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Abstract   Australia is a world leader in biological
control practices. Despite this, there has been a lack of
research and development in the area of bioherbicides.
The concept of bioherbicides was only recently devel-
oped, in comparison to other sciences associated with
weed control. Bioherbicides are commercially avail-
able in the USA, South Africa, China, Canada, and
Japan. However, no bioherbicides have been commer-
cially developed in Australia. The constraints to de-
veloping bioherbicides have been well defined in the
literature, however there has been a failure to focus
research to overcome the perceived constraints. Cur-
rently, research at Charles Sturt University in collabo-
ration with Generex Research and Development has
produced promising results in the development of a
bioherbicide for the control of Asteraceae species. The
results of this project will be discussed in relation to
the development of an alternative weed control for 2000
and beyond.

INTRODUCTION

Australia is a leading country in the research and im-
plementation of classical biological control.  Classical
biological control being the intentional introduction
of one or more organisms which attack the weed in its
native range, or elsewhere, to a region where the weed
exists at noxious levels in the absence of the organ-
isms (Burge, 1988). A celebrated example of classical
biological weed control is the use of a rust fungus
Puccinia chondrillina Bubak. and Sydow. to control
skeletonweed (Chondrilla juncea L.).  Despite the suc-
cess and research effort contributed to classical bio-
logical control in Australia, little attention has been
given to the inundative approach to biological con-
trol. Inundative biological control using plant patho-
gens is referred to as the bioherbicide tactic. A
bioherbicide is defined as “the use of plant pathogens
which are expected to kill the target weed(s)” (Crump
et al., 1999). At present, there are no bioherbicides
commercially available in Australia. However, several
bioherbicides are available in other countries includ-
ing Japan, United States, South Africa, Canada and
the Netherlands. The majority of these countries have
a large research effort in the discovery and develop-
ment of weed pathogens, which have potential as

bioherbicides.  In Australia, there are fewer than 10
scientists fully committed to the discovery and devel-
opment of bioherbicides. Furthermore, many projects
are initiated as postgraduate studies, however the
projects are not taken through to the development and
commercialisation stages due to lack of financial in-
vestment. Throughout the literature, many constraints
to the development of bioherbicides have been pro-
posed (Auld and Morin, 1995). Perhaps the most fre-
quently reported constraint to bioherbicide develop-
ment has been the moisture requirement for infection.
However, due to the lack of available funding and per-
sonnel many projects have only “scratched the surface”
with the majority of effort being directed to the dis-
covery and preliminary development of a plant patho-
gen. Therefore, there are many questions regarding the
reality of bioherbicides within Australia. The answers
lie in the possibilities associated with bioherbicides
and not in the constraints. The partnership of Generex
Research and Development with Charles Sturt Uni-
versity is committed to discovering the possibilities of
bioherbicides and produce bioherbicides on the Aus-
tralian market.

THE POSSIBILITIES OF BIOHERBICIDES

It is important to realise that a bioherbicide is not an
analogue of a chemical herbicide and, therefore, in this
context, no preconceptions of a bioherbicide should
be made.  In addition, bioherbicides will not replace
chemical herbicides, or any other weed control method.
Indeed, bioherbicides should be incorporated in an
integrated weed management strategy, working as ad-
juncts with existing technology (Medd, 1992).

The low costs associated with the development of
bioherbicides allows products to be produced for small
niche markets (Auld, 1992). These markets would not
be financially viable for the development of conven-
tional herbicides or classical biological control. Al-
though, it does not imply that bioherbicide are only
restricted to small markets. The increasing occurrence
of herbicide resistant weeds expands the potential op-
portunity for bioherbicides. While bioherbicides would
provide a control option for herbicide resistant weeds,
it is believed there is a low chance of bioherbicide
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resistance developing due to the multiple mechanisms
involved in pathogenesis (Auld and Morin, 1995). In
addition, the pathogen used as a bioherbicide should
coevolve with the host therefore, isolates of the patho-
gen should be available to overcome resistance as it
developed in the host. This is demonstrated in disease
epidemic such as stripe rust of wheat, in which case
plant breeders have to ensure the integration of new or
different combinations of resistant genes in new wheat
varieties. The rust fungus is continually evolving and
has overcome some of the genes or gene combinations
encoded resistance in the host.

Many bioherbicides are targeting relative few weeds
in comparison to chemical herbicides. In some cases,
the market may not be large enough to support the de-
velopment of a bioherbicide on the basis of only one
or few weeds being controlled. However, it is possible
to expand the host range of a plant pathogen.   Formu-
lation additives can be use to expand the host range of
mycoherbicides. For example, Alternaria cassiae for-
mulated in water was shown to only infect Cassia
obtustifolia L. (Sicklepod), however when formulated
in an invert emulsion the pathogenicity and host
specificity was increased (Amsellem et al., 1991). It is
hypothesised that the invert emulsion may act by physi-
cally damaging the cuticle or by suppressing the plants
natural defences. The interaction between chemical
herbicides and bioherbicides has been also been re-
ported as an approach to improving the spectrum of
weed control (Bannon, et al., 1990). Further improve-
ments to bioherbicide efficacy could be possible using
genetic engineering. Charudattan and coworkers (1996)
altered the virulence and host range of a bacterium by
inserting genes which encoded for the production of
bialaphos, a glutamine-synthetase inhibiting herbicide.
Similarly, it would be possible to remove undesirable
characters of a plant pathogen using standard genetic
engineering practices. For example, a mammalian toxin
gene could be removed or disrupted.

The identification of pathogens and preliminary de-
velopment of bioherbicides within Australia has been
done by chance. To produce a single chemical herbi-
cide, many chemical compounds are screened. There
is a need to take a similar approach with bioherbicides.
This can be achieved by conducting surveys of weed
diseases, and screening these pathogens for potential
as bioherbicides. The surveys could be of a local re-
gion or of weed native ranges in similar style to the
classical biological control surveys. The results of these
surveys would ensure the most appropriate pathogen
is selected for bioherbicide development.

The requirement for moisture by a plant pathogen to
infect a host is considered to be a major constraint for
the development of bioherbicides. However, this should
not be seen as a deterrent to the development of
bioherbicides. The ability to overcome the dew require-
ment of plant pathogens is a challenge to scientists
involved in bioherbicide development. There have been
positive results obtained from formulation of
bioherbicides. Formulation additives have been suc-
cessfully used to increase the effective availability of
moisture whilst reducing the length of the dew period
required for disease development. For example, the
formulation of Alternaria helianthi conidia with corn
oil emulsion, Silwet or Tween 20 decreased the require-
ment of dew from 24 hours to 10-12 hours (Abbas and
Egley, 1996).  Formulation additives, which speed up
the entry of the pathogen into the host, also decrease
the required dew period. These additives include nu-
trients, enzymes and phytotoxins (herbicides). Nutri-
ents can be used to increase the vigour of the patho-
gen, and or, stimulate the production of enzymes and
or phytotoxins used in pathogenicity.

The type of formulation used would largely determine
the application technology used to deliver
bioherbicides. However, it has been appealing to re-
strict bioherbicide formulations to suit existing appli-
cation technology. The use of novel application tech-
nology should not be dismissed (Klein, 1992). For
example, the product Canperico™ developed by Ja-
pan Tobacco requires to be applied to turf after mow-
ing to ensure the control of bluegrass.

The results of bioherbicide research, both within Aus-
tralia and overseas, have shown the effectiveness of
plant pathogens as bioherbicides. However, there are
constraints that are perceived to limit the commercial
development of bioherbicides. The failure to focus on
the possibilities of overcoming the difficulties associ-
ated with bioherbicides will deprive Australian farm-
ers of an ecologically sound weed control strategy. The
investment made by Generex in collaboration with
Charles Sturt University will allow bioherbicide(s) to
be available to Australian farmers in the next 4-5years.

AN AUSTRALIAN BIOHERBICIDE

A fungal pathogen known as Phomopsis sp. has shown
potential to be developed as a bioherbicide for the con-
trol of several weeds belonging to the Asteracaea fam-
ily, including saffron thistle, noogoora burr, Bathurst
burr and bitou bush. The pathogen also controls
fumitory. The wide host range of the pathogen enhances
the commercial viability for its development as a
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bioherbicide. Furthermore, genetic and phenotypic
analysis of the Phomopsis sp. has shown the species
appears to be unique and unrelated to any species which
is known to cause disease on important agricultural or
horticultural crops.

The bioherbicide consists of macerated fungal myc-
elium as opposed to the conventional use of spores.
The mycelium can be applied using conventional boom
spray equipment, with no negative effects to the vi-
ability of the pathogen. Plant mortality is observed
within 4 days after application using a 2-day dew pe-
riod. Research is now focused on reducing the require-
ment of dew period.

CONCLUSIONS

What will be the future options for weed control with
the increasing populations of herbicide resistant weeds?
The future will need more sustainable options for weed
control.  There are difficulties in the development of
bioherbicides, this is not an issue. However, the per-
ceived difficulties should not deter research and de-
velopment of bioherbicides. It must be remembered
that the first bioherbicide (Devine®) was only released
in the US in 1981. Since the release of Devine®, the
findings of bioherbicide research both in Australia and
overseas have improved the development of
bioherbicides. Generex and Charles Sturt University
are committed to the development of bioherbicides in
Australia.
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