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The spectrum and mechanism of herbicide resistance
in wild oats (Avena sterilis, biotype SAS 1).
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Summary
The rates of the aryloxyphenoxypropionate graminicides
diclofop, fenoxaprop, fluazifop, haloxyfop, quizalofop,
quinfurop and paraquizafop required to kill 50 % of A.
sterilis biotype SAS 1 were 20- to >1,067 -fold greater than
those required to kill 50 % of biotype SAS 2 collected from
an adjacent paddock. SAS 1 was 2.5- to 3 -fold more tolerant
than SAS 2 to the cyclohexanedione graminicides cycloxydim,
sethoxydim and tralkoxydim.

Acetyl coenzyme A carboxylase (ACC) from SAS 1 was 9-
to 52 -fold less sensitive to inhibition by diclofop,
fluazifop and haloxyfop than was ACC from SAS 2. The
affinity of ACC from SAS 1 for the substrate acetyl
coenzyme A was 1.7 -fold that of ACC from SAS 2.

As inheritance of resistance fits ratios expected for a
single, partially- dominant, nuclear- encoded gene, it is
likely that resistance in SAS 1 is due to the presence of
herbicide tolerant ACC.

Introduction

Approximately 20 biotypes of wild oats with resistance to the
aryloxyphenoxypropionate (APP) and cyclohexanedione (CHD)

graminicides have been collected in Australia. Both Avena fatua L.

and Avena sterilis ssp. ludoviciana exhibit resistance.

We report here the spectrum and possible mechanism
resistance in A. sterilis, biotype SAS 1.

Spectrum of resistance in A. sterilis, biotype SAS 1.

Biotype SAS 1, collected from Bordertown S. A. and.grown outdoors
in pots during the winter growing seasons of 1990 and 1991,

exhibited high resistance to all selective and non- selective APP

graminicides and mild resistance to all selective and non selective
CHD graminicides tested (Table 1) . For diclofop and fluazifop we
were unable to obtain 50 % mortality at the highest rates sprayed,
So i ha -1 of the commercial formulations.
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Table 1. Rates of APP and CHD graminicides that killed 50 %

of populations of susceptible and resistant A. sterilis.

herbicide susceptible resistant resistant
SAS 2 SAS 1 susceptible

LD50 (g a.i. ha-1)

aryloxyphenoxÿpropionates
diclofop 141 > 30,000 > 213

fenoxaprop 17 4,620 275

fluazifop < 16 > 16,960 > 1,067

haloxyfop 10 1,768 181

paraquizafop 10 209 20

quinfurop 8 218 29

quizalofop 4 148 39,

cyclohexanediones
cycloxydim 3 9 3

sethoxydim 12 29 2.5

tralkoxydim 13 34 2.7

Mechanism of Resistance in A. sterilis, biotype SAS 1.

The APP and CHD herbicides inhibit acetyl coenzyme A carboxylase

(ACC), an enzyme involved in lipid synthesis. ACC from SAS 1 was

between 9 and 52 times'less sensitive to inhibition by diclofop,

fluazifop and haloxyfop than ACC from SAS 2 (Figure 1 and Table 2).

The affinity of ACC from SAS 1 for the substrate acetyl coenzyme A

was 1.7 -fold higher than that of ACC from SAS 2 (Table 2).

Table 2. Concentrations of Figure 1. Inhibition by

acetyl CoA or herbicides haloxyfop acid of ACC from

giving 50 % activity of susceptible (O ) and

ACC1 from A sterilis resistant () A. sterilis.

susc res res
susc

µM

acetyl CoA 146 ±221 83 ±9 0.6

diclofop 0.2 ±0.1 11 ±3 52

fluazifop 2.5 ±0.8 23 ±6 9

haloxyfop 0.7 ±0.1 17 ±1 25

sethoxydim _2.7 ±0.7 22 ±5 8

tralkoxydim 2.1 ±0.6 12 ±5 6

1 ACC was extracted from shoot
meristems of 2 -6 leaf plants .

and partially purified by.
(NH4)2SO4precipitation (2).
2 S.E. of 5 to 7 extractions.
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The amounts of ACC in both biotypes changed during plant
development, with a maximum levels present when the plants were at

the 2 -4 leaf stage (Figure 2). A similar pattern has been observed

in Lolium rigidum (2). SAS 1 had more extractable ACC activity than

did SAS 2 (Figure 2). The differences were small and the

physiological significance is unclear.

Figure 2. Activity
of ACC from
susceptible (0)
and resistant (D)
A. sterilis during
development
Plants are at 2 -4
leaf stage between
days 20 and 35.
ACC was measured
in desalted crude
extracts (2).
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The inheritance of resistance in SAS 1 fits a model expected

for a single, partially- dóminant, nuclear- encoded gene (1). If only

one gene is involved, the observations reported here indicate that

the physiological basis of resistance in SAS 1 is probably an
altered herbicide susceptibility of ACC. The mechanism of

resistance in SAS 1 differs from that of an APP resistant

population of A. fatua under study in Canada, although the spectrum

of resistance is similar (M. Devine, Uni. of Saskatchewan, personal

commun.). In all likelihood, more than one mechanism of resistance

can endow resistance to the APP and CHD graminicides in Avena spp.
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