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Summary
While a number of transgenic crops pro-
posed for introduction into Australia
have transgenic herbicide tolerance as
one trait, not all herbicide-tolerant crop
varieties to be introduced into the Aus-
tralian farming system were produced
through the use of genetic engineering
techniques. All herbicide-tolerant crop
varieties, regardless of how they were
produced, will have an impact on the
management of existing herbicide-resist-
ant weed populations and on the poten-
tial for further resistance evolution in
weeds. The herbicide tolerances most
likely to be introduced and the implica-
tions for resistance management are dis-
cussed.

Introduction
It is expected that a range of herbicide-
tolerant crop varieties will be introduced
into Australian cropping systems in the
next few years. Either traditional breeding
or genetic engineering techniques have
been used to produce these varieties. An
example of a traditionally bred variety is
triazine-tolerant canola. The herbicide re-
sistance to triazine herbicides was trans-
ferred from a close relative of canola,
Brassica juncea, via sexual crossing and
subsequent backcrossing (Beversdorf et al.
1988). In contrast, the gene for glyphosate
resistance is only found in bacteria (Brad-
shaw et al. 1997) and must be transferred
to plants using genetic engineering. De-
spite the method of production, the im-
portant issue is that both varieties are
resistant to herbicides not normally used
in these crops.

Herbicides are the method of choice for
weed control in Australian broad area
cropping systems. The persistent use of a
selected number of herbicides to control
weeds in cropping has resulted in the
rapid evolution of herbicide resistance
(Gill 1995, Powles et al. 1997). Currently
there are 22 weed species in Australia with
populations resistant to a range of herbi-
cides (Preston et al. 1999). The vast major-
ity of these weed populations are in the
winter cereal-cropping zone, where herbi-
cides are intensively used over a wide
area. The evolution of herbicide resistance
in weed populations has been one impe-
tus behind the widespread adoption of
triazine-tolerant canola.

One of the major uses of herbicide-
tolerant crop varieties will be in the man-
agement of weeds resistant to the selective
Group A and B herbicides. Currently,
Australian farming systems have signifi-
cant problems with herbicide resistant
weed populations. It is imperative that the
herbicide-tolerant crop varieties are intro-
duced in a manner than maximizes the
long-term sustainable use of the associ-
ated herbicides and avoids the rapid evo-
lution of resistance.

Herbicide resistant weeds in
Australia
Herbicide resistance was first docu-
mented for a population of Lolium rigidum
resistant to diclofop-methyl in 1982 (Heap
and Knight, 1982). Since then, the number
of weed species with herbicide-resistance
has increased substantially (Preston et al.
1999). The number of weed species with
resistance in Australia is comparable with
other developed countries, such as the
USA and Canada, which rely heavily on
herbicides for weed control (Heap 1997).
There are currently 22 different weed

species in Australia, which have con-
firmed herbicide resistance (Table 1). Her-
bicide resistance is most evident to the
Group B herbicides (includes the sul-
fonylureas and imidazolinones) with 13
species having populations resistant to
this mode of action. In addition, a number
of grass weeds have developed resistance
to the Group A herbicides (the aryloxy-
phenoxypropanoates and cyclohexane-
diones). L. rigidum has developed resist-
ance to the greatest number of different
herbicide modes of action, largely because
this species is present in high numbers
within crops and is widespread across
southern Australia (Gill 1996). The result-
ing large numbers treated with herbicides
maximizes the opportunities for the selec-
tion of resistant populations. Herbicide re-
sistance is most evident in the southern
Australian cereal cropping zone, but other
areas are not unaffected (Preston et al.
1999). Typically, herbicide resistance has
appeared in areas where one or few herbi-
cides are used persistently to manage
weeds.

Transgenic crops worldwide
The area planted to transgenic crops
worldwide was 39.9 million hectares in
1999 (James 1999). Twelve different coun-
tries are now growing transgenic crops,
the largest contributor being the USA with
72% of the global area. The area of trans-
genic crops grown in Australia is 0.1 mil-
lion hectares, a figure which has remained
static for three years. The principal traits
so far introduced into commercial trans-
genic crops are herbicide tolerance and in-
sect resistance, these two traits account for
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Table 1. Herbicide-resistant weed species in Australia, classified by mode
of action group. Adapted from Preston et al. (1999).

Weed species Common name Mode of action
 groups with resistance

Arctotheca calendula Cape weed L
Avena fatua Wild oats A
Avena sterilis ssp. ludoviciana Wild oats A
Brassica tournefortii Long fruited turnip B
Cyperus difformis Dirty dora B
Damasonium minus Starfruit B
Digitaria sanguinalis Large crabgrass A
Echium plantagineum Paterson’s curse B
Fallopia convolvulus Black bindweed B
Hordeum glaucum Barley grass L
Hordeum leporinum Barley grass A, L
Lactuca serriola Prickly lettuce B
Lolium rigidum Annual ryegrass A, B, C, D, F, M
Phalaris paradoxa Paradoxa grass A
Raphanus raphanistrum Wild radish B, C, F
Rapistrum rugosum Wild turnip B
Sagittaria montevidensis Arrowhead B
Sisymbrium orientale Indian hedge mustard B
Sisymbrium thellungii African turnip weed B
Sonchus oleraceus Common sowthistle B
Urochloa panicoides Liverseed grass C
Vulpia bromoides Silver grass L
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over 90% of the transgenic crops grown
worldwide.

Transgenic crops in Australia
The introduction of transgenic crop varie-
ties into Australia is controlled by the Ge-
netic Manipulation Advisory Committee
(GMAC) and to date the only crop in
broad area production is insect resistant
cotton which contains the Bacillus thuring-
iensis toxin. As of 1999, Australia contrib-
uted 0.1 million hectares to the total
area of transgenic crop varieties grown
worldwide (James 1999). Last year of 25
planned release proposals, seven con-
tained herbicide-tolerant traits, including
tolerance to glyphosate, 2,4-D, brom-
oxynil, and glufosinate ammonium. The
types of crops included cotton, canola,
lupins, and subterranean clover.

Herbicide-tolerant crop varieties in
Australia
Currently there are no genetically engi-
neered herbicide-tolerant crop varieties in
production in Australia. However, tri-
azine-tolerant canola was grown over ap-
proximately 1 million hectares in the
southern Australian cropping zone in
1999. This will soon be followed by
the introduction of traditionally bred
imidazolinone-tolerant crops. The intro-
duction of any new herbicide-tolerant va-
riety will ultimately change the use pat-
tern of herbicides and therefore change
the selection pressure for the evolution of
herbicide resistant weeds. The following
discussion considers the risks of evolution
of herbicide resistant weed populations
from the deployment of different herbi-
cide-tolerant crop varieties.

Triazine tolerance
Triazine-tolerant canola is already grown
over a large area in Australia. The triazine
herbicides belong to Group C and Aus-
tralia already has three weed species with
resistance to these herbicides (Table 1).
Simazine, a triazine herbicide, has been
widely used in Western Australia mainly
in pulse and lupin crops (Bowran 1996).
However, in 1999 more than 0.5 million
hectares of Western Australia was sown to
triazine-tolerant canola. In the wheat-
lupin rotation common to parts of West-
ern Australia, simazine has been used
every second year for up to two decades.
The addition of triazine-tolerant canola to
this rotation has resulted in the rapid
identification of a number of triazine-
resistant L. rigidum and Raphanus raph-
anistrum populations (S. Powles, personal
communication). The use of triazine-toler-
ant canola in this rotation has not been the
best option, as the loss of triazine herbi-
cides will greatly restrict herbicide options
in the lupin phase. Clearly the use of
triazine herbicides in triazine-tolerant
canola should be limited to where triazine

herbicides have not been extensively
used.

Imidazolinone tolerance
Imidazolinone-tolerant canola and wheat
have been developed through conven-
tional breeding techniques. The
imidazolinones are Group B herbicides
and there is substantial resistance to
Group B herbicides already in Australia
(Table 1). However, most resistant
populations have been selected with and
developed resistance to the sulfonylurea
herbicides. Even so, between 10 and 30%
of L. rigidum populations with sulfonyl-
urea resistance are also resistant to
imidazolinones (Gill 1995), indicating a
significant degree of cross-resistance.
Similar patterns of cross-resistance have
been observed with Group B resistant
broadleaf weeds (Table 2). In areas where
there is an existing history of Group B her-
bicide-resistance, imidazolinones can be
expected to fail on at least one in three
fields. Resistance also develops rapidly to
the Group B herbicides (Gill 1995,
Boutsalis and Powles 1995). Therefore, it
would be wise for growers with existing
Group B resistant weeds or with a previ-
ous history of Group B herbicide use to
introduce imidazolinone-tolerant crops
with care. The use of both imidazolinones
in canola and sulfonylureas in cereal crops
will rapidly select for resistance. Growers
will need to decide how to best use their
Group B herbicides to obtain maximum
value.

Bromoxynil tolerance
Bromoxynil, like the triazines, is a Group
C herbicide. However, as yet there are no
reported cases of bromoxynil resistance in
Australia. Both bromoxynil and triazines
have the same mode of action but are
chemically distinct and hence differ in
their binding to photosystem II. Impor-
tantly, weed populations resistant to tri-
azines are not cross-resistant to brom-
oxynil (Fuerst et al. 1986, Gray et al. 1995).
Bromoxynil is less widely used than the
triazine herbicides and worldwide brom-
oxynil resistance is rare (Heap 1997). On
balance, the introduction of bromoxynil-
tolerant crop varieties is less of a concern
for evolution of resistance in weeds com-
pared with triazine-tolerant crops.

Glufosinate tolerance
Glufosinate is not currently registered for
use in broadacre crops in Australia and is
mainly used in horticulture. Glufosinate is
a Group N herbicide, a group to which no
weed populations have evolved resistance
(Heap 1997). The introduction of crops en-
dowed with glufosinate-tolerance will de-
liver a new herbicide mode of action into
Australian broad area cropping systems.
With the lack of pre-existing glufosinate
use in broad area cropping, there is no rea-
son to expect the development of resist-
ance to this herbicide for some time pro-
vided rotations are correctly managed.

Glyphosate tolerance
This group M herbicide is already exten-
sively used in Australia in both agricul-
tural and non-agricultural systems. Re-
cently two populations of L. rigidum have
been discovered which are resistant to
glyphosate (Powles et al. 1998). With the
already extensive use of glyphosate and
the appearance of resistant weed popu-
lations, the introduction of crop varieties
tolerant to this herbicide poses particular
problems.

Currently the major use of glyphosate
in broad area cropping is for pre-seeding
weed control. If glyphosate-tolerant crops
are introduced into this system, this herbi-
cide will also be applied post-sowing. If
the existing use-pattern is continued with
additional application of glyphosate ‘in-
crop’, the likelihood of resistant weed
populations evolving will increase. There
are several strategies that can be imple-
mented to delay the development of resist-
ance. The simplest would be to use a her-
bicide other than glyphosate pre-seeding
in years when glyphosate-tolerant crops
are grown or an alternative to glyphosate
in years when the glyphosate-tolerant
crop is not grown. Genetic and population
dynamics models suggest that these two
options are equally advantageous for
slowing evolution of resistance (Preston et
al. 1999); however, the latter option has
the additional advantage in assisting
management of herbicide-tolerant volun-
teers.

Glyphosate is a widely-used herbicide
and a major tool in the management of
weeds resistant to the Group A and B her-
bicides. It is unlikely that a replacement

Table 2. Cross-resistance to imazethapyr of chlorsulfuron-resistant
broadleaf weed populations (Preston and Rieger, unpublished data).

Weed species Populations resistant Populations cross-resistant
to chlorsulfuron to imazethapyr

Sisymbrium orientale 21 6
Raphanus raphanistrum 6 5
Lactuca serriola 2 2
Echium plantagineum 1 0
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for glyphosate will be available in the fore-
seeable future. Therefore, it is imperative
that strategies to delay the evolution of re-
sistant to glyphosate are in place when
glyphosate-tolerant crops are marketed.

Conclusions
The next few years are expected to see an
increase in both traditionally bred and ge-
netically engineered herbicide-tolerant
crop varieties. The rapid adoption of tri-
azine-tolerant canola in Australia sug-
gests that adoption of other herbicide-
tolerant crop varieties will also be rapid.
In Western Australia, existing resistance
in R. raphanistrum populations to the
Group B herbicides and triazines means
new herbicide modes of action are ur-
gently required for use with canola. The
transgenic herbicide-tolerant crops are a
ready solution to this problem.

Of the herbicide-tolerant crop varieties
proposed for introduction into Australia,
only one, glufosinate tolerance, will result
in a new herbicide mode of action in broad
area cropping. All other modes of action
are currently available, but new uses for
these herbicides will occur. Careful man-
agement will be required to reduce the
additional selection pressure for herbicide
resistance accompanying the use of these
varieties. The future challenge is to deter-
mine strategies that will introduce herbi-
cide-tolerant crop varieties in an effective
way while minimizing the development
of herbicide resistant weed populations.
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