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Abstract

 
Nassella neesiana (Trin. and Rupr.) Barkworth (Chilean needle grass, CNG, Poaceae) is 
a Weed of National Significance in Australia and a declared pest plant in parts of New 
Zealand. Studies have been conducted in Argentina to identify potential biological control 
agents (pathogens) for this species. The rust Uromyces pencanus Arthur & Holw has been 
selected for having the greatest potential: it is highly host specific and can cause significant 
damage to the target weed. Most of the host range testing for the selected isolate (UP27) is 
now complete. No pustules have developed on any of the test species other than the target. 
However, there has been some development of the rust, with formation of haustoria, in 
Piptatherum miliaceum (L.) Cosson and several Austrostipa spp. In addition, some of the 
inoculated plants of P. miliaceum showed peculiar macrosymptoms (“blisters”) somewhat 
resembling pustules. Resistance mechanisms were observed to occur in all these species, 
probably explaining why the rust could not develop further to produce spores. As Austrostipa 
and Piptatherum are very closely related to Nassella (all in the tribe Stipeae) these results are 
not unexpected. It is surprising though that penetration, with little further development, 
was observed in other congeneric Nassella spp. tested. Testing of various isolates of U. 
pencanus revealed they varied greatly in their ability to attack different populations of 
CNG. U. pencanus isolate UP27 is able to infect eight out of the nine tested Australian 
populations and one out of three from New Zealand. An isolate has yet to be found that 
is able to infect those CNG populations resistant to UP27: those tested so far have failed. 
Authorities in New Zealand have recently approved the importation of U. pencanus for 
release in that country. An application to release the rust in Australia will be prepared soon.

Introduction 

Nassella neesiana (Trin. and Rupr.) Barkworth 
(Chilean needle grass, Poaceae) is a perennial 
tussock-forming grass that is indigenous to 
Argentina, Bolivia, Chile, Ecuador, southern Brazil 

and Uruguay (Rosengurt et al. 1970). In Australia, 
it is both a serious environmental weed (Carr et al. 
1992; McLaren et al. 1998) and a problem weed of 
agriculture (Grech 2007) and is a Weed of National 
Significance (WONS) (Thorp and Lynch 2000). It 
is widespread in Victoria, NSW and the ACT with 
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weeks was selected because there is generally a two-
week gap between inoculation and spore production 
on positive control plants. All inoculated plants were 
then inspected for external symptoms of infection. 
Also, samples were taken for internal microscopic 
examination at one week after inoculation and at the 
end of each experiment (four weeks). These samples 
were cleared and stained so as to make it easier 
to distinguish between fungal and plant tissues 
under the microscope using a modification of the 
Bruzzese and Hasan (1983) method (Flemmer et 
al., 2010). Each species was screened at least twice. 

Results
 

     Most Australian accessions of N. neesiana proved 
to be susceptible to isolate UP27, with development 
of normal uredinia on infected leaves. However, a 
collection of N. neesiana from Ballarat (Victoria) 
did not become infected. Plants from only one out 
of the three tested accessions from New Zealand 
(Marlborough) proved to be susceptible, while those 
from the other two (Hawke´s Bay and Auckland) 
did not become infected. There were no pustules 
formed on any of the other species tested. Peculiar 
symptoms that looked like blisters, and somewhat 
resembled pustules, were formed on some of 
the inoculated leaves of Piptatherum miliaceum. 
Microscopic examination revealed these “blisters” 
were composed of plant rather than fungal tissues 
and were formed in response to rust penetration 
at some infection sites. Here both hyperplasia and 
hypertrophy seem to occur. On a few other species 
leaf spots were formed on inoculated leaves i.e., 
small yellow specks on congeneric Nassella species 
and small black spots on several Austrostipa species. 
Table 1 shows a summary of the results obtained on 
50 tested species. These are listed in decreasing order 
of taxonomic relatedness with N. neesiana, the target 
weed. Details of the interactions of the rust and 
host cells at a microscopic level and the resistance 
mechanisms recorded will be presented elsewhere. 

Discussion 

As a result of the inoculation experiments using 
U. pencanus isolate UP27, no pustules developed on 
any test species other than the target N. neesiana. 

recent outbreaks occurring in Queensland, SA and 
Tasmania (Snell et al. 2007). N. neesiana is also a 
serious weed in New Zealand (Bourdôt and Hurrell 
1992). Small populations occur in the North Island 
but the worst infestations occur in the Marlborough 
region, near the top of the south island. 

Difficulties in controlling Chilean needle grass 
by chemical and cultural methods have led to 
investigations into the possible use of pathogens 
for biological control of this species in Australia 
and New Zealand. The rust U. pencanus has 
the greatest potential as: it is relatively easy to 
manipulate; it persists as urediniospores; it is highly 
host specific; and, can cause significant damage to 
the target weed (Giordano et al. 2009, Anderson 
et al. 2010a). We discuss the results of the host 
range testing carried out to study the specificity 
of the rust. We also report the outcome of the 
application to introduce the rust to New Zealand. 

Materials and Methods
 

      A host specificity test list of 58 grass species was 
developed that included significant Australian and 
New Zealand native and commercially important 
grass species selected according to their taxonomic 
relatedness to N. neesiana. Testing was conducted in 
part at CERZOS in Bahía Blanca, Argentina, where 
the project is based, and part in a quarantine facility 
located at IMYZA-INTA, Castelar, Buenos Aires, 
Argentina, where all species exotic to Argentina had 
to be tested (Anderson et al., 2010b).

An isolate (UP27) of the rust fungus that 
originated from a field site in Bahía Blanca was 
selected on the basis of its virulence against 
Australian accessions of N. neesiana (Anderson 
et al. 2006). Batches of 4-5 test plant species were 
screened at one time, with a total of 8 plants being 
tested for each test species whenever availability 
permitted. Dry urediniospores mixed in talcum 
powder (ratio 1:30) were brushed onto the adaxial 
side of two leaves per plant, which were later sprayed 
with water. Accessions of N. neesiana from the 
Australian Capital Territory (ACT) were included 
in each test as positive controls. Inoculated plants 
were maintained at 18-20ºC under a 12h (D:L) 
photoperiod and 100% relative humidity (RH) for 
48h, after which they were kept under the same 
conditions, but at 70% RH for four weeks. Four 
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Species

Macroscopic  
Symptoms

Microscopic Symptoms*
1 2 3 4 5 6 7 8 9 10

Nassella neesiana (Trin. & 
Rupr.) Barkworth [ACT]

Pustules X X X X

N. neesiana [Bacchus Marsh, 
Vic]

Pustules  NE

N. neesiana [Ballarat, Vic] None NE
N. neesiana [Clifton Springs, Qld]  Pustules X X X X
N. neesiana [Fitzroy flats, NSW] Pustules  X X X X
N. neesiana [Goulburn, NSW] Pustules NE
N. neesiana [Laverton, Vic] Pustules  NE
N. neesiana [Thomastown, Vic] Pustules NE
N. neesiana [Truganina, Vic] Pustules  NE
N. neesiana [Auckland, NZ] None X X (X) (X) X X
N. neesiana [Hawke’s Bay, NZ] None X X X
N. neesiana [Marlborough, NZ] Pustules X X X X
N. charruana (Arechav.) Bark-
worth

None X (X) X (X) X

N. hyalina (Nees) Barkworth Yellow leaf spots  X X (X) X
N. leucotricha (Trin. & Rupr.) 
R.W. Pohl in Barkworth

Yellow leaf spots  X (X) X (X) (X) X

N. tenuissima (Trin.) Barkworth None  X X (X) X
N. trichotoma (Nees) Hack. ex 
Arechav. [Dalgety, NSW] 

Yellow leaf spots  X X X

N. trichotoma [N. Canterbury, 
NSW] 

None X X

Achnatherum caudatum (Trin.) 
S.W.L. Jacobs & J. Everett

None X X (X) X (X)

Austrostipa aristiglumis (F. 
Muell.) S.W.L. Jacobs & J. 
Everett

None  X X X X

A. bigeniculata (Hughes) S.W.L. 
Jacobs & J. Everett

None  X X X (X) X

A. breviglumis (Hughes) S.W.L. 
Jacobs & J. Everett

  Black leaf spots X X X X X (X)

A. elegantissima (Labill.) S.W.L. 
Jacobs & J. Everett

Black leaf spots  X X (X) X X

A. eremophila (Reader) S.W.L. 
Jacobs & J. Everett

Black leaf spots  X X X X X (X)

A. flavescens (Labill.) S.W.L. 
Jacobs & J. Everett

Black leaf spots  (X) (X) (X) (X) (X) X

A. mollis (R.Br.) S.W.L. Jacobs 
& J. Everett

None X (X) X (X) X X

Table 1. Host specificity Uromyces pencanus on Poaceae species.
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Species

Macroscopic  
Symptoms

Microscopic Symptoms*
1 2 3 4 5 6 7 8 9 10

A. nitida (Summerh. & C.E. 
Hubb.) S.W.L. Jacobs & J. 
Everett

Brown leaf spots  X X (X) (X) (X) (X)

A. nullanulla (J. Everett & 
S.W.L. Jacobs) S.W.L. Jacobs & 
J. Everett

Black leaf spots  X (X) X (X) X X (X)

A. rudis (Spreng.) S.W.L. Jacobs 
& J. Everett

None X X (X) X (X)

A. setacea (R.Br.) S.W.L. Jacobs & 
J. Everett

None X (X) X (X) X (X)

A. scabra (Lindl.) S.W.L. Jacobs 
& J. Everett

None  X X (X) X (X) (X?)

A. verticillata (Nees ex Spreng.) 
S.W.L. Jacobs & J. Everett

None  (X) (X) (X)

Piptochaetium napostaense 
(Speg.) Hack.

Yellow leaf spots  X X X (X)

Piptatherum miliaceum (L.) 
Coss

Yellow leaf spots, 
"blisters"

(X) X X (X) (X)

Avena sativa L. None  (X) (X) X
Brachypodium distachyon (L.) 
P. Beauv.

None X X (X) (X) (X)

Bromus catharticus Vahl. Yellow leaf spots  X X X X
Dichanthium aristatum  (Poir.) 
C.E. Hubbard

None X (X) X X X X

Elymus scabrifolius (Döll) J.H. 
Hunz.

Yellow leaf spots X (X) X (X) (X)

Eragrostis curvula (Schrad.) 
Nees

None X (X) (X) X

Festuca arundinacea Schreb. None  X X X X (X)
Hordeum vulgare L. Yellow leaf spots X X X
Lolium perenne L. None  X X X X
Phalaris aquatica L. Yellow leaf spots  X X X (X) (X)
Poa ligularis Nees ex Steud. None X X X (X)
Secale cereale L. None X X X X X
Triticum aestivum L. cv. ACA 
303 

None X X X X X X

T. aestivum cv. Arriero  None X X X X X X
T. aestivum cv. Guapo  Yellow leaf spots  X X X X X X
T. aestivum cv. Liquén Yellow leaf spots X X X X X X
T. aestivum cv. Malevo Yellow leaf spots  X X (X) X X X
T. aestivum cv. Sureño None  X X X X X X
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Species

Macroscopic  
Symptoms

Microscopic Symptoms*
1 2 3 4 5 6 7 8 9 10

T. aestivum unknown cv. Yellow leaf spots X X X X
Microlaena stipoides (Labill.) 
R.Br.

None (X) (X) (X) (X?)

Oryza sativa L. None X X X X (X)
Phyllostachys aurea Riviere & C. 
Riviere

None X (X) (X) X

Phragmites australis (Cav.) Trin. 
ex Steud.

None X X X X

Austrodanthonia geniculata 
(J.M. Black) H.P. Linder

None (X) (X) (X) X (X)

Chloris gayana Kunth. None X (X) X X
Cynodon dactylon (L.) Pers. None X X X
Sporobolus rigens (Tr.) Desv. None X (X) X
Aristida pallens Cav. Yellow leaf spots X (X) X
Bothriochloa springfieldii 
(Gould) Parodi

None (X) (X) (X) (X)

Cymbopogon citratus (DC.) 
Stapf.

None (X) X

Paspalum dilatatum Poir. Yellow leaf spots  X (X) X X (X)
Pennisetum clandestinum 
Hochst. ex Chiov. 

None X X X X X

Sorghum halepense (L.) Pers. None X X X
Zea mays L. None X X X X X X

* 1= normal spore germination; 2= abnormal spore germination; 3= normal appresoria; 4= abnormal appresoria or 
non-stomatic appresoria; 5= penetration not observed; 6= penetration, two to four infection hyphae formed from 
substomatal vesicle, growth cessation; 7= penetration + contact with plant cells, growth cessation; 8= penetration + 
contact with plant cells + thickening of cell walls, growth cessation; 9= haustoria; 10= abundant intercellular mycelia. 
( )= observation was infrequent; ?= observation was doubtful; NE= not examined.
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Moreover, one of the tested Australian accessions of 
N. neesiana and two from New Zealand (Auckland 
and Hawke´s Bay) did not become infected either. 
It should be noted that results regarding these two 
accessions from New Zealand are not conclusive as 
only four plants from Auckland were available for 
testing and those from Hawke´s Bay belonged to only 
one site. Fortunately, the Marlborough population 
of N. neesiana, which is susceptible to UP27, is 
the infestation in New Zealand that most requires 
a biological control agent. An isolate has yet to be 
found that is able to infect plants from populations 
not susceptible to UP27. 

Different types of leaf spots were formed 
on inoculated leaves of several test species but 
there appears to be no direct relation between 
the presence of these symptoms and the level of 
development reached by the rust within inoculated 
leaves. Leaf spots were formed on leaves where no 
penetration was recorded, and conversely, there 
were instances of no apparent symptoms on leaves 
where penetration by the rust was later confirmed 
under the microscope (Anderson, unpublished). 
There was some development of the rust within the 
leaves of P. miliaceum and several Austrostipa spp, 
in which a few haustoria and some development of 
intercellular mycelium was observed, but no such 
development was recorded in congeneric Nassella 
species. This was unexpected, as typically, the taxa 
most susceptible to a pathogen are the plants most 
closely related to its preferred host (Wapshere 1974). 
Still, development of the rust within leaf tissues only 
occurred in grasses belonging to the same tribe 
as the target weed and the pathogen could only 
complete development on some populations of N. 
neesiana. Conducting host range studies in artificial 
conditions can predispose plants to infection 
(Parker et al., 1994), and lead to an over estimation 
of the field host range. Overall, our results suggest 
that the rust is very unlikely to cause any damage 
to non-target plants in the field. Several different 
resistance mechanisms were observed during these 
studies which will be discussed in detail elsewhere. 
Such mechanisms include: abnormal germination; 
incorrect appresorium positioning; inhibition of 
growth shortly after penetration; thickening of host 
cell wall in response to the presence of, or contact 
with, fungal hyphae; necrosis of cells in the proximity 
of the penetration area; and, encasement of haustoria 

by deposition of cell material (Heath, 1981, Heath 
1982 & Heath, 1997). In most cases, more than one 
mechanism was recorded on samples of a single 
inoculated leaf. These plant defenses probably 
account for the failure of the rust to produce pustules 
on all of the tested species. On the basis of these 
findings, authorities in New Zealand have recently 
approved the importation of U. pencanus isolate 27 
for the control of N. neesiana in that country. This 
is a historic achievement as this is the first time a 
pathogen has been approved for release on a grass. 
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