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Abstract   The CRC for Weed Management Systems
is actively involved in weed biological control using
pathogens following the inundative (bioherbicide) and
classical approaches. Bioherbicide work in the CRC
has investigated a number of target weeds, including
Bathurst burr, wild oats, Bitou bush and saffron this-
tle. However, an overriding constraint to all
bioherbicide projects for dryland agriculture is a re-
quirement for an extended period of dew or free mois-
ture for efficacy of the fungal pathogens. This has led
the CRC to invest resources into research on formula-
tion of bioherbicides. Other CRC projects are looking
into pathogens for use as classical biological control
agents. This approach involves the introduction and
establishment of pathogens from the native range of
the target weed into the region where the weed is a
problem. A major CRC project is currently investigat-
ing the South African rust Puccinia myrsiphylli
(Theum.) Wint. for classical biological control of bridal
creeper. Other projects are assessing the suitability of
exotic pathogens of saffron thistle, boneseed/bitou
bush, Bathurst burr, wild radish and serrated tussock
for classical biological control in Australia.

INTRODUCTION

The CRC for Weed Management Systems is actively
involved in weed biological control using pathogens
following the inundative (bioherbicide) and classical
approaches. The utilisation of plant pathogens as bio-
logical control agents has become increasingly preva-
lent worldwide as an effective weed control measure.
This paper focuses on achievements made by the CRC
for Weed Management Systems in this area of research.
Emphasis will also be placed on some of the challenges
faced.

INUNDATIVE APPROACH

The inundative approach, or bioherbicide tactic, in-
volves applications onto the target weed of massive
doses of propagules of a plant pathogen in order to
create a rapid and high intensity epidemic and control
the weed. Formulation of the bioherbicides is required

to keep propagules viable and infective for a reason-
able amount of time and to provide adequate condi-
tions for infection after application (Auld and Morin
1995).

Bitou bush   A CRC-funded project has shown that
naturally occurring isolates of Sclerotinia sclerotiorum
(Lib.) de Bary cause rapid disease and plant death in
bitou bush and boneseed. Forty-five species of coastal
native flora were tested for susceptibility to mycelial
inoculum. While nine species were susceptible to in-
fection only one species died, disease progression in
the other species ceased when plants were removed
from high humidity environments.

Sclerotia were examined as an alternative inoculum
source. While they are readily produced in culture, they
have specific requirements for germination and as-
cospore production. Additionally, only flowers appear
to be susceptible to infection. Ascospore discharge
would need to coincide with flowering.

Cracked wheat or buckwheat grain, colonised by the
fungus, has a shelf life of many months at room tem-
perature (and longer at lower temperatures). It is easy
to produce, is more robust than macerated mycelium
and provides an effective food source from which the
fungus can invade the plant. It is also an easy inocu-
lum for Dune Care volunteers and others to scatter onto
bushes. Field evaluation of cracked-grain inoculum
awaits further funding.

Saffron thistle   A Phomopsis sp. that is virulent to
saffron thistle, Cathamus lanatus L., is under investi-
gation as a bioherbicide (Crump et al. 1996). The fun-
gus has a wide host range, with the ability to infect
several weeds in the Asteraceae. Research on mass
production of the fungus and formulation of mycelia
as inoculum is underway.

Wild oats   Following extensive field surveys and
pathogenicity testing, the fungus Drechslera avenacea
(M.A. Curtis ex Cooke) Shoem. was chosen as the most
promising candidate for a bioherbicide for wild oats
Avena fatua L. and related species (Hetherington et al.
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1998). Current research is focussing on mass produc-
tion of the fungus and etiology of the disease. In addi-
tion, the use of the fungus with low rates of herbicides
is being investigated to promote rapid kill.

Annual ryegrass   The fungus Pyrenophora
seminiperda (Brittlebank & Adam) Shoem., is being
investigated for its potential as a seed kill bioherbicide
for annual ryegrass Lolium rigidum Gaudin. The em-
phasis of the research is on ways to improve efficacy
and the possible implications of mycotoxins.

Bathurst burr   Research on the naturally occurring
(in Australia) pathogen Colletotrichum orbiculare
(Berk. & Mont.) v. Arx, has demonstrated that this
pathogen is a very efficient bioherbicide candidate for
Bathurst burr, Xanthium spinosum L., under favour-
able moisture conditions (Auld et al. 1990). This limi-
tation however, has militated against the fungus being
commercialised as a product. Two approaches to over-
come the moisture requirement of the fungus have been
taken. One of these was to search for and collect other
isolates of the fungus from a wide range of environ-
ments in Argentina in the hope of funding one which
had a reduced ‘dew’ requirement compared with Aus-
tralian isolates. This proved unfruitful. None of the
Argentinian isolates collected were superior by any
criterion to the best Australian isolate (Auld and Say
1999). The second approach has been to try to develop
liquid formulations of spores of the fungus which re-
tain moisture around the spores after spray application
to the weed (see below).

Formulation of bioherbicides   The Bathurst burr/
Colletotrichum bioherbicide is being used as a model
system to investigate formulations which can reduce
dew dependence in bioherbicides. In current work,
natural gum polymers, and manufactured poly-
acrylamides are being assessed as additives. In 1999,
new initiatives to explore the potential of novel poly-
mers specifically made as bioherbicide formulation
components commenced with the CRC and the Key
Centre for Polymer Colloids, Chemistry Department,
University of Sydney.

CLASSICAL APPROACH

The classical approach of biological control of weeds
involves the introduction and establishment of patho-
gens from the native range of the target weed into the
region where the weed is a problem. Releases of ini-
tial inoculum and monitoring of the establishment of
the pathogen are required, but negligible inputs are
generally necessary once the pathogen is established

and spreading. Although arthropods have been pre-
dominantly utilised in the classical approach, plant
pathogens (so far mainly fungi) have been increasingly
used since the 1970’s and have shown their huge po-
tential in suppressing weed infestations (Cullen et al.
1973, Trujillo 1985, Morris 1997). Fungal pathogens,
in particular rusts, are considered excellent biocontrol
agents because they can cause severe disease epidem-
ics, disperse efficiently and are generally host-specific.

A promising rust to control bridal creeper   A major
CRC project is currently investigating the rust Puccinia
myrsiphylli (Theum.) Wint. for classical biological
control of bridal creeper (Asparagus asparagoides (L.)
Wight) in Australia. This macrocyclic and autoecious
rust severely infects cladodes (‘leaves’) and stems of
A. asparagoides in several climatic regions of South
Africa (Doidge 1926).

Following months of negotiations with the Australian
Quarantine and Inspection Service (AQIS), the High
Security Area of the CSIRO Black Mountain Quaran-
tine Facility in Canberra was approved in May 1998
for conducting research on this exotic rust. Several iso-
lates of the rust were then imported in quarantine and,
established and purified on plants. The aggressiveness
of three isolates that produced abundant uredinia on
plants was evaluated on accessions of bridal creeper
from South Australia, Western Australia, Victoria and
New South Wales. All accessions were susceptible to
the isolates and no major difference in aggressiveness
was recorded. One of these isolates was selected for
host-specificity testing on 54 selected cultivars/spe-
cies. All the plants species tested to date, including
species closely related to bridal creeper such as culti-
vated asparagus (Asparagus officinalis L.) and the
native Asparagus racemosus L., have been found to
be immune to the rust. Permission to release the rust
in Australia will be sought as soon as testing is com-
pleted (probably in spring 1999).

Major releases will only be performed in late summer-
autumn 2000 because bridal creeper foliage senesces
at the onset of the summer in most regions in Aus-
tralia. We intend to monitor the spread of the rust after
major releases at a few selected sites. The official re-
lease of an exotic pathogen on a continent island such
as Australia offers a unique opportunity to undertake
studies on large-scale dispersal and climate limitation
of plant diseases.

Challenging life-cycle of Chrysanthemoides rust   The
South African, microcyclic rust fungus Endophyllum
osteospermi (Doidge) A.R. Wood (formerly referred
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to as Aecidium osteospermi Doidge) has been investi-
gated for several years as a potential biological con-
trol agent for boneseed (Chrysanthemoides monilifera
(L.) Norl. ssp. monilifera) and bitou bush (C.
monilifera ssp. monilifera) in Australia (Morris 1982,
Wood 1998).

It systemically infects branches of its host and stimu-
late the production of witches’ broom symptoms with
multiple, swollen stems and short internodes, and small
and slightly chlorotic leaves. Infected branches pro-
duce few or no fruit and usually die within 1-4 years.
Witches’ brooms, however, take from 6 months to 2
years to develop on plants and to produce fruiting bod-
ies of the fungus which are required to initiate a new
infection cycle.

Endophyllum osteospermi is only reported from
Chrysanthemoides species in South Africa. A selec-
tion of closely-related economic plants and indigenous
Australian species are currently being tested for their
susceptibility to the rust. Should high specificity to-
wards the target weeds be confirmed permission to
release the rust in Australia will be sought. The chal-
lenges then will be to find a way to produce a genera-
tion of spores in an artificial environment in quaran-
tine to comply with AQIS regulations. The long incu-
bation period between infection and reproduction of
the rust and its apparent inability to sporulate under
artificial conditions are the main hurdles to overcome.

Uncertain prospects for saffron thistle pathogens
Host-specificity is the most important criterion that a
candidate exotic pathogen must fulfil before it can be
introduced to Australia for biological control of weeds.
The European microcyclic rust fungus Puccinia
sommieriana Sacc. and the facultative parasite Septoria
centrophylli Bubák & Ranójevic have been shown to
infect accessions of saffron thistle from Australia.
However, in preliminary host-specificity tests isolates
of the pathogens were found to infect safflower
(Carthamus tinctorius L.), a closely-related crop plant.
While safflower is not currently grown extensively in
Australia, it is still considered an important oilseed crop
because of the quality of its oil. A study of the benefits
of introducing these pathogens for saffron thistle ver-
sus the costs to the safflower industry will be required
before further work on these fungi is considered.

Cercospora on Bathurst burr: to be continued    Iso-
lates of the Argentinian pathogen Cercospora
xanthicola Heald & Wolf were imported in the CSIRO
Black Mountain Quarantine Facility in June 1998 to
assess the potential of this fungus for the classical

biological control of Bathurst burr in Australia. The
initial phase of the project was designed to demon-
strate the pathogenicity of the fungus on the target weed
and conduct preliminary host-specificity testing on
cultivars of sunflower (Helianthus annuus L.), the most
closely-related crop to Bathurst burr. Although an ef-
ficient method was devised to mass-produce the fun-
gus, its pathogenicity could not be properly assessed
due to the putative poor vigour of the isolates received.
These isolates had to spend an extended period of time
in storage (2-3 years) in the UK after their collection
in Argentina because of delay in obtaining approval to
import the fungus in quarantine in Australia.

Work on this project will resume as soon as additional
isolates of the fungus, freshly collected in Argentina,
are sent to the quarantine facility in Canberra.

Searching for new candidate pathogens   Two new
projects have been initiated by the CRC for Weed
Management Systems to find and assess the potential
of exotic pathogens for the control of wild radish
(Raphanus raphanistrum L.) and, serrated tussock
(Nassella trichotoma (Nees) Arech.) and other exotic
Nassella species.

The project on wild radish is based at the CSIRO Eu-
ropean Laboratory in Montpellier, France. Several
fungi have been recovered from disease symptoms on
wild radish during field surveys in Greece, Tunisia,
Portugal, Spain and southern France. In the first in-
stance, the pathogenicity of these fungi will be assessed
on various accessions of wild radish and canola (a
closely-related crop plant), in order to determine their
potential for use as biological control agents.

The recently initiated project on serrated tussock and
other weedy Nassella species is based in Bahia Blanca,
Argentina in collaboration with CERZOS (Centro de
Recursos Naturales Renovables de la Zona Semiarida).
The main aims of the project are to study the ecology
of serrated tussock in its native range, conduct com-
prehensive surveys for candidate pathogens for bio-
logical control and assess their pathogenicity againts
the target weed and non-target species, such as related
stipoid grasses (Briese et al. In press).

CONCLUSION

Biological control using pathogens is a promising tool
that can be incorporated in integrated management
systems for widespread and troublesome weeds. CRC
research is directed to specific weed problems as well
as broader issues addressing those with fundamental
research.
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