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Exploration for plant pathogens against 
Taeniatherum caput-medusae 

(medusahead ryegrass)

T.L. Widmer and R. Sforza1

Summary

Taeniatherum caput-medusae (medusahead ryegrass) is an invasive weed in the United States of
America with origins in the Mediterranean region extending to central Asia. It is a member of the grass
family, with seed germinating in the fall and continuing to grow all winter. Currently, it infests millions
of hectares of land, primarily in California, Colorado, Nevada, Oregon, and Utah. Taeniatherum caput-
medusae crowds out native plant species and is almost worthless as forage. Current management strat-
egies have been ineffective. This study examines biocontrol, through the use of plant pathogens, as a
possible management strategy. In the literature, a few plant pathogens, including Ustilago spp., Tilletia
bornmuelleri, Puccinia spp. and Fusarium culmorum, have been reported to occur naturally or to infect
T. caput-medusae through artificial inoculation. Several Ustilago spp., a Tilletia sp., two Puccinia spp.
and Fusarium arthrosporioides have been found during surveys in the native habitat of T. caput-
medusae. Preliminary studies have begun to identify the species and determine their host range and
impact. A completed study involving F. arthrosporioides showed that it was not host-specific and,
therefore, it is not being pursued as a biocontrol agent. Further explorations will continue to search for
new pathogens and assess their host specificity.
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Introduction

Taeniatherum caput-medusae (L.) Nevski (medusa-
head ryegrass) is considered a noxious weed in many
western states of the United States of America (USA).
Its rapid spread has presented a serious problem to
wildlife and rangeland managers. As attempts to
control this annual weed have generally resulted in
failure (Horton 1991), this study reports for the first
time foreign exploration for pathogens to be used in a
biological control strategy.

T. caput-medusae, previously misidentified as
Elymus caput-medusae L., is a member of the Triticeae
tribe of the grass family. The name is derived from the
Greek taenia (ribbon) and ather (awn), alluding to the
flat-based lemma awns. Apparently, the genus Taenia-
therum has a genome that is distinct, but faintly related

to those of Dasypryrum, Eremopyrum and Hordeum
(Frederiksen & Bothmer 1989). Three subspecies,
caput-medusae, asperum, and crinitum, are known to
occur in the native range. The subspecies asperum is
the one introduced into the USA and differs from the
others by having pronounced barbs, coated with silica
on the awns (Young 1992). This winter annual has its
origins in areas bordering the Mediterranean Sea
extending eastward to central Asia (Frederiksen 1986). 

T. caput-medusae is a slender annual grass, 5–60 cm
high, which is predominantly self-pollinated. It grows
in areas where extended periods of intense cold are
lacking. Soils with high clay content, well-developed
profiles and those receiving run-off from infested areas
are most susceptible to invasion (Dahl & Tisdale 1975).
The species matures later than other annual grasses and
may require clay soils for their high water-holding
capacity (Young & Evans 1970). Well-drained soils
and coarse-textured sands with poorly developed
profiles are less likely to be utilized by T.
caput-medusae. The species overlaps in range and local
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habitat with Bromus mollis and B. tectorum (cheat-
grass) in California and Oregon, also introduced plant
species. It is reported that T. caput-medusae is
displacing B. tectorum on more mesic sites (Harris
1977). T. caput-medusae germinates in the fall with the
roots beginning to grow immediately and continuing to
grow all winter. Seed dormancy is due to inhibitory
substances in the awns of fresh seed, which are lost by
early fall (Nelson & Wilson 1969). In terms of spread
and growth, T. caput-medusae has probably not
reached its ecological limit. If the requirements
completely overlap those of B. tectorum, it could spread
widely in the Great Basin and beyond.

T. caput-medusae was first collected in the USA in
Oregon in 1887, and spread rapidly in the 1930s
(Young 1992). It is now invasive across millions of
hectares of large semi-arid areas of intermountain
rangelands in western US states, in which it is consid-
ered a noxious weed (e.g. Colorado, California,
Oregon, Nevada and Utah). In Oregon, 1.0 million ha are
included within the boundary of known infestations;
more than 300,000 ha in Idaho (Hironaka 1961); at least
50,000 ha in eastern Washington; 40,000 ha in northern
California; as well as portions of north-eastern Cali-
fornia, northern Nevada and western Utah. Its primary
range includes areas with 25–50 cm of annual precipita-
tion, although it has been noted in areas with up to 1 m of
precipitation. This weed is a major problem on Nature
Conservancy preserves in the interior valleys of Oregon
and California where it crowds out native species by
producing a thick thatch of highly siliceous plant matter,
outcompeting perennial grass seedlings. 

T. caput-medusae has substantially impacted
ecosystem functioning in a way that ensures its persist-
ence. An important life-history trait that enables
persistence is its ability to germinate in the fall. A toler-
ance for cool soil temperatures allows root develop-
ment and resource capture earlier in the spring than
other plant species. T. caput-medusae threatens range-
lands with sparse native plant communities, as well as
more complex communities degraded by overgrazing,
fire, or cultivation, particularly Artemisia–Agro-
pyron–Poa-dominated communities (Dahl & Tisdale
1975). It has been reported to have a slightly higher
seed production per unit area than B. tectorum. The
greater seed production and inhibition of B. tectorum
germination by mat formation are thought to be two
reasons allowing T. caput-medusae to invade B.
tectorum-infested areas. It is worthless as forage for
cattle and sheep, although animals will graze it for a
short time in the early spring during the pre-seedhead
stage (Miller et al. 1999). It has been estimated that
grazing capacity of an area can be reduced by 50 to 80%
after a few years of infestation (Hironaka 1961).
Different strategies that include burning, grazing, plant
competition, restoration of natives, and chemicals are
being used for control. Before our study, no biocontrol
strategies had been studied.

Fusarium arthrosporioides, isolated from the
crown of T. caput-medusae in Greece, is the only
report of a soil pathogen attacking the grass in its
native range (Siegwart et al. 2003). The authors
reported the effect of the pathogen on T.
caput-medusae under experimental conditions, but
also on cultivated cereals, including wheat, barley, and
oats. In North America, the effects of five soil fungi,
endemic to the western USA, were evaluated on five
grass species including T. caput-medusae (Grey et al.
1995). In this study, T. caput-medusae was susceptible
to crown rot caused by Fusarium culmorum. It
appeared that Fusarium spp. may have a potential for
reducing growth of T. caput-medusae.

Rust fungi are widespread on Triticeae, with some
species being more host-specific than others (Cummins
1971). It is reported that the multiple-host rust fungus
Puccinia graminis successfully infected T.
caput-medusae when inoculated under artificial condi-
tions (Holubec et al. 1997). Puccinia striiformis and
Puccinia hordei are also reported from T.
caput-medusae (Watson & Dallwitz 1992). 

Smuts are a general term for fungi that attack the
reproductive structures of the plant. Smuts have been
studied specifically on Aegilops and Hordeum species,
which are closely related to Taeniatherum spp. (Nielsen
1985, 1987). These studies reported successful experi-
mental inoculation of T. caput-medusae subspecies
crinitum with Ustilago tritici, but not with U. nuda.
According to the literature, the only natural smut infec-
tion reported on T. caput-medusae was by U. phrygica
found in Iran (Vanky & Ershad 1993). In Iran, 54
species of Ustilaginaceae are recorded on plants. Usti-
lago phrygica is also known from south-eastern
Europe, North Africa and Asia, and is widely distrib-
uted in Turkey (K. Vanky, pers. comm.). One species in
the genus Tilletia (Tilleciaceae), T. bornmuelleri (syn.
T. serbica), has been recorded on T. caput-medusae in
Iran (Hdjaroude & Abbasi 2000). However, no evalua-
tion of disease severity and impact of these naturally
occurring smut fungi has been undertaken. 

Microorganisms other than fungi, may also have an
impact on the growth and spread of T. caput-medusae.
For example, rhizobacteria that actively colonize roots
may have deleterious effects on weedy species with the
potential to control weeds without the undesirable
effects associated with the application of herbicides
(Kennedy & Kremer 1996).

Materials and methods

Survey

Areas of the natural habitat of T. caput-medusae
were targeted for surveys. Since 2000, foreign explora-
tion has been specifically carried out in Spain, France,
Ukraine, Cyprus, Turkey and Greece. All growth stages
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of T. caput-medusae were observed from April to
September.

Pathogens collected
Whole plants with disease symptoms were collected

and maintained individually in plastic bags for trans-
portation, until they could be transferred to a quaran-
tine facility for observation, identification, and
cultivation of the causal organisms. Pieces of diseased
tissue were surface-sterilized and plated on water agar
amended with 100 mg/L streptomycin contained in
Petri dishes. Any fungi growing from the diseased
tissue was subcultured and maintained on half-strength
potato dextrose agar until its pathogenicity could be
evaluated.

Methods of evaluation 
T. caput-medusae plants were germinated from seed

on moistened filter paper in a Petri plate and then
planted into autoclaved soil. The plants were main-
tained in a growth chamber at 25°C. Isolated fungi that
could be cultured on artificial media were grown on
autoclaved wheat seed contained in Erlenmeyer flasks
for 1 week. The air-dried, infested wheat seed was
ground to a coarse powder and added to the soil at a rate
of 10%. Taeniatherum caput-medusae seedlings were
transferred to the infested soil and the subsequent
mortality rate was assessed. Obligate parasites were
evaluated based upon methods described in the litera-
ture (Royer & Rytter 1985, Sampson & Watson 1985,
Jones & Dhitaphichit 1991). 

Results

Distribution of pathogens and symptoms 
Pathogens listed in Table 1 were collected during

surveys. They belong to the classes Urediniomycetes
(rusts), Ustomycetes, Septomycetes (smuts) and
Hyphomycetes (Fusarium sp.). To date, none of the
rusts or smuts have been identified to species.

The Tilletia sp. was collected in central Turkey in
several patches of a few square metres of T.
caput-medusae. However, not all the individual plants

in the patches were diseased. Sori present in the ovaries
of infected plants were swollen, ovoid to elongate,
brown, partly hidden by the glumes. For some indi-
vidual, infected plants, all seed were affected by the
systemic infection.

In the case of the Ustilago spp., infected plants were
collected from May to September in Turkey and late
March in Cyprus. Infection was sparse, with two to
three infected plants together and then no infection
occurring for a few metres. Typical symptoms of Usti-
lago spp. infection included sori, usually comprising
the whole spike, leaving intact stunted and deformed
awns, slightly bullate, subepidermal. A blackish-
brown, powdery spore mass appeared upon rupture of
the epidermis. During flowering, the seeds were
replaced by the sori, thus effectively breaking the life
cycle of this annual plant. 

Rusts, identified as Puccinia spp., were collected in
locations where an infection was localized within a
radius of 100 m2 on the sunny slope of rocky hills. Rust
infections were found at only one location each in
Turkey and Cyprus. The rust collected in Turkey forms
leaf and stem pustules that are red in colour. Histolog-
ical sections of prepared tissue infected by this rust
showed paraphyses in the pustules. The rust collected in
Cyprus forms bright orange pustules on the adaxial side
of leaves only, which turn to brown upon maturity and
teliospore formation. Histological sections of prepared
tissue revealed no paraphyses in the pustules of this
rust.

The plants from which F. arthrosporioides was
isolated showed no distinct symptoms in the field
except that they generally appeared weaker. Infection
and seedling death were demonstrated under controlled
inoculation studies in the laboratory (Siegwart et al.
2003). 

Discussion

Several pathogens collected during our surveys show
promise as potential biocontrol agents. The symptoms
of smut infection detailed in Nielsen’s studies (1985,
1987) were similar to those we observed in Turkey.
However, this does not confirm the identification of the

Table 1. Pathogens collected on Taeniatherum caput-medusae in 2001–2003.

Pathogen Stage of the plant attacked Location

Smut fungi = Ustilaginales
Ustilago spp. (Ustilaginaceae)
Tilletia spp. (Tilletiaceae)

seedhead
seedhead

All Anatolia (Turkey)
Nicosia (Cyprus)
Erzurum province (Turkey)

Fusarium
Fusarium arthrosporioides collar Thessaloniki (Greece)

Rust fungi = Uredinales
Puccinia spp. (Pucciniaceae) Leaves and stems Erzurum province (Turkey)

Nicosia (Cyprus)
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smuts. According to the literature, the only natural
infection of T. caput-medusae by a smut was found in
Iran and caused by U. phrygica (Vanky & Ershad
1993). Although we do not have yet the identification
of the Tilletia sp. that we collected, we believe that it is
most likely T. bornmuellerii, a potentially valuable
candidate that should be studied in more detail. This
smut is reported from the former Yugoslavia (Vanky
1994) to Iran, and therefore it is probably well distrib-
uted into Turkey where we collected our specimen. 

Considering the high diversity of smut and rust
fungi in the Middle East, which is also considered as
the centre of diversity of the genus Taeniatherum, it
appears that cultivated cereals are highly susceptible to
smuts. Further studies with these pathogens as poten-
tial biocontrol agents will need to pay particular atten-
tion to host specificity. The narrower the host range of
an Ustilago species suggests a greater specialization of
the species. Research has recently been initiated on the
use of pathogens as possible biological control agents
for B. tectorum (Meyer et al. 2001). The authors
explored the potential of using a naturally occurring
pathogen (Ustilago bullata) that causes head smut for
B. tectorum control. Fungal infection of the seed head
by the smut predominated amongst spring cohorts
resulting in up to 30% mortality (Mack & Pyke 1984).
It was suggested that low seed production by fall
cohorts may be offset through increased seed produc-
tion by later cohorts. This implies that control meas-
ures should be applied in the spring, after most cohorts
with a high probability of seed set success have germi-
nated, but before their inflorescences have had a
chance to mature.

Until we find candidates for biocontrol on T.
caput-medusae in France, where our research labora-
tory is located, we will have to undertake all our exper-
iments in the confined structure of a quarantine facility.
Artificial conditions in a quarantine always lead to
questions about repeatability under natural conditions.
To address this concern, an open garden will be set up
in Eastern Turkey to evaluate the impact and specificity
of both the Tilletia and Ustilago species under natural
conditions. Particular attention will be paid to the
closely related grasses, including wheat, rye, oats etc.,
that will be tested alongside T. caput-medusae. In addi-
tion, field surveys will be continued in order to collect
pathogens in southern France where T. caput-medusae
also occurred.
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