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Summary
Populations of annual ryegrass in Australia have become
resistant to sulfonylurea herbicides as a result of three
different management strategies, 1) treatment with a
sulfonylurea in several consecutive seasons, 2) treatment
with diclofop - methyl in several consecutive seasons and 3)
treatment with selective herbicides from many chemical
groups including the sulfonylureas in consecutive seasons.
A population resulting from selection with chorsulfuron has
a less sensitive target enzyme, acetolactate synthase (ALS)
plus a greater ability to degrade the herbicide. A
population which developed sulfonylurea cross- resistance
following treatment with the aryloxyphenoxypropionate
herbicide diclofop- methyl has a sensitive ALS but has a
greater ability to degrade chlorsulfuron. A population
which developed resistance following treatment with
selective herbicides from many different chemical groups
has been shown to include a small sub -group which has a
less sensitive ALS but has increased ability to detoxify
chlorsulfuron. The majority of the population has a
sensitive ALS.

There are at least two physiological mechanisms involved
in sulfonylurea resistance in populations of L. rigidum, 1)

increased ability to metabolise the herbicide and 2) a
mutation of the target enzyme ALS. Sulfonylurea resistant
populations of L. rigidum or sub - groupings of such
populations may possess one mechanism or both.
Introduction
Sulfonylurea resistance in annual ryegrass (Lolium rigidum Gaud.)
was first reported in a population which had developed resistance to
the aryloxyphenoxypropionate herbicide diclofop- methyl and cross
resistance to chorsulfuron (3). More recently the development of
sulfonylurea resistance in response to the use of sulfonylureas in
the field has been reported. In at least one instance the selective
sulfonylurea chlorsulfuron was the only selective herbicide used. In
other instances selective herbicides from many different chemical
groups had been used.

The physiology of three populations which developed
sulfonylurea resistance following widely different herbicide
selection in the field were examined.

Materials and methods
Plant material Four biotypes of L. rigidum were studied; 1)

biotype VLR1 which is susceptible to all herbicides registered for
L. rigidum control in Australia, 2) biotype WLR1 which became
resistant to sulfonylureas following selection with chorsulfuron, 3)
biotype VLR69 which became resistant to sulfonylureas following
selection by a wide range of selective herbicides including
chlorsulfuron and 4) biotype SLR31 which became cross resistant to
sulfonylureas following selection with diclofop- methyl.
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Methods Dose response to herbicides of pot grown plants and
metabolism of [14c] chlorsulfuron were determined as described by
Christopher et al (2). ALS inhibition by herbicides was determined
using the method of Ray (4).

Results and Discussion
The three L. rigidum biotypes investigated differed in their
physiological response to sulfonylurea herbicides. Dose response
studies revealed that biotype SLR31 is resistant to the wheat
selective chlorsulfuron (Figure la) but not the non selective
sulfometuron- methyl (Figure lb) while biotype WLR1 is highly
resistant to both. Biotype VLR69 is different to both SLR31 and
WLR1 having a small proportion of (2 to 5 %) of the population which
are highly resistant to sulfometuron- methyl and chlorsulfuron while
the majority are resistant to chlorsulfuron but not sulfometuron-
methyl (data not shown).
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Figure 1. Dose response of pot grown plants of L. rigidum biotypes
VLR1 (), SLR31 (0), and WLR1 (A) to (a) chlorsulfuron and (b)

sulfometuron- methyl.

All three sulfonylurea resistant biotypes possess the ability
to degrade (14C]chlorsulfuron more rapidly than the susceptible
biotype in the tissue of the culms of two leaf seedlings. The
biotypes SLR31, WLR1 and VLR69 degraded 50% of the herbicide in <4h,
5h and <4h respectively versus >7 required by the susceptible
biotype VLR1.

Sulfonylureas and several other groups of herbicides act by
inhibition of the enzyme acetolactate synthase (ALS) (reviewed in

1). Studies of thé inhibition by herbicides of ALS from the
different L. rigidum biotypes reveal that biotype WLR1 possess a
form of the enzyme which is less sensitive to chlorsulfuron (Figure.

2) and sulfometuron- methyl. ALS from biotype SLR31 is highly
sensitive to inhibition by both herbicides. A sub -set of 2 to 5 %
of the individuals from biotype VLR69 which are resistant to
sulfometuron- methyl possess an ALS enzyme, which is less sensitive to
both chlorsulfuron and sulfometuron- methyl while the majority of the
population have ALS which is sensitive to both.

L. rigidum populations can, therefore, possess at least 2
physiological mechanisms which contribute to sulfonylurea
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resistance, an increased ability to metabolise the herbicide and a
modified target enzyme (ALS). Sulfonylurea resistant populations of
L. rigidum may possess one mechanism or both.
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Figure 2. Inhibition of ALS extracted from L. rigidum biotypes
VLR1(0), SLR31 (0) and WLR1 (A).

Increased ability to degrade chlorsulfuron alone does not
confer resistance to the non selective sulfometuron methyl as in
biotype SLR31 and the majority of the individuals from population
VLR69. Plants which have a less- sensitive ALS are resistant both
chlorsulfuron and sulfometuron- methyl in biotype WLR1 and a 2 to 5 %
sub -group of population VLR69.

Sulfonylurea resistant L. rigidum populations arising from
different herbicide management systems differ in the physiological
mechanism(s) of resistance which they possess. A population may
possess only one of the mechanisms discussed, possess both
mechanisms or consist of subgroups of plants which differ in the
physiological.mechanism(s) of resistance. As ryegrass has the
potential to develop many different physiological mechanisms of
resistance the possibility that other mechanisms for sulfonylurea
resistance can also occur in ryegrass populations should not be
excluded.
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