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Summary
A population of annual ryegrass from South Australia has

developed resistance to CHD herbicides after three
consecutive years of exposure to sethoxydim. This biotype is
also highly cross- resistant to the AOPP herbicides. Neither

the absorption of 14C- sethoxydim nor its metabolic
degradation could account for the resistance. ACCase
extracted from resistant biotype SLR3 was less sensitive to

inhibition by CHD and AOPP herbicides compared to a

susceptible biotype. The use of sethoxydim has selected for

a mutant target enzyme that gives high resistance to CHD and.
to chemically unrelated AOPP.

Introduction
Annual ryegrass (Lolium rigidum Gaud.) with resistance to post
emergence graminicides in Australia has appeared mainly following
selection with the aryloxyphenoxypropionate (AOPP) herbicide
diclofop- methyl. The resulting patterns of cross resistance are very
variable, some biotypes being resistant to herbicides from chemical
classes to which they have never been exposed (1). In 1990, a

population of annual ryegrass from Naracoorte (South Australia) was
not controlled by the cyclohexanedione (CHD) herbicide sethoxydim
following exposure of a clover field to this product for three
consecutive years. This was to our knowledge the first reported case
of selection for resistance with this herbicide in annual ryegrass.
Our objectives were to determine the extent of cross resistance in
this biotype and to elucidate the physiological mechanism endowing

it.

Material and Methods
Extent of cross- resistance. Seeds of resistant biotype SLR3 and
susceptible biotype VLR1 were germinated in petri dishes containing

agar and various concentrations of the herbicides tested.
Germination was compared to that of untreated controls.

For field testing of the post- emergence herbicide, pre-
germinated seedlings were transplanted into 1 litre pots and grown
outside during the winter season 1991. When at the two -leaf stage,
they were sprayed with the herbicides and survival was recorded
after four weeks and compared to untreated controls.
Absorption and metabolism of 14C- sethoxydim. The procedure was
'similar to that reported by Holtum et al. (2) for 14C- diclofop-

methyl with the following modifications: the 14C- sethoxydim
concentration was 1000 µM (0.61 MBq /1L); five plants were pooled in

each treatment; and sampling occurred 1, 3, 6, 24, and 48 hrs after

treatment.
Inhibition of ACCase activity. The inhibition of the enzyme

target site acetyl- coenzyme A carboxylase (ACCase) was studied

according to the procedure of Matthews et al. (3). Extracts from



514

biotype SLR3 was compared to extracts from biotype SLR31 which has a
susceptible target site enzyme (3).
Results and Discussion.
Extent of cross- resistance. -Both the germination assay and the
field testing confirmed that SLR3 was more resistant to sethoxydim
than VLR1 (Table 1). SLR3 showed also the same level of résistance
to the other CHD herbicides. Biotype SLR3 expressed a high level of
cross resistance to the AOPP herbicides with LD50 ratio higher than
those recorded for CHD. There was no increase of tolerance to the
other herbicides we tested (data not shown). These results show that
it is practically impossible to use sethoxydim to control this
biotype. At the recommended rate of this herbicide (93.4 g ai ha -1)
survival was 82 % and increasing the rate by three times would
increase mortality by only 30 %.

Table i Concentration of herbicide required to inhibit by
50% the germination and the survival of biotypes SLR3 and
VLR1.

Germination assay Field Application

Herbicides VLR1 SLR3 ratio VLR1 SLR3 ratio

LD 50 (LM) LD 50 (g ai / ha)

Sethoxydim

Clethodim

Cycloxydim

Tralkoxydim

Diclofop- methyl

Fluazifop -butyl
Haloxyfop-
ethoxyethyl

Quizalofop -ethyl

0.09

0.12

0.13

2.05

1.4

1.3

0.5 10.4

4.3 >1000

1.7 1300

0.7 180

0.3 300

22.08 <46.7 282 >6.0

11.7 <46.7 185 >3.9

21.7 <46.7 234 >5.0

20.8 <46.7 304 >6.5

>233 <375 >600 >16

765 53 >848 >16

257 16 >1664 >104

100 10.5 576 54.9

Absorption and Metabolism of 14C- sethoxydim. One hour after
treatment, there was more radioactivity absorbed in the leaf of
biotype VLR1 than in SLR3 (Figure 1). However, the amount absorbed
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Figure 1 Absorption and metabolism
biotypes SLR3 and VLR1.
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did not differ between the two biotypes for the rest of the

experiment. The percentage of radioactivity extracted that

corresponded to 14C- sethoxydim was identical in both biotypes. All
the parent herbicide was degraded within 24 hours.

Inhibition of ACCase activity. The concentration of sethoxydim
required to inhibit 50ó of the ACCase activity was 7.3 µM in
extracts of SLR3 compared to 1.6 µM in extracts of SLR31 (Table 2).
The ACCase from SLR3 was also less susceptible to inhibition by

tralkoxydim. ACCase activity from SLR3 was >68, >4.4 and >50 times
less susceptible to diclofop, fluazifop and haloxyfop, respectively,
than ACCase from SLR31.

Table 2 Inhibition of ACCase in SLR3 and SLR31
Herbicide SLR31 (S) SLR3 (R)

150 (gM)

ratio (R /S)

1.6 7.3 4.6Sethoxydim
Tralkoxydim <0.1 1.5 >15.0
Diclofop <0.1 6.8 >68.0
Fluazifop 2.3 >10.0 >4.4
Haloxyfop 0.2 >10.0 >50.0

Conclusion.
Biotype SLR3 is resistant to sethoxydim and related CHD herbicides.
The high level of cross resistance to AOPP herbicides means that no
selective post- emergence graminicide are available for control of
that population. The fact that we have not observed resistance to
other classes of herbicides means that chemical control alternatives
exist.

The absorption and the metabolism of 14C- sethoxydim were very
similar in the resistant and a susceptible biotype and could not
account for the high resistance observed.

ACCase activity was less inhibited by sethoxydim in SLR3 than
in a biotype with susceptible enzyme. The higher resistance of
ACCase to the AOPP herbicides paralleled well the higher degree of
resistance observed at the whole plant level.

Although other mechanisms that could confer resistance have not
been examined in this biotype yet, it seems very likely that a

modification of the target site is a valid explanation. It appears
that the repeated use of sethoxydim selected for a mutation in the
gene coding for ACCase, and that the resulting enzyme was less
susceptible to inhibition by CHD and AOPP herbicides.
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