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Weed Technology. 2001. Volume 15:242-248 

High Levels of Herbicide Resistance in Rigid Ryegrass (Lolium rigidum) in the 
Wheat Belt of Western Australia' 

RICK S. LLEWELLYN and STEPHEN B. POWLES2 

Abstract: A random survey of 264 cropping fields in the Western Australian wheat belt was con- 
ducted to determine the extent of rigid ryegrass resistance to commonly used acetolactate synthase- 
and acetyl-CoA carboxylase-inhibiting herbicides. Rigid ryegrass infestation density was assessed 
and seed samples collected and subsequently tested for resistance to diclofop-methyl, clethodim, 
chlorsulfuron, and sulfometuron. Of these randomly collected populations, 46% exhibited resistance 
to diclofop-methyl and 64% to chlorsulfuron, with 37% exhibiting multiple resistance to both her- 
bicides. Only 28% of tested populations were classified as susceptible to both diclofop-methyl and 
chlorsulfuron, although all but one population were susceptible to clethodim. Large differences in 
the proportion of fields containing resistant populations were found between agronomic areas, re- 
flecting different cropping and, therefore, herbicide use history. There was no significant association 
between resistance status and the density at which rigid ryegrass was present. Herbicide-resistant 
rigid ryegrass populations are now more common than susceptible populations across much of the 
Western Australian wheat belt. 
Nomenclature: Chlorsulfuron; clethodim; diclofop-methyl; sulfometuron; rigid ryegrass, Lolium rig- 
idum Gaud. #3 LOLRI. 
Additional index word: Weed density. 
Abbreviations: ACCase, acetyl-CoA carboxylase; ALS, acetolactate synthase. 

INTRODUCTION 

Western Australia is Australia's largest grain-produc- 
ing state, with recent production in the wheat belt region 
averaging 11 million ton of grain from 7 million ha of 
crop sown (Anonymous 1999a). The cropping system is 
based around wheat (Triticum aestivum L.) production 
(4.5 million ha), with lupin (Lupinus angustifolius L.) (1 
million ha) as the most extensively grown noncereal 
crop. The Western Australian wheat belt is widely per- 
ceived to have one of the world's most significant her- 
bicide resistance problems. This is attributed to wide- 
spread multiple herbicide resistance in rigid ryegrass, the 
most important weed species of Australian cropping. 
However, despite a relatively long history of resistance 
development, the extent of the problem has not previ- 
ously been quantified. 

I Received for publication August 1, 2000, and in revised form January 
8, 2001. 

2 Ph.D. student, Western Australian Herbicide Resistance Initiative and 
Agricultural and Resource Economics Group, Faculty of Agriculture, Univer- 
sity of Western Australia, Nedlands, WA 6907; Professor, Western Australian 
Herbicide Resistance Initiative, Faculty of Agriculture, University of Western 
Australia, Nedlands, WA 6907. Corresponding author's E-mail: 
rllewell @ agric.uwa.edu.au. 

I Letters following this symbol are a WSSA-approved computer code from 
Composite List of Weeds, Revised 1989. Available only on computer disk 
from WSSA, 810 East 10th Street, Lawrence, KS 66044-8897. 

Rigid ryegrass demonstrates an ability to rapidly de- 
velop resistance to the acetyl-CoA carboxylase- (AC- 
Case) (Heap and Knight 1990; Tardif et al. 1993) and 
acetolactate synthase-(ALS) inhibiting herbicides (Chris- 
topher et al. 1992), the first of which were introduced to 
the Australian cropping market in the early 1980s. These 
herbicide groups include most of the herbicides regis- 
tered for crop-selective control of rigid ryegrass in West- 
ern Australian cropping systems. Diclofop-methyl, the 
first ACCase-inhibiting herbicide available in Western 
Australia, was rapidly adopted by growers, primarily for 
selective control of rigid ryegrass in wheat. Other AC- 
Case-inhibiting herbicides became popular for control of 
grass weeds in dicot crops. Chlorsulfuron, the first of the 
ALS-inhibiting herbicides available, was also rapidly 
adopted by growers in the 1980s, largely because of its 
ability to selectively control rigid ryegrass and a broad 
spectrum of dicot weeds in wheat (Powles and Bowran 
2000). 

A study of Western Australian rigid ryegrass popu- 
lations by Gill (1995) found that the development of re- 
sistance to the aryloxyphenoxypropanoate ACCase-in- 
hibiting herbicides, such as diclofop-methyl, and the sul- 
fonylurea ALS-inhibiting herbicides, such as chlorsul- 
furon, was most common. Although multiple resistance 
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and cross-resistance in rigid ryegrass has been well doc- 
umented (Hall et al. 1994; Tardif et al. 1997), it is widely 
experienced that many aryloxyphenoxypropanoate-resis- 
tant populations remain susceptible to some of the cy- 
clohexanedione ACCase-inhibiting herbicides. 

It is important to quantify the extent and severity of 
herbicide resistance. Improved understanding of the ex- 
tent and distribution of herbicide resistance should aid 
the targeting of herbicide resistance-related research and 
extension to specific cropping areas. Growers currently 
faced with managing highly resistant weed populations 
are likely to have different information requirements and 
face different costs compared with those still in a posi- 
tion to delay or prevent herbicide resistance (Orson 
1999). A measure of the extent of resistance also pro- 
vides a useful benchmark for future monitoring of resis- 
tance development. Some surveys have measured the ex- 
tent of resistant weed populations (e.g., Beckie et al. 
1999; Bourgeois et al. 1997; Nietschke 1997; Pratley et 
al. 1993). No such study has previously been conducted 
in Western Australia. 

The surveying of a large number of randomly chosen 
fields also presents the opportunity to measure the den- 
sity of weeds present and relate this to herbicide resis- 
tance status. In studies examining economic aspects of 
herbicide-resistant rigid ryegrass management (e.g., 
Gorddard et al. 1995), the costs of resistance can be 
placed in two general categories. One is the cost of re- 
placing the herbicide to which resistance has developed 
with alternative weed control methods or herbicides (Be- 
ckie et al. 1999), and the other is the cost of yield re- 
ductions that may result from higher weed levels. By 
examining the relation between herbicide resistance sta- 
tus and weed density, it is possible to gain some insight 
into the relative importance of the latter. 

In this paper we present data from a random survey 
of a large number of cropping fields within a range of 
agronomic areas in the Western Australian wheat belt. 
The study focuses on the most important weed, rigid 
ryegrass, and ACCase- and ALS-inhibiting herbicides, 
the herbicide classes to which rigid ryegrass is most like- 
ly to have developed resistance. 

MATERIALS AND METHODS 

Survey. In southern Australian cropping agroecosys- 
tems, rigid ryegrass infesting crops generally flowers in 
September and produces mature seeds by October. Seed 
maturation occurs before grain harvest, which usually 
takes place in November to December. In this survey, 
mature rigid ryegrass seed from plants infesting cropped 
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Figure 1. Map of southwestern Western Australia showing agronomic areas 
from which rigid ryegrass populations were collected for herbicide resistance 
testing. Latitudes and average annual rainfall isohyets are shown. 

fields was collected before harvest in 1998 (October to 
November). Two hundred sixty-four in-crop fields were 
randomly visited across eight agronomic areas of the 
central Western Australian wheat belt (Figure 1). Defined 
by three latitude and rainfall zones, this large area in- 
cludes a range of historical cropping intensities and se- 
lective herbicide use. Within each of the eight agronomic 
areas, 33 fields were randomly selected by traveling a 
predetermined distance (5 km) along minor and major 
roads and then surveying the nearest in-crop field. A 
hand-held global positioning system unit was used to 
record latitude and longitude for each site. The vast ma- 
jority of surveyed fields (168) were wheat, with the re- 
mainder comprising lupin (27), barley (Hordeum vulgare 
L.) (26), oat (Avena sativa L.) (23), canola (Brassica 
napus L.) (17), chickpea (Cicer arietinum L.) (2), and 
field pea (Pisum sativum L.) (1). 

An area of approximately 5,000 m2 was surveyed in 
each field by two people each following an inverted V- 
shaped path, beginning no less than 20 m from the edge 
of the field. Mature rigid ryegrass spikes were collected 
from plants along the sampling path. If more than 10 
seed-producing rigid ryegrass plants were found within 
the sampling area, the seed sample was retained. If fewer 
than 10 seed-producing plants were found, no sample 
was retained, as it was considered that too few seedlings 
for testing may result or the seed sample may not sat- 
isfactorily represent the plant population in the sample 
area. Rigid ryegrass density was visually assessed on the 
basis of the following categories: none (no plants visible 
in survey area), very low (< 10 plants found in the sam- 
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pling area), low (< 1 plant/M2), medium (1-10 plants/ 
mi2), high (> 10 plants/M2), and very high (> 10 plants/ 
mi2, rigid ryegrass dominating crop). 

Resistance Testing. Seed samples representing 191 rigid 
ryegrass populations were collected and stored under 
normal summer temperatures before being germinated 
and grown for herbicide resistance testing from May to 
August 1999 at the University of Western Australia cam- 
pus. This is the normal growing period for this species 
in southern Australia. Plants were grown outdoors in 30 
cm X 40 cm X 10 cm trays (potting mix of 50% com- 
posted pine bark, 25% peat, and 25% river sand, regu- 
larly watered) containing approximately 25 plants from 
each of three populations. A small number of popula- 
tions did not achieve satisfactory germination or estab- 
lishment, resulting in fewer than 191 populations being 
tested. 

ACCase-Inhibiting Herbicides. When the majority of 
rigid ryegrass plants were at the three-leaf stage (all had 
reached the two-leaf stage), diclofop-methyl was applied 
at 375 g/ha in two passes with an adjuvant4 (0.25% v/v) 
using a hand-held sprayer delivering 118 L/ha at 200 
kPa. Mortality was recorded 14 d after treatment. Pop- 
ulations were classified as resistant if more than 20% of 
rigid ryegrass plants survived the herbicide treatment. 
Populations in which 1 to 20% of plants survived were 
classified as developing resistance. Where all plants were 
killed by the herbicide treatment, the population was 
classified as susceptible. All surviving individuals in the 
diclofop-methyl-resistant populations were subsequently 
treated with the cyclohexanedione herbicide, clethodim 
(48 g/ha with 1% v/v spray oil5). This herbicide was 
chosen to determine the extent to which the populations 
were resistant to both aryloxyphenoxypropanoate (diclo- 
fop-methyl) and cyclohexanedione (clethodim) herbi- 
cides. It is widely experienced that diclofop-methyl-re- 
sistant populations can initially be controlled with cleth- 
odim. 

ALS-Inhibiting Herbicides. Initial testing for resistance 
to ALS inhibitors was conducted on 183 populations us- 
ing chlorsulfuron (30 g/ha) applied to plants at the one- 
to two-leaf stage using the same procedure and adjuvant4 
(0.1% v/v) as described for the diclofop-methyl testing. 
Three weeks after treatment, visual assessments were 
conducted and populations classified as resistant, devel- 

4BS 1000 (1,000 g/L alcohol alkoxylate) Crop Care Australasia Pty. Ltd., 
Australia. 

5 Hasten (704 g/L esterified [ethyl-based] canola oil and nonionic surfac- 
tants) Victorian Chemicals, Australia. 

oping resistance, or susceptible as described above. Vi- 
sual assessment was used because of the nature of the 
response of rigid ryegrass to chlorsulfuron treatment in 
the absence of crop competition where distinct mortality 
does not always occur. Populations classified as resistant 
were trimmed to a height of 2 cm and allowed to regrow 
under glasshouse conditions before being treated with 
sulfometuron (30 g/ha) and adjuvant (0.1% v/v). It has 
been reported that rigid ryegrass resistance to sulfome- 
turon indicates an ALS target-site-based resistance 
mechanism (Burnet et al. 1994). 

Statistical Analyses. Because of the noninterval vari- 
ables, analyses involving density were largely restricted 
to chi-square and rank order measures of association. To 
allow expected values to be of a sufficient size, rigid 
ryegrass density classifications of < 1 plant per m2, 1 to 
10 plants per m2, and > 10 plants per m2 were used in 
contingency table tests. However, an ANOVA was also 
performed to test for significant differences in rigid rye- 
grass density between agronomic areas using the six rig- 
id ryegrass density scores (log-transformed). For the 
populations tested for diclofop-methyl and chlorsulfuron 
resistance, a 3 X 3 chi-square contingency table test was 
used to determine associations between rigid ryegrass 
density and resistance to each herbicide. To test for any 
relation between resistance status to both diclofop-meth- 
yl and chlorsulfuron and rigid ryegrass density, popula- 
tions were given a score of 2 for each diclofop-methyl 
and chlorsulfuron resistant classification and 1 for each 
developing resistance classification. This score was used 
in a 4 X 3 chi-square contingency table test to determine 
any association between combined resistance status and 
density. Proportional reduction in error measures of as- 
sociation for ordinal variables, gamma and Kendall's tau- 
b, are included to show the strength and direction of 
association (-1 to 1) for tests with chi-square P < 0.2. 
As a method to incorporate any effect of field location 
and crop type on density, least-squares regressions were 
also conducted using a log-transformation of the rigid 
ryegrass density score as the dependent variable. Instead 
of agronomic area, latitude and rainfall zone (< 325 mm 
= 1, 325 to 450 mm = 2, and > 450 mm = 3) were 
used. A dummy variable was used for crop type (wheat 
= 1, crop other than wheat = 0) and resistance status 
was scored as above. 

RESULTS AND DISCUSSION 

Extent of Resistance to ACCase-Inhibiting Herbi- 
cides. Of the 185 randomly collected rigid ryegrass pop- 
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Table 1. Proportion of plants from randomly selected Western Australian rigid 
ryegrass populations resistant to the aryloxyphenoxypropanoate ACCase-in- 
hibiting herbicide diclofop-methyl. 

Resistance Number of % of 
classificationa Resistant plants populations populations 

% survivors 

Resistant 81+ 13 7 
61-80 6 3 
41-60 10 5 
21-40 14 8 

Subtotal 43 23 

Developing resistance 1-20 43 23 
Susceptible 0 99 54 

Total 185 

aResistant (> 20% survivors), developing resistance (1-20% survivors), 
and susceptible (zero survivors). 

ulations tested for resistance to diclofop-methyl, approx- 
imately 46% exhibited resistance (Table 1). As expected, 
there was variation in the percentage of resistant indi- 
viduals within each rigid ryegrass population. Ten per- 
cent of all populations contained greater than 60% di- 
clofop-methyl-resistant individuals. The relatively high 
number of populations with a low to moderate propor- 
tion of resistant plants (e.g., 1 to 40%) suggests that 
many growers may stop selecting for further diclofop- 
methyl resistance before the percentage of resistant 
plants reaches very high levels. This is understandable 
given that anything less than 90% mortality by herbicide 
application can be regarded as commercial herbicide fail- 
ure. Overall, across the vast area surveyed, 23% of all 
fields tested contained a rigid ryegrass population clas- 
sified as resistant (> 20% survival) to diclofop-methyl. 

The rigid ryegrass populations were collected from 
agronomic areas with different intensities of cropping 
history and therefore different levels of herbicide selec- 
tion. As expected, given the varying history of herbicide 

use in the different agronomic areas, the proportion of 
resistant populations varied greatly among areas (Table 
2). In an agronomic area known for a recent history of 
continuous cropping and selective herbicide use (area 2), 
96% of the tested populations were resistant or devel- 
oping resistance. In this area, only one population was 
susceptible. This contrasts with areas where there has 
been less cropping, and consequently less selective her- 
bicide use. In area 6, for example, all but one population 
were found to be susceptible. In this area, with higher 
rainfall and longer growing seasons, livestock grazing 
has continued to be more extensively practiced than 
cropping, although recent trends are toward more crop- 
ping. On the basis of Australian Bureau of Agricultural 
Economics figures (Anonymous 1999b), much of area 6 
has approximately 30% of arable land cropped in any 
one season, with approximately 15% of the crop area 
being dicot crops. In area 2, both the proportion of land 
cropped and the proportion of dicot crops are approxi- 
mately double these levels. Dicot crops such as lupins 
are often recognized as having a greater requirement for 
the postemergent selective grass control that ACCase- 
inhibiting herbicides provide. In this survey, areas 2 and 
6 represent extremes in recent cropping intensity and, 
consequently, selective herbicide use. It is therefore ex- 
pected that these two areas also represent the extremes 
of herbicide resistance development. 

Treatment with clethodim resulted in 100% mortality 
for all but one of the diclofop-methyl-resistant popula- 
tions. This result indicates that resistance to diclofop- 
methyl is unlikely to result in cross-resistance to cleth- 
odim. Susceptibility to at least this one ACCase-inhib- 
iting herbicide generally remains even in areas with high 
diclofop-methyl resistance. The low level of clethodim 
resistance also indicates a relatively low use of this par- 

Table 2. Rigid ryegrass populations from eight Western Australian agronomic areas classified according to resistance to the ACCase-inhibiting herbicide diclofop- 
methyl (Dicl.) and the ALS-inhibiting herbicide chlorsulfuron (Chlor.). 

Resistance classificationa 

Resistant Developing Susceptible Number of populations tested 

Area Dicl. Chlor. Dicl. Chlor. Dicl. Chlor. Dicl. Chlor. 

% of populations tested in area 

1 12 9 12 27 76 64 25 22 
2 73 62 23 27 4 12 26 26 
3 40 67 40 11 20 22 20 18 
4 24 18 38 45 38 36 21 22 
5 15 50 15 30 70 20 20 20 
6 0 0 4 21 96 79 23 24 
7 13 58 26 17 61 25 23 24 
8 7 44 30 26 63 30 27 27 
All 23 38 23 26 54 36 185 183 

a Resistant (> 20% survivors), developing resistance (1-20% survivors), and susceptible (zero survivors). Chlorsulfuron classification based on visual assess- 
ment. 
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ticular herbicide to date. Clethodim resistance is likely 
to become more common in future years, as use increas- 
es. However, large increases in the extent of clethodim 
resistance are unlikely to be a result of selection with 
diclofop-methyl. This cannot be said for other ACCase- 
inhibiting herbicides, including some cyclohexanedi- 
ones, to which diclofop-methyl resistance may be more 
likely to confer cross-resistance. 

Extent of Resistance to ALS-Inhibiting Herbicides. Of 
the 183 randomly collected populations tested with 
chlorsulfuron, 64% were resistant or developing resis- 
tance (Table 2). As for ACCase-inhibiting herbicides, 
area 2 had the fewest susceptible populations and area 6 
had the most. Overall, chlorsulfuron resistance was more 
common than diclofop-methyl resistance, with the great- 
est differences between chlorsulfuron and diclofop-meth- 
yl resistance levels found in the southeastern areas (areas 
5, 7, and 8). In these areas, a range of agronomic and 
economic factors has resulted in a greater use of ALS- 
inhibiting herbicides relative to ACCase-inhibiting her- 
bicides for rigid ryegrass control. In four of the eight 
agronomic areas, the proportion of resistant populations 
was 50% or greater. Overall, 38% of fields tested con- 
tained a chlorsulfuron-resistant population. These results 
indicate extensive resistance to chlorsulfuron and explain 
chlorsulfuron's greatly diminished value as a rigid rye- 
grass herbicide in most areas. 

Of the 68 chlorsulfuron-resistant populations that 
were tested with sulfometuron, 93% (63 populations) 
were classified as resistant to sulfometuron (> 20% of 
plants surviving) (data not shown). This result suggests 
that target-site (ALS) resistance mechanisms were re- 
sponsible for the vast majority of populations classified 
as chlorsulfuron-resistant. The result also supports the 
classification of the populations as chlorsulfuron-resis- 
tant. 

Extent of Multiple Resistance to Both ACCase- and 
ALS-Inhibiting Herbicides. A total of 177 populations 
was tested for resistance to both diclofop-methyl and 
chlorsulfuron as representative ACCase- and ALS-inhib- 
iting herbicides. Of these, 72% (128 populations) had 
some level of resistance to one or both of the herbicides. 
A significant association between diclofop-methyl and 
chlorsulfuron resistance was found (Table 3). As indi- 
cated by the measures of association commonly used for 
ordinal data, gamma and tau-b, the association is, as ex- 
pected, positive. Only 8% of diclofop-methyl-resistant 
populations were susceptible to chlorsulfuron, whereas 
40%o of chlorsulfuron-resistant populations were suscep- 

Table 3. Multiple herbicide resistance to both the ACCase-inhibiting herbi- 
cide diclofop-methyl and the ALS-inhibiting herbicide chlorsulfuron in ran- 
domly collected rigid ryegrass populations.a 

Chlorsulfuron Diclofop-methyl classificationc 

classificationb Resistant Developing Susceptible Total 

Number of populations 

Resistant 23 17 27 67 
Developing 13 13 21 47 
Susceptible 3 11 49 63 
Total 39 41 97 177 

a Chi-square statistic = 24.8, 4 d.f., P < 0.001, Gamma = 0.46, Kendall's 
Tau-b = 0.31. 

b Chlorsulfuron classification based on visual assessment. 
c Resistant (> 20% survivors), developing resistance (1-20% survivors), 

and susceptible (zero survivors). 

tible to diclofop-methyl. This suggests that fields with 
chlorsulfuron resistance are more likely to have diclofop- 
methyl remaining as an effective rigid ryegrass herbicide 
than vice versa. Without information on herbicide use 
histories and resistance mechanisms, further inferences 
are difficult. However, the results are consistent with an 
earlier nonrandom survey of rigid ryegrass populations 
in Western Australia (Gill 1995). Gill reported that some 
populations that had received mainly ACCase-inhibiting 
herbicides exhibited cross-resistance to ALS-inhibiting 
herbicides, although no populations that had received 
mainly ALS-inhibiting herbicides exhibited cross-resis- 
tance to ACCase-inhibiting herbicides. Given the high 
frequency of ALS target-site resistance found in this sur- 
vey, it is clear that rigid ryegrass with multiple herbicide 
resistance mechanisms is common in the Western Aus- 
tralian wheat belt. 

Extent and Density of Rigid Ryegrass Infestations. 
Rigid ryegrass was found in 230 of the 264 sampling 
areas surveyed (87%). The overall median rigid ryegrass 
density was low, with no significant difference between 
agronomic areas (ANOVA, log-transformation, P = 0.2, 
263 d.f.; chi-square test, P = 0.23, 14 d.f.). Only 16% 
of fields contained rigid ryegrass at a high or very high 
density. These results suggest that although the presence 
of rigid ryegrass was consistent throughout all of the 
surveyed areas, it was, in general, at relatively low den- 
sities at the time of surveying. It is emphasized that the 
survey was conducted late in the growing season after 
the period in which most rigid ryegrass control practices 
are conducted by growers. 

Resistance Status and Density. Resistance status was 
found to be independent of rigid ryegrass density for 
both diclofop-methyl (chi-square test, P = 0.45, 4 d.f.), 
chlorsulfuron (chi-square test, P = 0.33, 4 d.f.), and the 
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Table 4. Populations classified according to rigid ryegrass density and a com- 
bined resistance score based on diclofop-methyl and chlorsulfuron resistance 
status. Populations sampled from wheat crops. 

Resistance Rigid ryegrass density 

scoreb <1/iM2 1-10/M2 > 10/M2 Total 

0 8 12 3 23 
1 8 6 5 19 
2 22 10 8 40 
3 6 11 6 23 
4 8 2 4 14 
Total 52 41 26 119 

aChi-square statistic = 11.4, 8 d.f., P = 0.18, Gamma 0.02, Kendall's 
Tau-b = 0.01. 

b Score based on the sum of diclofop-methyl and chlorsulfuron resistance 
status where 2 is awarded for each resistant classification (>20% survivors), 
1 for each developing resistance classification (1-20% survivors), and 0 for 
each susceptible classification, i.e., populations with a score of 4 are resistant 
to both herbicides (chlorsulfuron resistance status visually assessed). 

combined resistance score (chi-square test, P = 0.058, 8 
d.f., gamma = -0.07, Kendall's tau-b = -0.05). To 
allow for any interaction with the crop type from which 
the population was sampled, the analyses were also con- 
ducted using just populations sampled from wheat crops. 
Again, no significant association between density and re- 
sistance status to diclofop-methyl (chi-square test, P = 
0.39, 4 d.f.), chlorsulfuron (chi-square test, P = 0.12, 4 
d.f., gamma = -0.01, Kendall's tau-b = -0.01), or the 
combined resistance score was found (Table 4). 

Using least-squares linear regression, chlorsulfuron 
resistance (P = 0.48), diclofop-methyl resistance (P = 
0.66), and the combined resistance score (P = 0.85) 
again showed no significant association with density. As 
suggested by the homogeneity of rigid ryegrass density 
across agronomic areas, there was no significant asso- 
ciation between latitude or rainfall and density in any 
model, with no model explaining more than 1% of var- 
iation (adjusted R2). 

Although statistical interpretation is limited because 
of the use of ordinal visual assessment data, these anal- 
yses show that diclofop-methyl and chlorsulfuron resis- 
tance status was not significantly related to the density 
of rigid ryegrass found at the time of sampling. This 
suggests that rigid ryegrass can be maintained at low 
densities despite resistance to diclofop-methyl and chlor- 
sulfuron. The current availability of cost-effective alter- 
native rigid ryegrass control options such as some cy- 
clohexanedione, preseeding, and precrop emergence her- 
bicide treatments may partly explain this result. How- 
ever, without knowledge of each field's management, 
further interpretation is difficult. 

In summary, rigid ryegrass resistance to the major 
herbicides diclofop-methyl and chlorsulfuron has 

reached very high levels across much of the central 
Western Australian wheat belt. A large proportion of 
populations exhibit multiple resistance to the ACCase- 
and ALS-inhibiting herbicides. However, there are some 
areas remaining where these herbicides are still effective 
across most of the cropping land. The study also reveals 
that although a large proportion of cropping land con- 
tains rigid ryegrass resistant to diclofop-methyl or chlor- 
sulfuron, the cyclohexanedione herbicide clethodim re- 
mains effective as a selective rigid ryegrass control op- 
tion across all areas. Thus, although the opportunity for 
growers to act to conserve the effectiveness of diclofop- 
methyl and chlorsulfuron generally remains in only a 
few areas, the opportunity to conserve the effectiveness 
of at least one rigid ryegrass-selective herbicide (cleth- 
odim) is available to the vast majority of growers across 
all areas. As selection for aryloxyphenoxypropanoate re- 
sistance appears to rarely result in resistance to all cy- 
clohexanediones, growers have had the opportunity to 
exploit some ACCase-inhibiting herbicides and yet still 
retain the effectiveness of clethodim. Extension strate- 
gies may benefit from incorporating a greater level of 
acceptance of the herbicide use paradigm that, to now, 
has generally involved growers exploiting susceptibility 
to some herbicides until resistance develops. A focus on 
the economic benefits of conserving susceptibility to just 
some or one of these selective herbicides would be more 
consistent with growers' past herbicide use and current 
herbicide status, and, as such, relevant to the greatest 
number of growers. 
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