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Summary   A project investigating potential biological 
control agents for  Nassella neesiana (Trin. & Rupr.) 
Barkworth (Chilean needle grass) and  Nassella tri-
chotoma (Nees) Hack. ex Arechav. (serrated tussock) 
in Australia has been underway since 1999. Surveys 
in Argentina have identified three rust fungi (Puccinia 
nassellae Arth. & Holw., Uromyces pencanus Arth. 
& Holw. and Puccinia graminella Diet. & Holw.) 
showing promise for control of N. neesiana and a rust 
(P. nassellae), a smut (Ustilago sp.) (within Ustilago 
hypodytes (Schlecht.) Fr. sensu lato) and a crown 
rotting fungus (Corticiaceae) as possible biological 
control agents of N. trichotoma. Both P. nassellae (ex 
N. neesiana) and U. pencanus are easy to rear, cause 
considerable damage to N. neesiana and appear to be 
host-specific from preliminary testing undertaken so 
far. Trials are continuing to further investigate the P. 
nassellae and U. pencanus lifecycles. P. graminella can 
be very damaging, appears to be quite host-specific 
from the literature and is autoecious, completing its 
lifecycle on N. neesiana. Techniques for mass produc-
tion of P. graminella are currently being investigated, 
as urediniospores are not known from its lifecycle. 
The prospects for biological control of N. trichotoma 
are less promising. The virulence and host-specificity 
of P. nassellae (ex N. trichotoma) are questionable. 
Similarly, it has been decided that the potential of 
Ustilago sp. as a biological control agent is limited, 
due to technical difficulties regularly encountered 
in inoculation experiments and the low incidence of 
the disease commonly observed in the field. Further 
research into the taxonomy, biology and lifecycle 
of the Corticiaceae fungus is required before it can 
be considered as a biological control candidate for 
N. trichotoma.
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INTRODUCTION
Nassella neesiana and N. trichotoma are unpalatable 
tussock-forming grasses that originate from temperate 
South America. They are considered the most wide-
spread and damaging of the species of stipoid grasses 
that have been introduced into Australia (McLaren 
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et al. 1998) and both are now declared Weeds of 
National Significance (Thorp and Lynch 2000). They 
are considered as serious agricultural (McLaren et 
al. 1998) and very serious threats as environmental 
weeds (Carr et al. 1992). A project was set up in 1999 
in Argentina to investigate the potential of pathogens 
as biological control agents for these species (Briese 
and Evans 1998, Briese et al. 2000). On the basis 
of preliminary field observations, it was decided to 
prioritise the rusts P. nassellae, P. graminella and U. 
pencanus for evaluation as potential biological control 
agents of N. neesiana. Similarly, the smut fungus, 
Ustilago sp., the rust fungus Puccinia nassellae and 
a soil fungus from the Corticiaceae were identified as 
potential biological control agents of N. trichotoma. 
This paper gives a short update on the potential of these 
pathogens as biological control agents of N. neesiana 
and N. trichotoma.

MATERIALS AND METHODS
Field surveys for pathogens of N. neesiana and N. 
trichotoma have been undertaken each year during 
spring and summer since 1999. Samples were collected 
and brought back for examination and culturing at 
CERZOS. Rusts were cultured on N. neesiana plants 
in constant temperature cabinets at 20°C, 80% relative 
humidity and a 12 h photoperiod. 

RESULTS
Locations where potential biological control pathogens 
for N. neesiana and N. trichotoma have been collected 
are shown in Figure 1. 

Biological control agents for N. neesiana
Puccinia nassellae   This rust has been observed caus-
ing severe damage to N. neesiana populations in Ar-
gentina. It appears to be highly host-specific to a point 
where most tried isolates will not attack N. neesiana 
plants from different geographic locations. To date, 
three rust isolates have been applied to N. neesiana 
plants from six Australian accessions. Of these, only 
one isolate was pathogenic, and to only three of the 
Australian N. neesiana accessions tested. P. nassellae 
has a hemicyclic lifecycle with urediniospores and 
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teliospores on N. neesiana but with possible pycnial 
and aecial stages unknown. Evidence gathered to 
date suggests that this rust only reproduces through 
its urediniospore stage and that its teliospore stage 
may be redundant. Basidiospores from germinating 
teliospores have repeatedly failed to infect N. neesiana 
plants. Four years of detailed searches of plant species 
ecologically associated with N. neesiana have failed 
to identify an alternate host.

Several different isolates of this rust have been 
successfully grown in pure culture for several months 
but spores lose viability during long-term storage.

Puccinia graminella   This rust appears to be damag-
ing to N. neesiana from field observations and quite 
specific (known hosts within the Stipeae) from the 
literature. Australian plants have not yet been tested 
against this pathogen. It is an autoecious, demicyclic 
rust, with all its lifecycle on its grass host, but only 
forming aecia and telia (urediniospores unknown). 
It has been shown that aeciospores are repetitive 
(aecidioid urediniospores?), forming new aecia when 

artificially inoculated on N. neesiana plants (un-
published data). A small portion of teliospores from 
each telium germinate directly to give basidiospores. 
Inoculations using this spore type have not been suc-
cessful to date. Mass-rearing techniques for this rust 
are under investigation.

Uromyces pencanus   This pathogen has been ob-
served to be very damaging to N. neesiana populations 
in Argentina (F. Anderson, pers. obs.). It seems to 
be expanding its geographical distribution, as it had 
only been found at one location during earlier surveys 
(Anderson et al. 2003). One of the tested isolates has 
been shown to infect N. neesiana plants from six out 
of seven tested Australian N. neesiana accessions. 
This rust is described in the literature as being autoe-
cious, with aecia, uredinia and telia on the grass host. 
However, in our intensive surveys no aecia have been 
found on N. neesiana. The nature of the lifecycle has 
not been able to be tested experimentally as teliospores 
have repeatedly failed to germinate under a range of 
experimental inducement treatments (unpublished 

Figure 1.   Location of Chilean needle grass and serrated tussock fungi from surveys in Argentina, South 
America.
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data). As for P. nassellae, plant species ecologically 
associated with N. neesiana in the field have also 
been searched for the aecia of U. pencanus but no 
alternate host has been identified to date. Pure cultures 
of this rust are easy to mass produce and preserve. 
Urediniospores retain their germinability after several 
months storage at −80º C.

Biological control agents for N. trichotoma
Ustilago sp.   The smut Ustilago sp. was seen in the 
field preventing seed formation on severely attacked 
plants of N. trichotoma and N. neesiana (Anderson et 
al. 2002). However, the incidence of the disease in the 
field was usually low. Severe outbreaks of the disease 
on N. trichotoma were recorded at two of the surveyed 
sites, whilst a high level of disease on N. neesiana 
was found at only one location. Interestingly, at the 
site where N. neesiana plants were severely diseased, 
a large population of neighbouring N. trichotoma 
plants showed no signs of infection, suggesting that 
cross-infection between smut isolates from these plant 
species does not occur in the field (Anderson et al. 
2002). In host-specificity tests, it was demonstrated 
that the South American natives Nassella tenuissima 
(Trin.) Barkworth and N. tenuis (Phil.) Barkworth were 
susceptible to a smut isolate from N. trichotoma and 
that Ustilago sp. did not infect the Australian native 
grasses Austrostipa scabra (Lindl.) S.W.L.Jacobs & 
J.Everett or A. aristiglumis (F.Muell.) S.W.L.Jacobs 
& J.Everett. However, the very low rates of infection 
obtained on N. trichotoma in these tests undermine 
the validity of the negative host-specificity results, so 
that our data on the specificity of this pathogen remain 
inconclusive (Anderson et al. 2003). Further work is 
required on techniques to increase infection rates of 
Ustilago sp. on N. trichotoma before this agent can be 
considered as a potential biological control agent.

Puccinia nassellae   During the early stages of this 
project most investigations concentrated on the rust 
fungus P. nassellae, which infects both target weed spe-
cies. Work on this fungus has been partially reported 
on previously (Anderson et al. 2002, Anderson et al. 
2003). Only uredinia of the rust have been found on N. 
trichotoma, whilst both uredinia and telia have been re-
corded on N. neesiana. Levels of infection in the field 
depend highly on environmental conditions, ranging 
from hardly detectable after prolonged dry periods to 
severe outbreaks that kill plants under favourable wet 
conditions. Cross-inoculations of P. nassellae isolates 
between the two target stipoid species have not resulted 
in any infection, indicating the presence of different 
strains of the rust adapted to specific hosts (Ander-
son et al. 2002). Anderson et al. (2002) found that 

P. nassellae isolates from N. trichotoma infected 
plants of this species collected from every site tested, 
including Australian accessions. However, further 
experiments on host-specificity have provided con-
flicting evidence, as two of the tested isolates infected 
and developed a small number of mature uredinia on 
the Australian native species Austrostipa aristiglumis 
F.Muell., but none of the isolates infected either the 
three tested South American stipoid grasses from dif-
ferent genera or the Australian native A. scabra. More 
research is needed to clarify this issue. In contrast, rust 
isolates from N. neesiana have been found to be much 
more specific, as reported above. 

Corticiaceae sp.   The fungus belonging to the 
Corticiaceae has been found at three of the sites 
surveyed from 1999 to 2002 (Figure 1). It was always 
associated with dying patches of N. trichotoma plants 
showing root and crown necrosis (Briese & Evans 
1998, Anderson et al. 2002). All attempts to isolate 
the pathogen on artificial media have failed, as have 
artificial inoculations of plants. In glasshouse and 
field host-specificity tests reported in Anderson et 
al. (2002), which included target and non-target plant 
species, the positive control N. trichotoma plants were 
not infected by the Corticiaceae fungus under the given 
conditions, precluding any conclusions to be drawn on 
the specificity of this pathogen. 

DISCUSSION
Further investigation is required for all prospective 
candidates for the control of N. trichotoma before an 
appropriate assessment of their potential can be made. 
This has been put on hold to concentrate efforts on 
candidates for N. neesiana, which at this stage seem 
much more promising.

Uromyces pencanus appears as the best candidate 
as a biocontrol agent for N. neesiana in Australia. It 
is easy to work with and appears to be effective and 
an isolate has been identified which is capable of 
infecting all but one of the Australian accessions of 
N. neesiana. It is now believed that teliospores of this 
rust are not functional so that the rust has a reduced 
lifecycle (hemicyclic), forming only uredinia and telia 
on N. neesiana. In addition, it has shown an acceptable 
level of specificity in preliminary tests (Anderson et 
al. 2005, unpublished data). 

Studies on the rust P. graminella have only 
recently begun. Results look promising so far, but 
technical difficulties in setting-up pure cultures need 
to be overcome. The rate of successful infections with 
aeciospores has been very low and spores of this type 
collected from the field are very short-lived (unpub-
lished data). Only a small proportion of teliospores 
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germinate directly, the rest are probably dormant. No 
successful infections have been achieved directly from 
the teliospores, so that the bulking up of this rust for 
further experiments remains a problem. 

The major obstacle with P. nassellae (ex N. nee-
siana) is that its urediniospores lose viability during 
storage and that it may eventually prove to be too 
host-specific. Up to now only one isolate has been 
able to infect three of the six Australian N. neesiana 
accessions. 

Mixed infections by two rusts are not uncommon 
in the field and appear to be particularly damaging to 
the host populations (F. Anderson pers. obs.). The use 
of a combination of agents may eventually be required 
to achieve the desired levels of control. 
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