Zea mays
(Poaceae). Cause leaf spots and blights.

Distribution: China, Egypt, India, Indonesia, Iran,
Israel, Jamaica, Samoa, Taiwan, Venezuela, Malaysia,
West Indies.

References: Chandra 1974; Singh and Chohan 1974;
Khan and Kamal 1974; Wallbridge and Pinegar 1975;
Ebbels and Allen 1979; Srivastava and Gupta 1981a;
Matsushima 1983; Sivanesan 1984, 1987; Urtiaga 1986;
Singh and Singh 1986; Lenne 1990; Richardson 1990; Boa
and Lenné 1994; McKenzie 1996; Ahmad et al. 1997;
Minter et al. 2001; Sun et al. 2003; Zhuang 2005.

Notes: The asexual state (Curvularia verruculosa) is
characterized by 3-septate conidia with a verrucose conidial
wall. It is easily distinguished from other species with
verrucose cell walls, 3-septate conidia such as C. tuber-
culatus and by the position of the largest cell in the
conidium. The largest cell is second from the base in C.
tuberculatus and third from the base in C. verruculosus
(Tsuda and Ueyama 1982). Conidial size and cell wall
ornamentation are highly variable depending on cultural
conditions (Tsuda and Ueyama 1982).

Cochliobolus victoriae R.R. Nelson, Phytopathology 50:
775 (1960)

= Bipolaris victoriae (F. Meehan & H.C. Murphy)
Shoemaker, Can. J. Bot. 37: 882 (1959)

≡ Drechslera victoriae (F. Meehan & H.C. Murphy)
Subram. & B.L. Jain, Curr. Sci. 35: 355 (1966)

≡ Helminthosporium sativum var. victoriae (F. Meehan
& H.C. Murphy) H.R. Rosen, Wiser & J.O. York, Beitr.
Bau. Flecht. 533: 22 (1953)

= Helminthosporium victoriae F. Meehan & H.C.
Murphy, Science, N.Y. 104: 413 (1946)

Holotype: BPI, K.
Hosts and diseases: Chenopodium sp.(Amaranthaceae),

Commelina benghalensis (Commelinaceae), Glycine max
(Fabaceae), Agropyron cristatum, Avena sativa, A. byzan-
tine, Cymbopogon flexuosus, Digitaria ciliaris, Dactylis
glomerata, Hordeum vulgare, Hordeum vulgare, Oryza
sativa, Paspalum scrobiculatum, P. notatum, Phalaris
arundinacea, Phleum pretense, Setaria sphacelata, S.
verticillata, S. viridis, Triticum, Zea mays (Poaceae).
Causal agent of Victoria blight of oat. Also causes leaf
spots, culm necrosis, seeds and seedling blights. Seedling
leaves become reddened, often giving a striped effect, and
leaves and seedlings can be killed (Sivanesan 1987).

Distribution: Australia, Bolivia, Brazil, Canada, Florida,
Georgia, India, Kenya, Malaysia, United Kingdom, USA,
Zambia, Zimbabwe.

References: Gilman 1949; Earhart 1950, 1952,1955,1957;
Moseman and Hebert 1950; Josephson and Reid 1950; Rosen
1950; Lyle 1950; Livingston 1950; Sprague 1950; Miller et al.
1952; Atkins 1951; Tisdale 1952; Summers and Bowman
1953; Futrell and Atkins 1954; Elliott 1955; Luttrell 1955;
Miller et al. 1955; Gore et al. 1956; Farrar and Gore 1957;
Farrar and Stacy 1958; Ivanoff et al. 1958; Roane and Starling
1958; Futrell et al. 1959; Parris 1959; Anonymous 1960;
Nelson 1960c; Simmonds 1966; Conners 1967; Scheffer and
Nelson 1967; Mankin 1969; Misra and Prakash 1972; Hanlin
et al. 1978; Sivanesan and Holliday 1981; Alfieri et al. 1984;
Epsteina and Lockwooda 1984; Cannon et al. 1985; Grand
1985; Sivanesan 1987; Shivas 1989; Lenne 1990; Christiansen
et al. 1998; Mendes et al. 1998; Caretta et al. 1999.
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Notes: This species is heterothallic. A victroin host selective
toxin is produced by this species (Wolpert et al. 1988).
Cochliobolus victoriae is a soil inhabiting species but prolonged
exposure to soil can reduce the virulence of fungal conidia
(Filonow et al. 1983). Some soil inhabiting bacteria can
suppress the germination of its conidia (Epsteina and Lock-
wooda 1984).

Cochliobolus zeae H.S. Chang, Bot. Bull. Acad. sin.,
Taipei 33: 175 (1992)

Cochliobolus zeae H.S. Chang was first invalidly
published (Art. 36.1) in the Annual Report, Institute of
Botany, Academia Sinica (Taipei): 5 (1988) [1987]. It was
also invalidly published (Art. 36.1) in Abstracts of Papers,
5th International Congress of Plant Pathology Kyoto,
Japan, August 20–27, 1988 (Kyoto): 138 (1988).

= Bipolaris zeae Sivan., Trans. Br. mycol. Soc. 84: 418
(1985)

Holotype: ASIB-02; Isotype: IMI 350958
Hosts: Alloteropsis semialata, Brachiaria decumbens,

Cenchrus ciliaris, Imperata cylindrica, Panicum virgatum,
Pennisetum americanum, P. clandestinum, P. glaucum, P.
typhoides, Zea mays (Poaceae), Acer truncatum (Sapinda-
ceae), Eucalyptus sp. (Myrtaceae).

Distribution: Australia, Brazil, China, Colombia, India.
References: Sivanesan 1985, 1987; Shivas 1989; Lenne

1990; Chang 1992; Krupinsky et al. 2004; Sun et al. 2011.
Notes: The teleomorph was obtained after mating single

conidial isolations on Sach’s agar medium. (Chang 1992).
The species is heterothallic.

Excluded species

Cochliobolus thalassiae Orpurt & Boral
This species is listed in Index Fungorum, but no

literature could be found on this species.
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