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Summary ACCase-inhibiting herbicides are widely
used for the control of various Bromus spp. in legume
and canola crops as well as pastures. Following eight
treatments with ACCase-inhibiting herbicides in crops
and pastures, failure to control a population of Bromus
diandrus Roth was reported in 1998. Dose response
experiments demonstrated resistance to fluazifop-
p-butyl and haloxyfop-ethoxyethyl in the resistant
population when compared to a control population ob-
tained from an area that had never received herbicides.
Several populations of Bromus rigidus Roth have also
been discovered with resistance to fluazifop-p-butyl,
quizalofop-p-ethyl and other ACCase inhibitors. The
evolution of resistance to the ACCase inhibitors in
Bromus spp. is alarming because of the relative pau-
city of control methods available for these weeds in
cropping systems.
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INTRODUCTION

There are many species from the genus of Bromus
present in Australia and a number are considered
weeds. However, two species in particular, B. diandrus
Roth and B. rigidus Roth, are problem weeds of crop-
ping systems (Kon and Blacklow 1995). These species
are highly competitive with crops and will greatly
reduce yield (Poole and Gill 1987). B. diandrus occurs
on a wide range of soil types, but B. rigidus is more
common on lighter soils (Kon and Blacklow 1995).

Bromus spp. are difficult to remove from crops
due to their staggered germination (Kleeman and Gill
2006) and the limited number of herbicides available
for their control. The ACCase-inhibiting herbicides
are the most important herbicides for Bromus spp.
control in Australia and can be used in pulse and canola
crops. Most of the aryloxyphenoxypropanoate (APP)
herbicides provide excellent control of Bromus spp.
Some cyclohexanedione (CHD) herbicides, such as
clethodim and tepraloxydim, are also registered for
the control of Bromus spp.

The evolution of resistance to the ACCase-inhibit-
ing herbicides would be a major problem, as growers
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rely on being able to reduce Bromus spp. infestations
in pulse and canola crops in order to more easily man-
age this weed in cereal crops. In 1999, a failure of
ACCase-inhibiting herbicides to control B. diandrus
in a crop and pasture rotation near Swan Hill, Victoria
was reported. Since then, there have been a number of
other reports of failure of various ACCase-inhibiting
herbicides to control populations of Bromus spp. in
South Australia and Victoria. This work was conducted
to determine whether such failures were due to the
evolution of herbicide resistance in these species.

MATERIALS AND METHODS

Seeds of putative resistant Bromus populations were
obtained from four sites in Victoria and three sites in
South Australia. The population of B. diandrus had
received eight applications of ACCase-inhibiting
herbicides in break crops and pastures prior to resist-
ance evolving. Long-term herbicide histories were not
available for the B. rigidus populations; however, two
of the populations had ACCase-inhibiting herbicides
applied every second year since 2000 and had probably
received applications of ACCase-inhibiting herbicides
prior to 2000. Susceptible populations of each species
were collected from waste ground around Adelaide,
where herbicides had not been used.

Seeds were germinated either on 0.6% agar and
transferred to pots containing potting soil, or were
germinated in situ and later thinned to five seedlings
per pot. Some samples required chilling (4°C) in the
dark for seven days to encourage germination. Plants
were grown outdoors during winter.

Seedlings were treated at the two leaf stage with
commercial formulations of herbicides applied with a
moving boom laboratory spray cabinet fitted with flat
fan nozzles. The output of the sprayer was equivalent
to 109 L ha! at a pressure of 250 MPa and a speed
of 1 m s!. A non-ionic surfactant (BS 1000® at 0.2%)
or spray oils (Hasten® or Supercharge® at 1%) were
used where required. Plants were returned outdoors
after treatment and assessed for survival 21 days af-
ter treatment. For full dose response experiments on
B. diandrus, there were five replicates for each her-
bicide dose. The seedling tests on B. rigidus were
conducted as two replicates for each herbicide dose.



Some B. rigidus populations were assessed using
the Syngenta Quick Test (Boutsalis 2001). Seedlings
collected from the field were trimmed to 2 cm of shoot
and 1 cm of root and planted in soil. The plants were
allowed to recover for seven days, after which time
they had about 5—7 cm of new leaftissue, before being
treated with herbicides. Herbicides were applied as
above and plants assessed. There were two replicates
for each herbicide dose.

Where dose responses were conducted, data
were analysed by probit analysis and LDy, values
calculated.

RESULTS

Fluazifop-p-butyl at the normal use rate of 53 g a.i.
ha! totally controlled the susceptible population of
B. diandrus. In contrast, there was no mortality of
the resistant population with this rate of herbicide
(Figure 1). Fluazifop-p-butyl rates up to 212 g a.i. ha™!
produced no mortality on the resistant population of
B. diandrus. The LD, for the susceptible population
for fluazifop-p-butyl was 8.4 g a.i. ha'!, whereas the
LD, for the resistant population was >420 g a.i. ha''.
Therefore, the resistant population was more than 50-
fold resistant to fluazifop-p-butyl.

Haloxyfop-ethoxyethyl at the normal use rate of
52 g a.i. ha! totally controlled the susceptible popu-
lation of B. diandrus (Figure 2). In contrast, this rate
of haloxyfop-ethoxyethyl provided no control of the
resistant population. Haloxyfop-ethoxyethyl at 416
g a.i. ha'! provided only 85% control of the resistant
population of B. diandrus. The LDy, for the susceptible
population was 8.6 g a.i. ha'!, whereas the LDy, for the
resistant population was 205 g a.i. ha!. Therefore, the
resistant population was 24-fold resistant to haloxy-
fop-ethoxyethyl.

Failure of ACCase-inhibiting herbicides to control
populations of B. rigidus at a number of sites in Victo-
ria and South Australia had been reported in 2004 and
2005. Plant and seed samples were provided for testing
for resistance. Seed samples were germinated and
tested for resistance along with a known susceptible
population. The susceptible population was completely
controlled with 25 g a.i. ha'! quizalofop-p-ethyl and
20 g ha'! tepraloxydim. Resistance to ACCase-inhib-
iting herbicides was detected in three samples from
various sites in South Australia and Victoria (Table
1). Resistance was evident to quizalofop-p-ethyl in all
three populations and tepraloxydim in the population
from Quambatook.

Whole plant samples were tested using the Quick
Test (Boutsalis 2001). A known susceptible population
was included in the test. Resistance to ACCase-inhib-
iting herbicides was detected in three samples from

Fifteenth Australian Weeds Conference

80 [~

40

Survival (% control)

20 [~

10 100

Fluazifop-p-butyl (g a.i. ha™)

Figure 1. Response of susceptible (o) and resistant
(®) populations of B. diandrus to fluazifop-p-butyl.
The normal use rate of fluazifop-p-butyl is 53 g a.i.
hal.
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Figure 2. Response of susceptible (o) and resistant
(®) populations of B. diandrus to haloxyfop-ethoxye-
thyl. The normal use rate of haloxyfop-ethoxyethyl is
52 ga.i. hal.

various sites in South Australia and Victoria (Table 2).
The susceptible population was totally controlled with
all rates of all herbicides tested. However, resistance was
evident to both APP and CHD herbicides in these three
populations. The amount of resistance varied between
populations, with the population from Kadina having
lower resistance than the other two populations.

DISCUSSION

This study has demonstrated that resistance to AC-
Case-inhibiting herbicides has evolved in two species
of brome grass, B. diandrus and B. rigidus in Australia.
For both species, resistance evolved after use of AC-
Case-inhibiting herbicides in crops and/or pastures.
The susceptible populations of these two species
were uniformly controlled by all ACCase-inhibiting
herbicides used.
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Table 1. Survival of susceptible and putative resistant populations of B. rigidus to various ACCase-inhibiting
herbicides as seedlings grown from seed. Not all populations were tested with all herbicides.

Herbicide Rate Location

(gai ha’) Susceptible Halbury, SA  Quambatook, Vic Hopetoun, Vic
Quizalofop-p-ethyl 25 0 100 50 100
Tepraloxydim 20 0 A 50 0

A —not tested.

Table 2. Survival of susceptible and putative resistant populations of B. rigidus to various ACCase-inhibiting
herbicides in the Quick Test. Not all populations were tested with all herbicides.

Herbicide Rate Location
(gaiha’)  gusceptible  Paskervill, SA  Kadina, SA  Swan Hill, Vic

Haloxyfop-p-methyl 52 0 100 10 -
Butroxydim 25 0 100 60 -
Butroxydim 50 0 100 45 -
Quizalofop-p-ethyl 25 0 —A - 90
Clethodim 30 0 - - 100
Clethodim 60 0 - - 100
Haloxyfop-p-methyl + Clethodim 7.2+30 0 - - 85
Haloxyfop-p-methyl + Clethodim 14.4 + 60 0 - - 65
A —not tested.

The B. diandrus population was highly resistant ACKNOWLEDGMENT

to both haloxyfop-ethoxyethyl and fluazifop-p-butyl
with the normal use rate providing no control of this
population. In total, six populations of B. rigidus,
three in Victoria and three in South Australia, were
discovered with resistance to APP herbicides. Of
these resistant populations, four were also resistant
to CHD herbicides. Most of these populations had no
mortality at the normal herbicide use rate, whereas the
susceptible population was completely controlled. This
suggests levels of resistance are quite high and these
herbicides will not be able to be used to control Bromus
spp. populations in these fields in the future.

There is considerable resistance to ACCase-inhib-
iting herbicides in grass weeds in Australia. The pattern
of resistance in many populations of Lolium rigidum
Gaudin (Llewellyn et al. 2001) and two Avena spp.,
A. fatua L. and A. sterilis L. ssp. ludoviciana (Durieu)
Nyman (Maneechote 1995), has tended to be high
resistance to the APP herbicides and much less resist-
ance to the CHD herbicides. The pattern of resistance
to both APP and CHD herbicides seen in many of the
B. rigidus populations is more unusual.

The evolution of resistance to ACCase-inhibiting
herbicides in B. diandrus and B. rigidus will make
management of these weeds considerably more diffi-
cult in cropping systems. Growers will need to employ
alternative management strategies for the control of
these weeds in future.
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