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Abstract. Random surveys conducted in the Western Australian (WA) grain belt have shown that herbicide-resistant
Lolium rigidum and Raphanus raphanistrum are a widespread problem across the cropping region. In 2010, a random
survey was conducted to establish the levels of herbicide resistance for common weed species in crop ﬁelds, including
the minor but emerging weeds Bromus and Hordeum spp. This is the ﬁrst random survey in WA to establish the frequency
of herbicide resistance in these species. For the annual grass weed Bromus, 91 populations were collected, indicating that
this species was present in >20% of ﬁelds. Nearly all populations were susceptible to the commonly used herbicides tested
in this study; however, a small number of populations (13%) displayed resistance to the acetolactate synthaseinhibiting sulfonylurea herbicides. Only one population displayed resistance to the acetyl-coenzyme A carboxylaseinhibiting herbicides. Forty-seven Hordeum populations were collected from 10% of ﬁelds, with most populations being
susceptible to all herbicides tested. Of the Hordeum populations, 8% were resistant to the sulfonylurea herbicide
sulfosulfuron, some with cross-resistance to the imidazolinone herbicides. No resistance was found to glyphosate or
paraquat, although resistance to these herbicides has been documented elsewhere in Australia for Hordeum
spp. (Victoria) and Bromus spp. (Victoria, South Australia and WA).
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Introduction
Grain crops (wheat, barley, maize, sorghum) are crucial to
meet global food supply requirements, with weed infestations
having major negative impacts on crop productivity. In Australia,
broadacre cropping programs invest heavily in continuous
cropping and no-till systems, which rely on herbicides for
weed control (Llewellyn et al. 2012). Consequently, the
evolution of herbicide-resistant weed populations is now
widespread in Australia for the major crop weeds including
Lolium rigidum Gaud., Raphanus raphanistrum L. and Avena
spp. (Llewellyn and Powles 2001; Broster and Pratley 2006;
Owen et al. 2007, 2014b; Walsh et al. 2007; Owen and Powles
2009; Broster et al. 2011; Boutsalis et al. 2012a). Globally,
resistance has been documented in 238 weed species (138
dicots and 100 monocots). Weeds have evolved resistance to
22 of the 25 known herbicide modes of action and to 155 different
herbicides (Heap 2014). Often, resistant populations are
identiﬁed through herbicide failure in the ﬁeld or large-scale
surveys of agricultural regions that aim to determine herbicide
resistance levels (Beckie et al. 2000; Burgos et al. 2013).
Bromus and Hordeum species are self-pollinated winter
annual grasses and are commonly found in grain-growing
regions of Australia (Lemerle et al. 1996; Kleemann and Gill
2006; Osten et al. 2007; Broster et al. 2010, 2012a, 2012b;
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Borger et al. 2012; Boutsalis et al. 2012b). Bromus rigidus Roth.
and B. diandrus Roth have increased in importance in Australia
because of increased cropping frequency, moves towards
minimum tillage agriculture and limited herbicides for their
control in cereal crops (Gill and Blacklow 1985; Kon and
Blacklow 1988). Both of these Bromus species are commonly
found in cropping areas in Australia receiving >250 mm annual
rainfall; a third species, B. rubens, is generally found in the drier
zones (Kon and Blacklow 1995). Bromus diandrus was common
and widespread in the south-west of Western Australia (WA),
tolerating a wide range of climatic conditions and soil types,
whereas B. rigidus was found in a more limited range and
commonly on lighter sandy soils (Kon and Blacklow 1995).
Hordeum species are problematic in grain-growing regions
because they can harbour cereal diseases (Smith 1972; Cocks
et al. 1976) and are often difﬁcult to control in cereal crops owing
to limited herbicide options (Bowran 2000). Although considered
a valuable early feed source, they are undesirable to livestock at
maturity, when seeds can penetrate the skin and eyes of sheep
and contaminate their wool (Campbell et al. 1972). Cocks et al.
(1976) found that Hordeum species were a common component
of annual pastures and widely distributed in southern cropping
regions, with H. glaucum growing in the drier parts of South
Australia and Victoria (<425 mm), whereas H. leporinum was
www.publish.csiro.au/journals/cp
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restricted to the wetter regions, although both species frequently
grew together along the 425-mm rainfall margin.
A recent survey on weed incidence and species change over a
10-year period in WA found that although L. rigidum, Avena
spp. and R. raphanistrum were the most dominant weeds of
cropping ﬁelds, Bromus spp. and Hordeum spp. also ranked
highly in both crop and pasture ﬁelds, occurring in up to 64%
of ﬁelds depending on species, ﬁeld type and year (Borger et al.
2012). Bromus and Hordeum species were also identiﬁed in
summer fallow between February and April within the grain
belt of WA, although the incidence was low, at 1–3% of ﬁelds
(Michael et al. 2010).
Surveys elsewhere in Australia have found the incidence of
these weed species to be lower than in WA. In the southern grain
belt of New South Wales (NSW), Lemerle et al. (1996) found
Hordeum spp. present in 26% of ﬁeld sites, and Bromus spp. in
only 9% of sites, with similar levels of infestation in that region
some 15 years later (Broster et al. 2012b). In the north-eastern
grain region of Australia (an area encompassing central and
southern Queensland and northern NSW), Hordeum species
were present in 1% of ﬁelds (Osten et al. 2007). In Tasmania,
the incidence of Hordeum spp. and Bromus spp. was <10%
(Broster et al. 2012a). In South Australia, B. rigidus was
present at many sites surveyed and more commonly found in
cropping ﬁelds, whereas B. diandrus was present in 12% of ﬁelds
and more likely found near roadsides and in undisturbed areas
(Kleemann and Gill 2006).
The ﬁrst case of resistance to acetolactate synthase (ALS)inhibiting herbicides in Hordeum spp. in WA was identiﬁed
through herbicide failure in a crop ﬁeld 300 km east of Perth
(Yu et al. 2007), and subsequent cases of herbicide resistance
were identiﬁed in Hordeum and Bromus species during a largescale random survey for Avena spp. in 2005 (Owen et al. 2012a,
2012b). Worldwide, resistant populations have been reported for
ALS- and acetyl-coenzyme A carboxylase (ACCase)-inhibiting
herbicides in Bromus and Hordeum species (Mallory-Smith et al.
1999; Powles 1986; Boutsalis and Preston 2006; Escorial et al.
2011; Broster et al. 2012a; Owen et al. 2012a, 2012b). Although
Bromus and Hordeum species are commonly found in graingrowing regions of Australia, little information is available in
WA regarding the frequency and incidence of herbicide resistance
for these weed species in cropping ﬁelds.
This is the ﬁrst large-scale ﬁeld survey to examine the
frequency of occurrence of both Bromus and Hordeum weed
species in WA crop ﬁelds, as well as a determination of their
herbicide-resistance spectrum. The focus of this study was to
determine the extent that these weeds are infesting WA cropping
ﬁelds and the proportion of herbicide-resistant populations.
Materials and methods
Seed collection
Seed material was collected during October and November 2010
as part of a broad-scale survey evaluating herbicide resistance in
key weed species (Owen et al. 2014b). Brieﬂy, farmers were
contacted and they provided farm maps, which were used to locate
properties at the time of seed collection. During seed collection,
466 crop ﬁelds were chosen at random and sampled by two people
walking in an inverted ‘W’ pattern across the ﬁeld. During
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sampling, weed-density ratings were recorded and mature seed
heads were collected from a large number of plants (50–100
plants, bulked at collection). After seed collection, seed heads
were rubbed and chaff was removed by aspiration. Seed samples
were stored in a warm, dry glasshouse with a daily average
temperature of 268C over the summer months (December–
April) to relieve any seed dormancy (Favier 1995). In total, 91
Bromus and 47 Hordeum populations were collected for
subsequent herbicide testing (Fig. 1).
Species identiﬁcation
Thirty plants from each collected population were grown during
2011 and the seeds were collected at maturity to determine the
species of each population. For Bromus spp., populations were
assessed based on plant growth habit, as well as seed
characteristics, as described by Kon and Blacklow (1988,
1995). Populations were designated as B. rigidus if the
inﬂorescence was compact and stiff and the spikelets were
heavily pigmented with reddish to black colouring. Bromus
diandrus populations were recorded if the spikelets were long
and drooping in nature. Seed appearance was also assessed
randomly on selected populations by using a microscope to
determine whether the hardened scar on the seed was rounded
(B. rigidus) or acute (B. diandrus), to conﬁrm visual
classiﬁcations.
For Hordeum spp., 50 inﬂorescences were randomly chosen
from each population at maturity and assessed under a microscope
by examining the dispersal unit, consisting of a triad of singleﬂowered spikelets (Cocks et al. 1976). Species were
distinguished by the size of the anthers (larger in H. leporinum
than H. glaucum) in the central ﬂoret and the density of the spike
(lower in H. leporinum than H. glaucum) (Cocks et al. 1976).
Additionally, H. glaucum seeds were characterised by the
presence of black anthers on the ﬂoret in the central spikelet
(Cocks et al. 1976). In some cases, there appeared to be seeds
from another species (unidentiﬁed) also present in the WA
wheatbelt (Western Australian Herbarium 2014).
Seed germination
During May–October in 2011 and 2012 (the normal growing
season for these species), seeds from each of the Bromus and
Hordeum populations were placed in plastic containers
containing 1% (w/v) agar–water and stored at 48C for 12 days
in the dark. After this, seeds were moved into a controlledtemperature (258C during the day) glasshouse for 5 days
before being transplanted into plastic seedling trays (300 mm
by 400 mm by 100 mm) containing potting mix (50% composted
pine bark, 25% peat and 25% river sand). Fifty seedlings from
each population were sown for each herbicide and were kept
outdoors. Known herbicide-susceptible populations from each
species were used as controls for all herbicide treatments, and
known resistant populations were used as positive controls for
the ALS-inhibiting herbicides (Owen et al. 2012a, 2012b). All
plants were watered and fertilised as required.
Herbicide-resistance screening
When seedlings had reached the 2-leaf stage, they were treated
with a range of herbicides at Australian upper registered ﬁeld
rates (Table 1) together with appropriate adjuvants applied with
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Fig. 1. Map of the south-west of Western Australia showing the agronomic zones of the grain belt and Bromus species
distribution. Annual rainfall isohyets are shown. Rainfall regions are shown: H (high, 450–470 mm), M (medium,
325–450 mm) and L (low, <325 mm). Zones are indicated: 1 (north), 2 (north-central), 3 (central), 4 (south-central) and
5 (south).
Table 1. Herbicides and rates used for resistance screening of Bromus and Hordeum spp. populations
collected in 2010 from the Western Australian grain belt
Herbicide chemical class

Herbicide mode of action

Active ingredient(s)

Aryloxyphenoxypropionate
Cyclohexanedione
Sulfonylurea

ACCase inhibitor
ACCase inhibitor
ALS inhibitor
ALS inhibitor
ALS inhibitor
Photosystem I inhibitor
EPSPS inhibitor

Fluazifop
Clethodim
Sulfometuron
Sulfosulfuron
Imazamox + imazapyr
Paraquat
Glyphosate

Imidazolinone
Bipyridyl
Glycine

a custom-built sprayer equipped with ﬂat fan nozzles (for
spraying details see Owen et al. 2014b). The same herbicide
treatments were used for both species. Herbicide treatments were
repeated twice during the growing season, and results averaged
for each population (always <5% variation). For Bromus
populations treated with ALS-inhibiting herbicides, four rates
of sulfosulfuron (37.5, 56.25, 75 and 112.5 g a.i. ha–1) and three
rates of sulfometuron (15, 30 and 45 g a.i. ha–1) were used, as well
as an additional treatment of 1000 g ha–1 of malathion 30 min
before the application of 56.25 g ha–1 of sulfosulfuron (Owen
et al. 2012b). Malathion is an organophosphate insecticide known

Field rate (g a.i. ha–1)
78
60
15
37.5
23 + 10.5
300
540

to be an inhibitor of cytochrome P450 monooxygenases (P450s).
Synergistic interactions between organophosphate insecticides
and sulfonylurea herbicides are well documented (Kreuz and
Fonn’e-Pﬁster 1992; Baerg et al. 1996), and studies have shown
that malathion is an effective inhibitor of P450-mediated
herbicide resistance in weed species such as L. rigidum
(Christopher et al. 1994; Yu et al. 2009).
Hordeum populations were treated with three rates of
sulfosulfuron (37.5, 56.25 and 75 g ha–1; no malathion
treatment) and a single ﬁeld rate of sulfometuron (15 g ha–1)
(because of limited seed of most populations). Single ﬁeld
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rates were used for all other herbicides. Assessment of plant
survival was made 21 days after spraying and plants were scored
as dead or alive based on whether the growing point was chlorotic
and yellowing or regrowing, and by comparing the response with
the known control populations. All plants that survived herbicide
treatment were considered as resistant plants. Resistance was
conﬁrmed by spraying these surviving plants with double the
recommended herbicide rate and testing the progeny in the
following year (as below).
For Hordeum populations where only one or two individuals
survived the ALS herbicide treatments, these plants were allowed
to produce seed and the resulting progeny were tested for
resistance to these herbicides.
Results
Species frequency, density and distribution
Of the 466 crop ﬁelds sampled in this survey, Bromus species
were collected from 20% (i.e. 91 ﬁelds), although they were seen
in 37% of all cropping ﬁelds surveyed. Generally, Bromus species
were present at low numbers, with only 3% of ﬁelds having
Bromus plant densities of >1 plants m–2, 12% having densities
of <1 plant m–2, and 22% of ﬁelds containing Bromus plants
that were difﬁcult to ﬁnd. The majority of Bromus populations
were classed as B. diandrus (85%) and these were present in all
agronomic regions of the WA grain belt (Fig. 1); two populations
were classed as B. rubens and came from the eastern wheatbelt
(zone L3); and the remainder of the populations were B. rigidus
(13%), and were conﬁned to the northern agricultural region
(zones H1, M1, L1 and L2 see Fig. 1).
Some 26% of the 466 surveyed ﬁelds had evidence of
Hordeum species, but in many cases either the incidence was
isolated to one small patch or the plants had already shed their
seed; therefore, Hordeum was collected from only 10% of ﬁelds.
Hordeum densities were similar to those of Bromus, with 2% of
ﬁelds containing >1 plant m–2, 6% containing <1 plant m–2, and
18% of ﬁelds containing only difﬁcult-to-ﬁnd Hordeum plants.
The majority (79%) of populations were a mix of species
including H. glaucum and H. leporinum and possible other
Hordeum spp. which are not listed in Cocks et al. (1976) but
are identiﬁed on the ﬂora database for WA (Western Australian
Herbarium 2014); 21% of populations contained only
H. leporinum seeds. No population was solely H. glaucum.
Hordeum species were most commonly found in the
medium–low-rainfall zones of the eastern grain belt (e.g. L2,
M3, L3, M4, L4, M5) although they were also present in all other
cropping zones (Fig. 2).
The most common crop types were the cereals wheat (65%)
and barley (13%), followed by canola (10%) (Owen et al. 2014b).
Bromus was present in 19% of wheat crops, 24% of barley crops
and 19% of canola crops, and the corresponding numbers for
Hordeum were 13%, 7% and 4%. For other crops such as ﬁeld
pea and lupin, both species were present in <10% of ﬁelds,
although Bromus was present in 40% of oat crops. However,
oats accounted for only 4% of the ﬁelds surveyed.
Resistance to ACCase-inhibiting herbicides
Of the 91 Bromus populations screened with the ACCaseinhibiting herbicides ﬂuazifop and clethodim, only one
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population, classiﬁed as B. diandrus, from the northern
agricultural region (zone M1: Fig. 1), displayed resistance to
both these ACCase-inhibiting herbicides (Table 2). This
population had >85% plant survival at the Australian ﬁeld
application rates (Table 1), and was able to survive double the
ﬁeld rate, for both herbicides. All of the 47 Hordeum populations
treated with the ACCase-inhibiting herbicides were susceptible
to the herbicides tested (Table 2).
Resistance to ALS-inhibiting herbicides
A small number (13%) of Bromus populations, all identiﬁed as
B. rigidus and coming from the northern agricultural region
(zones H1, M1, L1 and L2) (Fig. 3), displayed resistance to
the ALS-inhibiting sulfonylurea herbicides (Table 2). By
contrast, no B. diandrus populations were resistant to the
ALS-inhibiting herbicides. The resistant B. rigidus populations
showed 100% plant survival at the Australian ﬁeld rate of 37.5 g
ha–1 of sulfosulfuron, with plant survival varying from 27% to
100% at the higher treatment rates (Table 3). These populations
also had a high level of survival when treated with sulfometuron at
all three rates (data not shown). When treated with malathion
before the application of sulfosulfuron at 56.25 g ha–1, all of the
resistant populations became 100% susceptible to sulfosulfuron.
All Bromus populations tested were susceptible to the
imidazolinone herbicide mixture containing imazamox and
imazapyr.
Of the Hordeum populations, 8% contained plants resistant
to sulfosulfuron, with plant survival ranging from 5% to 20%
at Australian ﬁeld rates; half of these populations also had
resistance to the imazamox + imazapyr mixture (Table 2). The
ALS-resistant populations came from the medium–low-rainfall
zones in the eastern grain belt around Northam, Kondinin and
Lake Grace (zones M3 and M4, Fig. 3). The surviving progeny
from these populations had 100% survival when tested at ﬁeld
rates of the same herbicides in the following year.
Non-selective herbicides
All Bromus and Hordeum populations were susceptible to the
non-selective herbicides glyphosate and paraquat at Australian
ﬁeld rates (Table 2).
Discussion
Bromus and Hordeum grass weed species were present in 37%
and 26%, respectively, of cropping ﬁelds surveyed in the WA
grain belt; however, only ~20% of all ﬁelds had weed numbers
that enabled a sufﬁciently large seed sample to be collected. This
is similar to a survey by Borger et al. (2012), which found that the
incidence of these species in cropping ﬁelds ranged from 24% to
44%. However, Borger et al. (2012) found that in the 10 years
between surveys for cropping ﬁelds, the prevalence of
B. diandrus had decreased by 20% (from 44% to 24%), and
the genus Bromus was more conﬁned to southern regions,
whereas Hordeum incidence had increased slightly (from 32%
to 37%). These changes may reﬂect individual years and crop
management strategies, but both species rated in the top ﬁve worst
weeds as ranked by farmers (Borger et al. 2012), indicating that
these species are still problematic in cropping ﬁelds.
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Fig. 2. Map of the south-west of Western Australia showing the agronomic zones of the grain belt and Hordeum species
distribution. Annual rainfall isohyets are shown. Rainfall regions are shown: H (high, 450–470 mm), M (medium,
325–450 mm) and L (low, <325 mm). Zones are indicated: 1 (north), 2 (north-central), 3 (central), 4 (south-central) and
5 (south).
Table 2. Percentage of tested Bromus and Hordeum populations
resistant to each herbicide group
All sulfonylurea-resistant populations were B. rigidus, all ACCase-resistant
populations were B. diandrus. All ALS-resistant Hordeum populations were
mixed species
Herbicide
Sulfonylurea
Imidazolinone
ACCase
Paraquat
Glyphosate

Bromus

Hordeum

13
0
1
0
0

8
4
0
0
0

The distribution of Bromus species in this survey is consistent
with previous ﬁndings of Kon and Blacklow (1995), with
B. diandrus being widespread across all zones, B. rigidus
conﬁned to northern agricultural regions and B. rubens
conﬁned to the drier areas of the eastern wheatbelt (Fig. 1).
Previously reported B. rigidus populations resistant to ALSinhibiting herbicides also came from the northern agricultural
region of WA (Owen et al. 2012b). Hordeum species were less
widespread than Bromus spp., with most Hordeum populations
in areas with <450 mm of annual rainfall, generally within the

eastern grain belt. The only populations in the higher rainfall
zones were H. leporinum, and this is consistent with a previous
study by Cocks et al. (1976), in which H. leporinum was found
in areas of >425 mm of rainfall, whereas H. glaucum was
conﬁned to the semi-arid regions. Herbicide-resistant Hordeum
populations have been reported previously in the eastern grain
belt of WA (Yu et al. 2007; Owen et al. 2012a).
Changing cropping practices may affect weed ﬂora over the
following decades. A survey on weed occurrence in spring
cereals in Finland over a 10-year period found that for
conventional cropping systems, the abundance of weed species
remained similar, although some species became more abundant
with reduced tillage, and some species declined in ﬁelds with
increased use of herbicides (Salonen et al. 2013). In Australia, the
increase in herbicide usage associated with no-tillage cropping
(Llewellyn et al. 2012) has undoubtedly increased the selection
pressure for herbicide resistance. Although the major weeds
(L. rigidum, R. raphanistrum and Avena spp.) of southern
Australian cropping systems have evolved widespread
herbicide resistance, herbicides are still widely used for their
control and for the control of other crop weed species.
Bromus species resistant to ALS- and ACCase-inhibiting
herbicides have been previously reported in Australia
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Fig. 3. Map of the south-west of Western Australia showing the location of ALS-resistant Bromus and Hordeum
populations. Annual rainfall isohyets are shown. Rainfall regions are shown: H (high, 450–470 mm), M (medium,
325–450 mm) and L (low, <325 mm). Zones are indicated: 1 (north), 2 (north-central), 3 (central), 4 (south-central) and
5 (south).
Table 3. Survival (%) of Bromus populations treated with the ALSinhibiting herbicide sulfosulfuron at four rates and in the presence of
malathion (1000 g a.i. ha–1)
Values in parentheses are standard errors
Population
37.5
1
2
3
4
5
6
7
8
9
10
11
12

100 (0)
100 (0)
100 (0)
100 (0)
100 (0)
100 (0)
100 (0)
100 (0)
100 (0)
100 (0)
100 (0)
100 (0)

Sulfosulfuron rate (g a.i. ha–1):
56.25
75
112.5
56.25 + malathion
98 (0.6)
96 (1.7)
100 (0)
44 (3.5)
66 (4.3)
74 (2.3)
95 (1.2)
76 (2.8)
39 (3.5)
98 (0.6)
46 (2.8)
91 (1.2)

72 (1.5)
96 (0.7)
80 (1.2)
72 (3.7)
58 (4.1)
86 (3.3)
88 (3.5)
89 (2.6)
30 (2.9)
76 (1.8)
36 (2.8)
90 (0.9)

63 (1.8)
72 (2.2)
90 (0.6)
27 (1.8)
82 (2.0)
68 (1.7)
50 (2.9)
71 (1.2)
50 (1.5)
76 (2.3)
46 (3.2)
82 (0.3)

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

(Boutsalis and Preston 2006; Broster et al. 2012a; Boutsalis et al.
2012b; Owen et al. 2012b; Heap 2014) and worldwide (Heap
2014), and recently, glyphosate resistance was detected in a

population of B. diandrus from South Australia and in
B. rubens from WA (Preston 2014). Commercial testing
services have reported that up to 39% of Bromus species
tested were resistant to the ACCase-inhibiting herbicides, and
that 9% were resistant to the ALS-inhibiting herbicides; no
resistance to other herbicide modes of action was detected
(J. Broster, pers. comm.). All Bromus species resistant to the
ALS-inhibiting herbicides collected in the present survey were
found to be B. rigidus and came from the northern agricultural
region of WA. The treatment of these resistant plants with
malathion, an inhibitor of cytochrome P450 mono-oxygenases,
before the application of sulfosulfuron showed that the
sulfosulfuron resistance was able to be reversed. This is
similar to the ﬁndings of our previous work (Owen et al.
2012b) and suggests that resistance may be due to P450
metabolism of sulfosulfuron, although this remains to be
directly conﬁrmed.
Studies assessing the seed dormancy of Bromus species have
found that naturalised populations of B. diandrus generally had
low levels of seed dormancy, enabling them to be controlled by
agronomic practices early in the growing season (Gill and
Blacklow 1985). Bromus rigidus had greater seed dormancy
than B. diandrus (Gill and Carstairs 1988; Kon and Blacklow
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1988) and was therefore more likely to avoid early-season weed
control, be exposed to in-crop selective herbicides applied later in
the season, and carry seed into the next season. This could explain
why all of the B. rigidus populations in this study were resistant
to the ALS-inhibiting herbicides, while only one population
of B. diandrus had herbicide resistance (to the ACCaseinhibitors). This phenomenon of co-occurring seed dormancy
and herbicide resistance has been recorded in L. rigidum
populations from the WA wheatbelt (Owen et al. 2014a), and
in H. glaucum populations in southern Australia (Fleet and Gill
2012).
Although the herbicide-resistant Hordeum populations
collected from the ﬁeld had only a relatively small number of
survivors (5–20%), the progeny of these surviving individuals
had 100% survival when treated with the same herbicides.
Therefore, with continued selection in the ﬁeld, an everincreasing proportion of the population will survive and
continue to produce resistant seed. Resistance in Hordeum
species has been documented for the ALS-inhibiting and
bipyridyl herbicides in WA (Yu et al. 2007; Owen et al.
2012a) and for the ACCase-inhibiting herbicides and bipyridyl
herbicides in eastern Australia, including Tasmania (Powles
1986; Tucker and Powles 1991; Boutsalis and Preston 2006;
Broster et al. 2012a). Currently, resistance in this genus is
conﬁned to Australia (Heap 2014).
Control of the major cropping weeds in Australia is likely to
continue to be herbicide-based; thus, continued exposure of
Bromus and Hordeum to these herbicides will occur. Despite
the low incidence of herbicide resistance detected in this survey,
continued herbicide selection in intensive crop production
systems is generating resistant Bromus and Hordeum
populations. Limited herbicide options are also available for
the control of these species in cereal crops compared with
other weed species, so the current selective herbicide options
are vital to many growers. They must therefore adopt a range of
strategies to control these species in their cropping systems. The
use of crop production systems that employ a diverse integrated
approached to weed control, and options that prevent seedset and
return of seeds to the soil, are essential to reduce the impact of
these currently minor weeds in the future. The use of new crop
management tools such as harvest weed-seed control programs,
which have been developed for L. rigidum, R. raphanistrum and
Avena spp. and target seed removal at crop harvest (Walsh et al.
2013), could be useful in controlling additional weed species.
These programs may need some modiﬁcation for Bromus and
Hordeum species, although testing with the Harrington Seed
Destructor has shown good control for Bromus spp. (as
reviewed in Walsh et al. 2013). Targeting seed removal at
harvest will become a key weed-management strategy as
herbicide-resistance levels increase in the minor crop weed
species such as Bromus and Hordeum.
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