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CHAPTER 4. WILD OAT HERBICIDE RESISTANCE 

 

DISTRIBUTION AND FREQUENCY OF HERBICIDE-RESISTANT WILD OAT (AVENA SPP.) ACROSS 
THE WESTERN AUSTRALIAN GRAIN BELT 
 

Avena spp. (collectively referred to as wild oat) are common weeds found throughout southern Australian 

cropping systems (Chapter 1). Wild oat is the second most abundant annual grass weed in WA. Many 

farmers rely on herbicides for weed control (see Chapter 1), and this is particularly the case for wild oat; 

seedlings often emerge throughout the growing season and the majority of seeds are shed before crop 

harvest (Nietschke et al. 1996), thus limiting non-herbicidal weed control options. Herbicide resistance is 

well documented in wild oat species in Australia and around the world (Joseph et al. 1990; Devine et al. 

1992; Mansooji et al. 1992; Heap et al. 1993; Maneechote et al. 1997; Beckie et al. 1999, 2004; Friesen et 

al. 2000; Legere et al. 2000; Heap 2019).  Wild oat resistance was first documented in Australia in WA in 

the late 1980s in an A. fatua population with low level resistance to diclofop (Boutsalis et al., 1990; Piper, 

1990). Since then, resistance has been documented in many wild oat populations across the country.  

 

Studies on the regional distribution of wild oat throughout eastern Australia revealed that it is a widespread 

weed in cropping regions (McNamara 1966; Whalley and Burfitt 1972). In the southern wheat belt of NSW, 

the incidence of wild oat in crop fields had increased from 26% of sites surveyed in the late 1960s (Taylor 

and Lill 1986) to 72% in 1993 (Lemerle et al. 1996) and remaining at similar levels in 2007 (Broster et al. 

2011, 2012). Distribution patterns varied among regions, with rainfall and cropping factors accounting for 

some of this variation. Some studies in the early 1990s established that the frequency of herbicide 

resistance in wild oat in eastern Australia was low, with 3-6% of crop fields containing diclofop-resistant 

plants (Nietschke et al. 1996; Broster et al. 1998). Field surveys have revealed the extent of resistance in 

annual ryegrass (Llewellyn and Powles 2001; Owen et al. 2007) to commonly used herbicides; however, 

there is limited information on frequency, distribution and herbicide resistance for wild oat in Western 

Australia.  

 

A floristic survey by Paterson (1976) established that wild oat distribution was patchy in WA cropping areas 

and tended to relate to soil type and rainfall zones. Avena fatua occurred predominately in areas of low 

rainfall and shorter growing seasons, while A. sterilis was isolated to a few areas. Avena barbata was found 

in the southern, high rainfall zones with longer growing seasons, mainly on roadsides and in undisturbed 

fields containing pastures. There have been limited studies on wild oat distribution and frequency, 

particularly in WA, since these early surveys. Therefore, to update and expand our knowledge on the 

severity of wild oat infestation and to establish important benchmark data for herbicide resistance in these 



Chapter 4. Wild oat herbicide resistance 

70 

species, a random field survey focused solely on wild oat was conducted in 2005 across the entire grain-

growing region. To continue the surveillance and monitor herbicide resistance development in this species, 

a subsequent survey was conducted in 2010 in which wild oat populations were collected in the annual 

ryegrass survey (Chapter 3).  

 

The results of both surveys are presented in the following papers, starting on page 73 of this thesis: 

 

Owen MJ and Powles SB (2009) Distribution and frequency of herbicide resistant wild oat (Avena spp.) 

across the Western Australian grain belt.  Australian Journal of Agricultural Research 65, 25-31. 

 

Owen MJ and Powles SB (2016) The frequency of herbicide resistant wild oat (Avena spp.) populations 

remains stable in Western Australian cropping. Crop and Pasture Science 67, 520–527. 

 

To determine the abundance and herbicide resistance frequency of the minor grass weeds, barley grass 

and brome grass, populations were also collected as part of this study and are examined in greater detail 

in the next chapter (5). 
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CHAPTER 5. MINOR GRASS WEEDS 

 

INITIAL CHARACTERISATION OF THE FREQUENCY AND HERBICIDE RESISTANCE OF THE 

MINOR GRASS WEEDS BROMUS AND HORDEUM SPP. IN WESTERN AUSTRALIA 

 

The major grass weeds annual ryegrass (Chapter 3) and wild oat (Chapter 4) are problematic for southern 

Australian grain growers. While these weeds are now well known and documented, there is little 

information available on the frequency and distribution of emerging grass weeds of crops, such as Bromus 

spp. (brome grass) and Hordeum spp. (barley grass).  Emerging weed species pose significant challenges to 

agricultural systems if left un-monitored. Changing farming systems/practices such as reduced-tillage 

operations (Chapter 1) may select or promote the evolution of relatively minor weed species that are 

favoured under new systems and better adapted to low soil disturbance (Pratley 1995). For example, 

reduced-tillage systems rely on herbicides for weed control, and these herbicides may decrease the 

dominance of common weeds, thus altering the cropping environment and allowing minor species 

(particularly grass weeds) to increase in abundance and thrive under the new conditions (Froud-Williams 

et al. 1983; Gill et al. 1987; Medd 1987). 

 

A field survey of weeds in New South Wales (NSW) in 1993 showed that annual grasses such as barley grass 

and Vulpia spp. (silver grass) had become dominant under minimum-tillage systems (see also Chapter 1) 

(Lemerle et al. 1996). During this survey, it was established that barley grass was present at 25% of the sites 

and brome grass at 9% of sites, while wild oat was present at 72% of the sites; these annual grasses had 

increased in incidence since a survey conducted 16 years previously (Lemerle et al. 1996). During this time, 

farming systems had changed, with a greater range of crops available, reduced-tillage practices used 

universally, and a greater number of selective post-emergence herbicides available for weed control. Such 

large changes in cropping practices alter the agroecosystem habitat, often resulting in weed species shifts. 

Reduced-tillage systems (widely adopted in Australian agriculture – see Chapter 1) are likely to favour the 

abundance of annual grass weeds such as brome grass and barley grass (Froud-Williams et al. 1983; Gill et 

al. 1987; Medd 1987; Pratley 1995; Thill and Lemerle 2001; Torresem and Skuterud 2002) as reported in 

NSW (Lemerle et al. 1996).  

 

Often farmers apply herbicides to control one or two major weed species, such as annual ryegrass and wild 

oat; however, these herbicides usually also control less prevalent grass weeds such as brome grass and 

barley grass. Therefore, these minor weeds are also being exposed to herbicide selection, thus increasing 

the chances of resistance evolving, even if the species itself is not the main herbicide target. This scenario 
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is particularly evident for the acetolactate (ALS)-inhibiting herbicides (see Chapter 1), which are active 

across a wide weed spectrum including both grass and broadleaf species. The ALS-inhibiting herbicides are 

often used to target many broadleaf weed species, but many grass weed species are also exposed, resulting 

in high levels of ALS-inhibitor resistance (Walsh et al. 2007; Yu et al. 2007; Boutsalis et al. 2012). Resistance 

to herbicides is not well documented for the Bromus genus in Australia, although a few cases of resistance 

have been reported here and around the world (Mallory-Smith et al. 1999; Boutsalis and Preston 2006; 

Boutsalis et al. 2012). Continued reliance on herbicides has led to the evolution of herbicide-resistant barley 

grass populations (Tucker and Powles 1991; Purba et al. 1995; Matthews et al. 2000; Yu et al. 2007; Broster 

et al. 2012). In 1999, a random survey of 50 barley grass populations from crop fields in South Australia 

suggested that resistance may be more prevalent than originally thought (Powles 1986; Hidayat et al. 

2002), thus highlighting the benefits of regular monitoring.  

 

Field monitoring to document herbicide resistance levels is important, regardless of weed frequencies in 

the field. Monitoring can indicate, for example, that farmers are using effective management tactics that 

are delaying resistance evolution and spread in key weed species. These insights were exemplified in a 

survey in NSW, where brome and barley grass populations were collected from crop fields; no resistance 

was found in these species, although ryegrass populations from the same fields were resistant to various 

herbicides (Broster et al. 2010). During the first wild oat survey in WA (see chapter 5), brome and barley 

grass seed samples were collected from fields where these species were observed in high numbers, 

indicating potential control issues. These populations were then screened with several herbicides to 

determine if herbicide resistance was the primary reason for high weed numbers, and the resistance 

mechanism was determined for the resistant populations. A subsequent full-scale, random survey was also 

performed to provide a more comprehensive picture of the extent of brome and barely grass occurrence 

and resistance in WA. The results of these studies are presented in the following papers, starting on page 

93 of this thesis: 

 

Owen MJ, Goggin DE and Powles SB (2012) Non-target-site based resistance to ALS-inhibiting herbicides in 

six Bromus rigidus populations from Western Australian cropping fields. Pest Management Science 

68, 1077–1082. 

 

Owen MJ, Goggin DE and Powles SB (2012) Identification of resistance to either paraquat or ALS-inhibiting 

herbicides in two Western Australian Hordeum leporinum biotypes. Pest Management Science 68, 

757–763. 

 

Owen MJ, Martinez NJ and Powles SB (2015) Herbicide resistance in Bromus and Hordeum spp. in the 

Western Australian grain belt. Crop and Pasture Science 66, 466-473. 
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CHAPTER 6. GENERAL DISCUSSION & CONCLUSIONS 

 

Herbicide-resistant weed populations have continued to increase globally as a result of heavy reliance on 

herbicides for weed control. While many studies have documented the resistance mechanisms for acetyl-

CoA carboxylase (ACCase) and acetolactate synthase (ALS)-inhibiting herbicides in several grass weed 

species (Mansooji et al. 1992; Heap et al. 1993; Tardif et al. 1996; Mallory-Smith et al. 1999; Matthews et 

al. 2000; Nandula and Messersmith 2000; Yu et al. 2008), few studies have focused on monitoring and 

understanding the geographic distribution of resistance over time and space. The aim of this thesis was to 

provide these baseline data as a starting point for discerning trends in the nature, distribution and 

abundance of herbicide resistance in key weed species from the Western Australian (WA) grain belt, as well 

as to better understand how seed dormancy can interact with resistance traits to allow weeds to persist 

under cropping conditions. This was achieved by surveying the WA grain belt to gain a snap shot of 

herbicide resistance status in grass weeds at given time points. The research presented in this thesis 

confirms that herbicide resistance is widespread in annual ryegrass and continues to increase over time. 

For other grass weed species, herbicide resistance is far less widespread and has remained stable over the 

5-year survey intervals. This knowledge benefits key stakeholders (researchers, growers, advisers) to 

provide/guide future management approaches. 

 

As reviewed in Chapter 1, the change from traditional cultivation to minimum-tillage systems in southern 

Australian agriculture resulted in much greater reliance on herbicides for weed control. As a result of this 

increasing herbicide reliance, the evolution of herbicide resistance became evident in annual ryegrass 

(Lolium rigidum Gaud.) (Heap and Knight 1982, 1986; Gill 1995; McAlister et al. 1995; Preston et al. 1996; 

Powles et al. 1998; Broster and Pratley 2006; Broster et al. 2019b) and other grass weed species in Australia 

(Powles 1986; Broster et al. 1998; Boutsalis et al. 1990; Heap et al. 1993; Broster 2004; Boutsalis and 

Preston 2006). Most of these cases were identified through complaint samples taken from problem fields. 

Prior to the first small-scale random survey by Llewellyn and Powles (2001) and the early work of Patterson 

(1976), there had been no attempt to document problematic grass weed species, map the occurrence of 

herbicide resistance, or investigate anecdotal reports of variable annual ryegrass seed dormancy levels 

across the entire WA grain-growing region.  

 

Therefore, the research questions that were addressed in this thesis were as follows: 

1. Is annual ryegrass seed dormancy contributing to weed control issues?; 

2. Can we predict seed dormancy level based on the climatic region?; 

3. Is herbicide resistance widespread for annual ryegrass over the entire WA grain belt?; 

4. Is herbicide resistance frequency increasing over time?; 
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5. What about other grass weed species, such as wild oat, brome and barley grass?; 

6. What resistance mechanisms are involved in resistance for brome and barley grass? 

 

KEY FINDINGS  

 

The following discussion includes a summary of the main findings from each chapter of this thesis and the 

implications of this research.  

 

Chapter 2: Annual Ryegrass Seed Dormancy  

Previous studies by Steadman et al. (2004) on a limited number of populations found a correlation between 

the seed dormancy level of an annual ryegrass population and the climatic conditions under which the 

population was grown. This information has a potential benefit to farmers as a component for tactical weed 

control: knowing if a field was infested with a more dormant population would allow for strategic delayed 

sowing to increase weed seed germination before pre-planting chemical or mechanical control. Therefore, 

seeds from many populations from an earlier (2003) survey (Owen et al. 2007) on annual ryegrass herbicide 

resistance were tested for their initial dormancy level and dormancy release rate, and these data were 

analysed along with (a) the climatic data of the area sampled and (b) the herbicide resistance status of the 

population. 

 

The key findings in this research were the following: 

1. Initial dormancy levels of annual ryegrass populations varied greatly among and within climatic 

regions; 

2. Climatic factors alone were not good predictors of seed dormancy; 

3. Herbicide resistance levels correlated with higher dormancy levels (i.e., populations with a greater 

proportion of resistant plants contained a greater proportion of dormant seed); 

4. Higher seed dormancy and herbicide resistance were associated with areas that were more 

intensively cropped. 

 

In contrast to the earlier work of Steadman et al. (2004) involving 12 field populations, this large-scale study 

demonstrated that seed dormancy levels were not consistent within climatic regions, and that the 

microclimate within each field was likely to have a much greater influence on the dormancy level of a 

population. Some climatic factors, such as rainfall in September in year of seed production, were useful for 

indicating the probability of seed germinability during summer; in addition, the long-term rainfall pattern 

of a region can influence seed germination during winter months. However, no direct associations could 

be made over a broad scale. The finding that there was an association between seed dormancy and 

herbicide resistance was intriguing. Consequently, the question of whether intensive cropping (i.e. fields 
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under heavier selection for herbicide resistance) was also selecting for more dormant annual ryegrass 

populations was investigated by comparing the dormancy level and herbicide resistance status of 

populations collected from paired fields (cropped and non-cropped) on the same farm. 

 

The key findings from this research were as follows:  

1. Intensively-cropped fields had high levels of seed dormancy and incidence of herbicide resistance; 

2. Seed dormancy in non-cropped fields was low. 

 

Cropping systems with low diversity have a greater capacity to exert selection pressures on weeds, and it 

was clear that the herbicide-resistant populations from the more heavily cropped fields had a greater 

number of dormant seeds and were slower to germinate. Intensive-cropping systems that rely on heavy or 

repeated herbicide use during the crop phase have selected for annual ryegrass populations that are 

resistant to multiple in-crop selective herbicides and have greater number of dormant seeds. This has 

implications for how farmers manage their farming systems and utilise various weed control techniques, 

as crop rotations and cultivation operations can influence dormancy characteristics, particularly the 

selection for late-emerging weeds (Murphy and Lemerle 2006). Managing a highly-dormant weed 

population requires farmers to delay seeding to allow for greater seed germination, especially if the 

population is resistant to most or all available post-emergent herbicides. Although delayed seeding has the 

potential to reduce crop yields, heavy weed infestations are likely to not only reduce crop yields but also 

result in high weed seed banks in the following years. Early sown crops are generally more vigorous and 

could be competitive against late emerging weeds, although this relies on reliable rainfall at the beginning 

of the season. The alternative to delayed seeding is to place a heavier reliance on the pre-emergence 

herbicides, which in turn will increase their selection pressure on weeds and eventually create new 

resistance problems. This scenario is a reality today, with the rapid shift to dry seeding in April/early May 

and pre-emergence herbicide application soon before or at the time of seeding. The increasing reliance on 

pre-emergence herbicides is now being reflected in the evolution of multiple mode-of-action resistant 

populations (Brunton et al. 2019). 

 

Chapter 3: Annual Ryegrass Herbicide Resistance 

The initial large-scale survey of annual ryegrass in the WA grain belt in 2003 (Owen et al. 2007) provided 

baseline data for the occurrence and herbicide resistance status of this weed. To monitor changes over 

time, another random survey was performed in 2010, with input from the growers whose fields were 

sampled. 

 

The key findings of this research were as follows: 

1. Ryegrass was prevalent in nearly all cropping paddocks; 
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2. Herbicide resistance to selective herbicides was widespread across the entire agricultural region, 

but non-selective herbicides were still effective; 

3. Resistance levels for selective herbicides have increased over time. 

 

The intensive-cropping programs of WA, utilising no-till systems with heavy reliance on herbicides for weed 

control, have resulted in the widespread evolution of herbicide-resistant annual ryegrass populations. 

Intensive-cropping programs have selected for populations that are resistant to multiple herbicide groups 

in most fields, e.g. Broster et al. (2019a). The study showed that ryegrass was present in most cropping 

fields and is a problematic weed in southern cropping systems. Almost all of the annual ryegrass 

populations collected in 2010 were resistant to ACCase- and ALS-inhibiting herbicides, with a substantial 

increase in resistance levels over the seven-year period since the earlier survey by Owen et al. (2007). The 

study also showed that although glyphosate, paraquat and various pre-emergence herbicides provided 

excellent control of most ryegrass populations, glyphosate and trifluralin resistance levels have increased 

during this time period. The detection of several glyphosate-resistant annual ryegrass populations in the 

southern coastal cropping region of WA highlights the need for early detection and robust management to 

limit the evolution and increase of glyphosate resistance, so that this most valuable herbicide does not 

become ineffectual, as is the trend in other regions of the world (Heap 2019; Preston 2019).  

 

As noted above, growers are also relying more on pre-emergence herbicides, particularly those which are 

recent to the market such as pyroxasulfone, although resistance to these herbicides has been successfully 

selected for in annual ryegrass in the laboratory (Busi et al. 2012) and in the field (Brunton et al. 2019). 

Continued monitoring of farms for resistance to the pre-emergence herbicides is imperative so that early 

cases can be managed, and the spread of resistance minimised through integrated weed management 

techniques. Use of harvest weed seed control (HWSC) systems, which target weed seeds in the chaff 

fraction during crop harvest, has increased in recent years (Walsh et al. 2013, 2017a,b). These HWSC 

systems or techniques encompass narrow-windrow burning (the concentration of chaff in narrow rows for 

burning); chaff-lining (chaff funnelled into a narrow band behind the harvester for subsequent burning); 

chaff tram-lining (chaff directed onto the harvester rear wheel tracks); chaff collection (chaff cart towed 

behind the harvester followed by burning or removal); bale-direct system (baler towed behind the 

harvester); and mechanical weed seed destruction (e.g., Harrington Seed Destructor (HSD) or integrated 

Harrington Seed Destructor (iHSD) or Seed Terminator (Walsh et al. 2017b, 2018). Recommended 

resistance management tactics and practices in Australia and elsewhere advocate judicious pre-emergence 

herbicide use integrated with HWSC and other effective cultural weed management practices (WeedSmart 

2019).  
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Chapter 4: Wild Oat Herbicide Resistance 

Wild oat is a widespread crop weed of southern Australian cropping systems. Two random surveys on 

herbicide-resistant wild oat in the WA cropping region were performed 5 years apart, to initially obtain 

baseline data on weed distribution and herbicide resistance frequency, and then monitor the change over 

time. Although not as widespread as annual ryegrass, wild oat is clearly becoming a major weed of WA 

agriculture. 

 

The key highlights of this work were the following: 

1. Wild oat was patchy in occurrence;  

2. Resistance to only the ACCase-inhibiting herbicides was evident in the initial survey; 

3. Resistance levels for ACCase-inhibiting herbicides remained similar over the 5-year period between 

surveys; 

4. Resistance was detected to other mode-of-action herbicides in the second survey.  

 

In both surveys, wild oat was present in 43% of crop fields; however, only a small number of fields were 

heavily infested. The detection in the second survey of new cases of resistance to more than one herbicide 

mode of action highlights the need to continue wild oat surveillance to a) increase farmer awareness of 

herbicide resistance in this species; and b) effectively manage wild oat populations using a range of 

techniques that target plants at all stages of development. These practices include using a diverse range of 

herbicides that target different growth stages (pre-planting, early tillering and late season), cultural 

management practices including patch control and crop competition (all of which focus on minimising seed 

set), and HWSC to prevent viable weed seeds returning to the soil seed bank. 

 

Chapter 5: Minor Grass Weeds 

During the initial wild oat survey described in Chapter 4, the high infestations of brome and barley grass in 

some fields prompted the collection of their seeds for resistance testing and subsequent investigation of 

the mechanisms of resistance. 

 

The key highlights of this work were the following: 

1. Barley grass resistant to paraquat was identified; 

2. Barley grass resistant to ALS-inhibiting herbicides was identified; 

3. The mechanism of barley grass resistance to the ALS-inhibiting herbicides was a target-site 

mutation; 

4. Other modes of action were still effective for controlling barley grass; 

5. Six brome grass populations resistant to ALS-inhibiting herbicides were identified; 

6. The mechanism of brome grass resistance was metabolism-based; 
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7. Other herbicides were still effective in controlling these brome grass populations. 

 

Interestingly, for these minor weeds, resistance was detected to the ALS-inhibiting herbicides while no ALS-

inhibitor resistance was detected in wild oat populations from the same fields.  The opposite was true for 

the ACCase inhibitors (i.e., common in wild oat, but not detected in brome and barley grass). This highlights 

the different interactions between particular herbicides and probability of resistance in weed species. It is 

important to monitor these minor weeds, as they have become more prevalent over time in winter-

cropping systems. Accordingly, a full-scale random survey targeting these species was conducted in 2010. 

 

The key highlights from this work were the following: 

1. Brome and barley grass populations were common and widespread; 

2. Brome and barley grass populations resistant to ALS-inhibiting herbicides were identified;  

3. A brome grass population resistant to ACCase-inhibiting herbicides was identified.  

 

This work shows that target- and non-target-site-based herbicide resistance are evolving in some 

populations even though these species are not as widespread as annual ryegrass and wild oat. Alarmingly, 

resistance to the ACCase inhibitors was identified in this random survey for the first time, suggesting that 

other populations in the grain belt will also be selected for resistance. Therefore, this work provides 

important baseline data plus the incentive (the detection of resistance to ACCase inhibitors) to continue 

surveillance of these emerging weed species. This information is critical in raising awareness among 

growers and identifying herbicides that are most likely to still be effective.  

 

SUMMARY AND FUTURE RESEARCH DIRECTIONS 

 

The research in this thesis has highlighted the widespread occurrence of herbicide-resistant grass weed 

populations across the WA grain belt and identified opportunities for further research. With continual and 

systematic surveillance, all stakeholders gain a greater awareness and understanding of the nature, 

distribution, and abundance of herbicide-resistant populations of key economic weed species. It is possible 

to detect resistance in farm fields even when weed numbers are relatively low, highlighting the need for 

an integrated weed management approach to reduce the risks of herbicide resistance evolution and 

spread. Thus, the work in this thesis is important in documenting baseline levels and subsequent trends 

over time of resistance in key weed species occurring across a large geographical area and to key herbicides, 

particularly for new products that enter the market. While these surveys quantify the extent of herbicide 

resistance, they also highlight the large number of herbicides that still provide excellent weed control for 

many farmers. Some ways in which the current research can be expanded are the following: 
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1. Monitoring/benchmark surveys are needed to establish the presence and herbicide resistance 

status of other emerging weeds such as capeweed (Arctotheca calendula) and fleabane species 

(Conyza spp.) 

2. As new pre-emergence herbicides come onto the market (such as cinmethylin), they need to be 

included in resistance monitoring so that control problems are identified before they become 

widespread. 

3.  Using seed material collected in the surveys to evaluate herbicide compounds before they enter 

the market. 

4. Collecting and collating field and management data to better understand how farm management 

influences herbicide resistance development. 

 

The large-scale random surveys conducted during this thesis show that resistance levels have increased for 

annual ryegrass (Chapter 3) (Owen et al. 2014), but remain stable for wild oat (Chapter 4) (Owen and 

Powles 2016). Benchmark surveys for the emerging weeds brome and barley grass show that herbicide 

resistance is also evolving in these species (Chapter 5) (Owen et al. 2015), which may be the result of 

indirect selection pressure. Herbicides focused on the control of annual ryegrass will likely also have activity 

on other grass weeds; thus indirectly, these species also undergo herbicide resistance selection. 

Understanding the evolutionary processes in weed populations in response to herbicide selection in various 

farm management systems is important for future management decisions. As knowledge about herbicide 

resistance mechanisms and effective options for weed management increase, our understanding of the 

complex processes operating in these systems also increases. The resistant populations collected in this 

research program represent valuable material for research into resistance mechanisms. Although the 

widespread resistance to ALS- and ACCase-inhibiting herbicides means that the resistance mechanisms are 

now very well characterised for many of these herbicides, particularly in annual ryegrass, there are still 

large gaps in our knowledge of how resistance to other herbicide modes-of-action is achieved and how it 

evolves. Therefore, the research opportunity is the following: 

• The mechanisms and genetic bases of resistance to herbicides such as trifluralin, pyroxasulfone and 

glyphosate need to be further investigated in the species in which they occur (which has been 

investigated in the Australian Herbicide Resistance Initiative and is continuing). 

 

The work in this thesis has also demonstrated the importance of seed dormancy in the ability of grass 

weeds to persist in cropping situations across large areas, particularly under herbicide selection. While seed 

dormancy has been studied extensively in annual ryegrass (Gramshaw 1972; Gill et al. 1996; Steadman et 

al. 2004; Goggin et al. 2008, 2010 ), there is a need to understand the influence of climate and geographic 

location on seed dormancy in other grass weeds. Some of this work has been conducted in Australia 

(Paterson et al. 1976; Gill and Blacklow 1985; Cheam, 1986; Chapman et al. 1999; Kleemann and Gill 2006; 
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Fleet and Gill 2012). However, populations collected during random surveys could be used to assess 

dormancy levels across vast regions such as the WA grain belt to determine how management (especially 

intensive herbicide selection) and climatic factors may be influencing seed dormancy over time.  

 

Two research questions arising from the current work on seed dormancy are the following: 

1. Are climatic conditions a good predictor of seed dormancy for other weed species?  

2. Have dormancy levels increased concomitantly with herbicide resistance in areas of intensive 

cropping?  

 

This second question could be answered by routinely performing germination assessments on populations 

collected in herbicide resistance surveys, but careful planning and execution are required. 

 

A diverse range of weed control techniques (cultural, chemical and mechanical) need to be utilised rather 

than applying the same continued herbicide selection pressures every year, which ultimately results in 

herbicide resistance or avoidance. New technology, improved farming techniques and a greater 

understanding of weed dynamics and farming system interactions will help Australian agriculture remain 

viable into the future.  
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