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Summary. This review considers the development of herbicide resistant weed biotypes in
Australia. Biotypes of the important annual weed species, Arctotheca calendula (capeweed),
Hordeum glaucum and Hordeum leporinum (both known as barley grass) are resistant to the
bipyridylium herbicides paraquat and diquat These resistant biotypes developed on a small
number of lucerne fields that have a long history of paraquat /diquat use. The resistant biotypes
are controlled by alternative herbicides and are of little practical concern. Some populations of
wild oat (Avena fatua) are resistant to diclofop-methyl and a recent occurrence is a population of
wild oat (Avena sterilis) that is resistant to haloxyfop-methyl. Of greatest concern is the
development of cross resistance in biotypes of Lolium rigidum (annual ryegrass) to
aryloxyphenoxypropionate, cyclohexanedione, sulfonylurea and dinitroaniline herbicides.
These cross-resistant annual ryegrass biotypes infest crops and are found in pastures at widely
dispersed sites throughout the cropping zones of southern Australia. The options for control of
cross-resistant annual ryegrass by herbicides are limited and considerable research is underway
to develop an integrated weed management strategy of control. A biotype of annual ryegrass on
railway tracks treated for 10 yrs with an amitrole-atrazine mixture has resistance to amitrole and
atrazine and other triazine, triazinone and phenylurea herbicides. Management tactics to
minimise herbicide resistance are discussed as well as the need for a change in attitude to the
current practice of the widespread and persistent use of herbicides without recognition of the
potential for resistance.

INTRODUCTION

Herbicides and other pesticides are major technological tools that are used successtully
throughout the world. However, an adverse consequence of persistent application has been the
emergence of populations resistant to pesticides. Resistance to pesticides is a global
phenomenon that has occurred with fungi, bacteria, insects, rodents, nematodes and plants (6).
Since the first report in 1970 (21) there have been many reports of herbicide resistance in weed
species. Most have appeared in the northern hemisphere and involve resistance to the triazine
herbicides in areas where these herbicides have been extensively used (11). Resistance also has
developed to a diverse range of other herbicides (11). It is apparent that repeated use of the
same, or chemically similar herbicides, will lead to the development of resistant weed
populations (see review by Gressel, this volume).

Herbicide resistance has been confirmed in five weed species in Australia. All of these species
are important and widespread weeds of crops and pastures throughout southern Australia.
Considerable research is underway on these resistant weeds. Of greatest practical and scientific
concern is the appearance of biotypes of the grass weed, annual ryegrass, with cross resistance
to a range of herbicides that are chemically dissimilar and have different modes of action. A
cross-resistant weed biotype is defined as a biotype which has developed resistance after
selection from one herbicide and which then exhibits resistance to herbicides which differ
chemically and which have different modes of action. In this review will shall discuss the
research on herbicide resistant weed populations in Australia.

Cross resistance in biotypes of Lolium rigidum (annual ryegrass) selected in crops and
pastures:

Occurrence. Annual ryegrass is ubiquitous throughout the cropping zones of southern Australia
and is possibly the most important weed of Australian crops. Before the advent of selective
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post-emergence herbicides a combination of cultural practices were used for annual ryegrass
control (20). Since registration in 1978 the aryloxyphenoxypropionate herbicide, diclofop-
methyl, has been widely and successfully used for post-emergent control of annual ryegrass in
cereal and legume crops. Since 1982 the sulfonylurea herbicide chlorsulfuron, which
selectively controls annual ryegrass in cereal crops, has become widely used. In 1989 the
sulfonylurea herbicide, triasulfuron, was introduced for selective control of annual ryegrass in
cereal crops. These three herbicides are applied on vast areas in southern Australian cropping
regions for the control of annual ryegrass and other weeds.

In 1982 an infestation of annual ryegrass in the Bordertown region of South Australia was
reported as resistant to diclofop-methyl (7). Subsequent studies with biotypes from this area
(4,8, see reports this volume) revealed cross resistance to other aryloxyphenoxypropionate
herbicides (fluazifop-butyl, haloxyfop, quizalafop), to cyclohexanedione herbicides
(sethoxydim, tralkoxydim), to sulfonylurea herbicides (chlorsulfuron, metsulfuron,
triasulfuron), to imidazolinone herbicides (imazamethabenz, imazathapyr) and to the
dinitroaniline herbicide trifluralin. The cross resistance observed in annual ryegrass was the
first report of a weed species exhibiting extensive cross resistance to chemically dissimilar
herbicides and to herbicides with different modes of action. Studies show that cross-resistant
biotypes of annual ryegrass are present in all mainland states of southern Australia and that
biotypes selected in different areas can exhibit different degrees and spectrum of cross
resistance (Heap and Knight, unpublished). Table 1 lists the herbicides to which annual
ryegrass biotypes have been found to be resistant.

Table 1. Herbicides against which Lolium rigidum (annual ryegrass) has exhibited cross-
resistance following exposure to diclofop-methyl.

Aryloxyphenoxypropionates:

Diclofop-methyl
Fluazifop-butyl
Fenoxaprop-ethyl
Haloxyfop-methyl
Quizalafop-ethyl

Cyclohexanediones:
Alloxydim
Sethoxydim
Tralkoxydim

Sulfonylureas/Imidazolinones:
Chlorsulfuron
Metsulfuron-methyl
Triasulfuron
Imazamethabenz

Dinitroanilines:

Trifluralin

Farmers report that upon failure of diclofop-methyl, a switch to one or more of the alternative
herbicides listed in Table 1 may or may not control the annual ryegrass. In some instances
control is effected by herbicides such as sethoxydim or chlorsulfuron while in other instances
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cross resistance is evident to these herbicides. Two to three years use of any of the herbicides
listed in Table 1 may result in failure due to the extension of cross resistance.

Cross resistance in annual ryegrass is of scientific importance and practical concern. Cross
resistance in any important weed is of considerable importance to agrichemical companices
because it threatens current and newly released herbicides and others still in development (Table

1).

The primary site of action of the sulfonylurea herbicides is acetolactate synthase (19) and one

of the primary sites of action of the aryloxyphenoxypropionate and cyclohexanedione
herbicides is acetyl CoA carboxylase (22). The mechanism of cross resistance in annual
ryegrass is under active study in our laboratory. Cross resistance to the aryl-
oxyphenoxypropionate, cyclohexanedione and sulfonylurea herbicides is not related to biotype-
specific differences in the amounts or characteristics of the plastidic target enzymes acetyl CoA
carboxylase or acetolactate synthase (12).

In comparison to susceptible ryegrass the resistant ryegrass (which is 30 fold less sensitive to
diclofop-methyl) has a marginally greater capacity to detoxify the herbicide and is able to
recover from diclofop-induced depolarisation of membranes (9, Hausler et al, this volume).
The susceptible biotype does not appear to have the capacity to re-establish membrane polarity.

Ryegrass with resistance to the sulfonylurea herbicide chlorsulfuron has an enhanced capacity
to metabolise the compound (4). The principal metabolite in both susceptible and resistant
ryegrass exhibits characteristics similar to those of a metabolite produced in wheat. The wheat
metabolite is the product of a mixed function oxidase (MFO) type reaction.

Our current opinion on the mechanism of cross resistance in annual ryegrass is that more than
one mechanism is responsible. Certainly all biotypes studied to date exhibit an enhanced
capacity for herbicide detoxification by metabolism. In the case of chlorsulfuron an MFO is
probably involved, in the case of diclofop there is no evidence for enhanced MFO activity.

Control of the resistant biotypes. It is a practical reality that chemical control of the cross-
resistant biotypes of annual ryegrass can be difficult. The options for control are limited as the
list in Table ' represents most of the herbicides registered to control annual ryegrass in crops.
Depending upon the spectrum of cross resistance, control cannot be achieved by alternative
selective herbicides. Research into viable strategies for the control of cross-resistant biotypes
is being undertaken at the Waite Agricultural Research Institute (see Matthews et al, this
volume) and Department of Agriculture laboratories in Victoria (see Davidson, this volume) and
Western Australia (Piper, personal communication). Clearly, integrated strategies to control
cross-resistant annual ryegrass in crops and pastures are required. These will involve
alternation of crops and pastures, judicious choice of herbicides and cultural operations.
Guidelines prepared by researchers and a Herbicide Resistance Action Committee of AVCA
were recently published (18).

Chlorsulfuron resistance in a biotype of Lolium rigidum (annual ryegrass).

A very recent development is the appearance of a biotype of annual ryegrass resistant to the
sulfonylurea herbicide chlorsulfuron (Powles er al, unpublished data). This resistant
population has developed on a Western Australian wheat cropping enterprise in which large
areas of a property were maintained in continuous wheat cropping for seven years and
chlorsulfuron was used as the sole means of weed control. No other selective grass herbicides
have been used on this population and therefore this is the first case in Australia of resistance
developing to a sulfonylurea herbicide. We are now intensively studying this population.
Experiments are underway to determine if there is any cross-resistance to other herbicides and
to examine the mechanism of resistance to chlorsulfuron.
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Cross resistance in a biotype of Lolium rigidum (annual ryegrass) selected along railway lines.

Occurrence. In Australia, as in other parts of the world, railway authorities have relied on
mixtures of contact and residual herbicides for broad-spectrum weed control along railway
lines. In Western Australia 5000 km of railway line have been treated once annually for more
than 10 yrs (to 1988) with an amitrole-atrazine mixture. Until recently this has provided
excellent control of annual ryegrass. However, in recent years annual ryegrass has survived
this treatment along extensive segments of Western Australian railway line. Experiments show
that this biotype is resistant to the triazole herbicide amitrole, to pre- or post-emergent
applications of the triazine herbicide atrazine and there is cross resistance to a wide range of
other triazine herbicides to which the population has never been exposed (3). A suprise finding
was that cross resistance also extended to a wide range of urea herbicides (3, Burnet et al, this
volume).

Triazine resistance is widespread in the northern hemisphere in weeds of major crops (11). In
most instances of triazine resistance there is a modification at photosystem II which prevents
effective binding of the herbicide and thus photosynthetic electron transport is not inhibited (1).
Phenylurea herbicides which also inhibit photosystem II are usually effective on triazine
resistant weeds (1). In Israel triazine resistant biotypes of annual ryegrass have been selected
along roadside verges following the repeated use of atrazine and the resistance is due to the
modification in photosystem II (29).

Studies with isolated chloroplast thylakoids from the Australian annual ryegrass biotype
resistant to triazole, triazine and phenylurea herbicides show that photosystem II activity 1s
normally inhibited by triazine and phenylurea herbicides (3). Therefore a modified
photosystem II is not the mechanism of resistance in this cross-resistant biotype. Further work
is underway to establish the mechanism(s) of cross resistance in this annual ryegrass. In this
research it will be interesting to compare the mechanism that endows cross resistance 1o
aryloxyphenoxypropionate, cyclehexanedione, sulfonylurea and dinitroaniline herbicides (Table
1) with that which endows the cross resistance to triazole, triazine, triazinone and phenylurea
herbicides.

Control of th- resistant biotype. Strong selection pressure from the repeated applications of
high rates of the same herbicides to railway lines provides classical conditions in which
resistance can develop. Since 1988, the use of amitrole and atrazine for weed control on railway
lines in Western Australia has been discontinued because of the failure to control annual
ryegrass. It is noteworthy that much of the railway line infested by the cross-resistant annual
ryegrass traverses crop lands containing large areas of lupins, Lupinus spp, on which simazine
is almost universally applied. No cases are known of ingression of the cross-resistant biotype
from railway lines into adjacent lupin fields.

Following the appearance of cross resistance in annual ryegrass along railway lines the railway
authorities switched from amitrole and atrazine to an alternative herbicide combination of
glyphosate and sulfometuron-methyl. Glyphosate and sulfometuron-methyl have different and
specific sites of action and both herbicides control the amitrole and atrazine resistant biotype
(3). However, as annual ryegrass has already developed resistance to a mixture of the
dissimilar herbicides amitrole and atrazine it is possible that if glyphosate and sulfometuron-
methyl are used repeatedly in the same manner then resistance to these herbicides will also
develop. Recognition of this maxim is not generally appreciated at this time.

Diclofop-methyl resistance in Avena fatua (wild oat).

Occurrence. The aryloxyphenoxypropionate herbicide diclofop-methylis successfully used for
Avena fatua control in cereal and other crops in many parts of the world, including Australia. In
1985, a farmer at York, Western Australia, obtained poor control with diclofop-me.thyl and
subsequent field and pot experiments confirmed that recommended rates of 563 g. a.i./ha had
little effect on this population (Piper, this volume). Field control of the diclofop-methyl resistant
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Avena fatua has been obtained with the aryloxyphenoxypropionate herbicide, fluazifop-butyl,
and the cyclohexanedione herbicide, tralkoxydim (Piper, this volume). Further research
confirms the diclofop-methyl resistance in the York, W.A. population of Avena fatua and
shows that there is no cross-resistance to any other related or dissimilar herbicides (Boutsalis ¢r
al, this volume).

Diclofop-methyl resistant Avena fatua populations have since been identified near to the
original resistant site at York and at Spencers Brook in Western Australia, in central and
southern New South Wales and at 3 sites in the north-east of Victoria and in some sites in
South Australia (unpublished data). Given the widespread usage of diclofop-methyl in
Australia it is likely that many further cases of diclofop-methyl resistance will appear.

Possibility of cross resistance. Resistance to diclofop-methyl in Avena fatua is of considerable
importance. This species, together with Avena sterilis (both known as wild oat and often
interspersed as weeds of crops), are serious weeds of cereal cropping in many countries,
including Australia. Alternative herbicides to diclofop-methyl are registered for the post-
emergent control of Avena fatua in cereals (fenoxaprop-ethyl, tralkoxydim) and broadleaf
crops (various aryloxyphenoxypropionate and cyclohexanedione herbicides). If there is
exclusive and persistent reliance on these alternative herbicides then a very strong selection
pressure will be applied to the diclofop-methyl resistant populations and the potential will exist
for the development of cross resistance similar to that observed in annual ryegrass. This has
probably already occurred in Avena sterilis (see below discussion of resistance in Avena
sterilis).

Haloxyfop-methyl resistance in Avena sterilis (wild oat).

Occurrence. In 1989 a farmer near Bordertown, South Australia, reported a failure of
haloxyfop-methyl to control wild oats. In subsequent pot experiments this population of Avena
sterilis has shown no mortality at rates up to 416 g ai haloxyfop-methyl/ha, whereas Avena
sterilis collected from an adjacent field was killed at 26 g ai/ha (Mansooji et al, this volume).
Preliminary experiments reveal that the haloxyfop-resistant biotype is also resistant to other
aryloxyphenoxypropionate herbicides such as diclofop-methyl, fluazifop-butyl and fenoxaprop-
ethyl. Experiments to establish the extent of cross-resistance are in progress.

Paraquat and diquat resistance in Hordeum glaucum and Hordeum leporinum (both known as
barley grass) and Arctotheca calendula (capeweed).

Occurrence. A biotype of the important annual weed, known as barley grass (Hordeum
glaucum), infesting a lucerne field near Ararat in the Western District of Victoria, was found to
be resistant to paraquat in 1982 (28). This resistant biotype is 250 times less sensitive to
paraquat than normal Hordeum glaucum (14). The resistant biotype was dominant in a lucerne
field which had been sprayed annually since 1969 but was not detected in untreated adjoining
fields. A survey of lucerne fields with a history of paraquat/diquat usage was conducted
throughout Victoria and South Australia in 1985 and 1986 and revealed resistant Hordeum
glaucum was present on nine lucerne fields on four separate farms within the Ararat area (24).
There was no evidence that the resistant biotype had spread from one original site; however, the
survey did reveal that in some cases the resistant biotype had been introduced to uninfested
areas by hay or stock from an infested site (24).

A biotype of the important and widespread annual dicot, Arctotheca calendula (capeweed),
infesting a lucerne field at Elmhurst in the Ararat area is resistant to paraquat/diquat (16). In
addition to capeweed this field is infested with the paraquat/diquat resistant Hordeum glaucum
(24), and recent studies show that this field also contains a resistant biotype of the polyploid
grass Hordeum leporinum, also termed barley grass (25). Therefore, this field hosts three
weed species resistant to paraquat/diquat. This field was sown to lucerne in 1958 and had been
sprayed once annually with paraquat and/or diquat from 1963 to 1986. Throughout this period
the field received a total of 3.6 kg ai/ha paraquat and 3.9 kg/ai diquat. The repeated use of
paraquat/diquat for 24 yrs without cultivation or other herbicides has provided the selection
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pressure allowing the three resistant weed biotypes to dominate. Several other weed species in
this field remain susceptible to paraquat and diquat.

Recently, we have documented that there are two lucerne fields in Tasmania which contain
paraquat and diquat resistant Hordeum leporinum (Purba and Powles, this volume). Both of
these lucerne fields have a long history of paraquat-diquat use.

The relative fitness (inter-and intraspecific competitive ability) of the resistant Hordeum
glaucum is lower than susceptible Hordeum glaucum or Hordeum leporinum from the same
area (26, 27). Paraquat resistance in Hordeum glaucum is endowed by a single incompletely
dominant gene (10). Work to identify the physiological mechanism of paraquat resistance in
Hordeum glaucum reveals that resistance is not due to any changes at the photosystem I active
site in the chloroplast, nor to any increased activity of superoxide dismutase or other enzymes
involved in detoxifying the superoxide formed by paraquat (15). The paraquat and diguat
resistant capeweed also shows no increased activity of superoxide dismutase or other enzymes
(Van de Loo and Powles, unpublished). Resistant Hordeum glaucum leaves are able to bind
substantial quantities of paraquat outside of the symplast, thereby preventing paraquat from
reaching its active site within the chloroplast (2). These results with paraquat resistant
Hordeum glaucum are consistent with results obtained with various paraquat resistant weeds in
the northern hemisphere (reviewed in [S]). No physiological work has yet been conducted with
the paraquat and diquat resistant Hordeum leporinum. It will be interesting to contrast the
mechanistic basis of paraquat and diquat resistance in the three species from one field.

Control of the resistant biotypes. Resistant Hordeum glaucum has only appeared on a few
lucerne fields with a history of paraquat/diquat application (24). The resistant capeweed has
only been found on one lucerne field. Resistant Hordeum leporinum has only been found on
one field in Victoria and two fields in Tasmania. These paraquat/diquat resistant biotypes have
not been found in any other crops. Farmers have controlled the resistant biotypes with
alternative herbicides as the resistance is specific for paraquat and diquat. Both non-selective
knock-down control and in-crop control of the resistant biotypes have been achieved, although
control of the resistant biotypes has involved extra cost.

TACTICS FOR THE PREVENTION OR MANAGEMENT OF HERBICIDE RESISTANCE
1. Tactics to overcome herbicide resistance (when resistance has developed).

Although there have been many cases of herbicide resistance throughout the world there has
been little need for concerted control strategies because control of the resistant biotypes can
usually be obtained by alternative herbicides. Management factors, especially the choice and
combination of herbicides, have changed in response to the appearance of resistance. Triazine
resistant weeds in the northern hemisphere exhibit little cross-resistance and have been
controlled by alternative herbicides or a combination of triazine herbicide and a herbicide with a
different mode of action. This has also been the case in Australia with the Avena fatua resistant
to diclofop-methyl and the weeds that are resistant to paraquat/diquat. Control has simply been
achieved by switching to alternative herbicides. Thus the agricultural impact of the resistant
weed biotypes has been limited as alternative herbicides are readily available, albeit sometimes
at greater cost. It should be stressed that continued reliance on a single alternative herbicide can
result in the development of resistance to the replacement herbicides.

Cross resistance to chemically dissimilar herbicides such as that evident in annual ryegrass
biotypes in Australia (Table 1) means that cross-resistant biotypes cannot be controlled simply
by changing herbicides. Practical control of cross-resistant biotypes in crops can be difficult to
achieve. Annual ryegrass is not the only cross-resistant weed; in cereal growing regions of
England and West Germany biotypes of blackgrass, Alopecurus myosuroides, are cross-
resistant to a number of chemically dissimilar herbicides (13). If the forces that select for cross
resistance in weeds are similar to that which operate on insects then it is likely that cross
resistance will occur in other weed species (6). Perusal of the insecticide resistance literature
reveals that many insect species exhibit cross resistance and that their control by chemical
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means is difficult (6). Ryegrass and blackgrass are simply the first two examples of cross
resistance in weed species. The pattern of resistance in a biotype of Avena sterilis (Mansooji ¢t
al, this volume) may indicate that this species is exhibiting the same phenomenon.

The management of herbicide cross-resistant annual ryegrass requires an integrated weed
management strategy (cultural practices together with crop, pasture and herbicide rotation).
Integrated weed management techniques have long been used to control recalcitrant weed
species throughout the world (although the control measures adopted are rarely defined as
integrated weed management). An example in Australia is the control of Vulpia fasciculata. for
which there are few selective herbicide options (Vulpia is not controlled by the
aryloxyphenoxypropionate or the cyclohexanedione herbicides). Control is achieved by a
number of methods including cultivation, pasture and grazing management, spray topping, crop
rotation and pre-emergent use of trifluralin and simazine. Farmers controlling Vulpia fasciculata
by these techniques are practicing integrated weed management, although they may not define it
in this way. The appearance of herbicide cross-resistant ryegrass (or other weed species) will
require similar consideration. An integrated weed management strategy is advocated to control
cross-resistant annual ryegrass (18, see also Davidson, Matthews et a/ and Sykes et al, this
volume) and will be further defined as research reveals new strategies. We are fortunate that, in
addition to herbicides, there are a number of other management tools (see Carter, this volume)
which can be used to control herbicide cross-resistant weeds. Widespread adoption of
integrated weed management techniques will require substantial public and private sector
research and extension efforts.

2. Tactics to minimise the development of herbicide resistance.

It must be recognised that the great majority of Australian farmers have always practiced
integrated weed management for the control of weeds. While farmers and advisors may not
have used this term to describe the use of cultivation, the grazing animal, pasture-topping,
burning etc. there is no doubt that these practices, together with a pasture/crop rotation,
constitutes an integrated weed management system. By the use of these varied weed control
practices farmers have (unconsciously) acted to avoid or greatly delay the emergence of
herbicide resistant weed biotypes. Australian farmers should be encouraged to maintain this
diversity of operations in the control of weeds. The converse is represented by those Australian
farmers who rely heavily (or exclusively) on the use of selective and non-selective herbicides
for weed control and who crop intensively or continuously on some fields. There is no doubt
that it is these farmers who are at the greatest risk of developing herbicide resistance. Our
observations clearly identify that farmers practicing intensive or continuous cropping run a
much greater risk of developing resistance. Under such conditions, a consistent selection
pressure is placed on the weed population and herbicide resistance is the inevitable result.
Farmers practicing such cropping regimes need to be alerted to the probability of resistance
appearing under these conditions and should consider modifications to their cropping practices.

3. A need for a change in emphasis by industry and advisors: Advocacy of strategies which will
minimise the likelihood of herbicide resistance.

A great challenge to weed scientists and to public and private sector advisors in Australia and
elsewhere (11, Gressel, this volume) will be the development of herbicide management
strategies which minimise the rate of development of resistance. Currently, herbicides are
promoted and used by all sectors of the industry with little recognition that their persistent use
will lead to resistance. There are virtually no recommendations that herbicide types be rotated or
used sparingly so as to minimise the likelihood of resistance. From an agrichemical company
viewpoint there appears to be no short-term commercial advantage in adopting such a strategy
as the limited patent life of proprietry herbicides means considerable financial pressure exists to
maximise herbicide usage in the short term. It should also be stated that, thus far, herbicide
resistance has had only minimal adverse impact on herbicide producers in Australia and
elsewhere in the world. For these reasons marketing strategists have taken little account of the
impact of herbicide resistance and commercial considerations have made it unattractive for
companies to implement management strategies for proprietry herbicides which would
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minimise the likelihood of resistance. A similar situation prevails with non-proprietary "off-
patent” herbicides. A case in point in Australia at this time exists with the herbicide diclofop-
methyl. This herbicide is widely used throughout cropping regions of southern Australia and
we estimate that there may be currently at least 300 individual farms in southern Australia that
have Lolium rigidum populations with a high level of resistance to diclofop-methyl and cross
resistance to various other herbicides of the types listed in Table 1. Diclofop-methyl is now
"off-patent” and is being marketed by two Australian-based companies in addition to the
original patent holder. To our knowledge there are no marketing strategies or practices which
would minimise the further development of diclofop-methyl resistance despite the fact that
resistance is already geographically widespread throughout southern Australia. The long term
implications are clear. If use of diclofop-methyl continues to increase and if it is used as in the
recent past then resistance in annual ryegrass and wild oats will become much more
widespread. The spectre of cross resistance further complicates this situation, with other
herbicides being rendered inutile because of selection for cross resistance. Recognition of the
biological inevitability of resistance is, in our view, currently lacking in the marketing
strategies adopted by many producers of herbicides, as it is in many other sectors of the weed
control community.

The first example of a commercial attempt to manage herbicide resistance has recently occurred
in North America with the introduction of management strategies to attempt to counter
resistance to the sulfonylurea herbicides (McKinley, this volume). Even this excellent program
is re-active, having been introduced following the appearance of sulfonylurea resistance in
North America. Such strategies will need to be considered in Australia following the appearance
in Australia of the first case of chlorsulfuron resistance (Powes et al, unpublished data). There
is a need for a considerable change in attitude among herbicide producers, herbicide advisors
and herbicide users if we are to maintain the arsenal of herbicides which currently are available.
It is incumbent on both public and private sector weed scientists to recognise the threat of
herbicide resistance and to investigate and promote strategies to minimise the development of
resistance. We are convinced that with a modicum of creativity it is possible to manage
herbicide usage so as to minimise herbicide resistance and thereby maintain the range of
herbicides available to agriculture in this country and elsewhere.
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