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ABSTRACT 
 
The risk of glyphosate resistance in non-cropping situations is poorly documented. In order 
to get a better understanding of this risk in Queensland, we modified the Department of 
Agriculture, Fisheries and Forestry Glyphosate Resistance Toolkit to deal with non-
cropping situations, collected data from over 140 workshop participants on their patterns of 
herbicide use, and used the modified toolkit to score each participant’s risk. The collated 
information provided us with a way to test for risk variations between regions and industry 
types, and gave an insight into the participants’ level of knowledge about resistance and 
what factors restrict their choices around sustainable herbicide use.  
 
Water, railway and aviation infrastructure authorities, and local governments were using 
the highest-risk strategies for weed management (from the point of view of glyphosate 
resistance). Most industry sectors tested had a high degree of variation in risk levels: some 
managers in each sector reported using low-risk strategies, and some reported using high-
risk strategies. No consistent differences were found between northern, central, and south-
eastern Queensland. 
 
Identifying sectors at high risk of resistance will allow us to develop and deliver strategies 
for more sustainable glyphosate use, tailored to those sectors that most need help. Having 
identified high-risk situations, we can work towards ensuring that a range of chemical and 
non-chemical weed control methods are available in those situations and that weed 
managers have the knowledge and flexibility needed to use them effectively.   
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INTRODUCTION 
 
In broadacre cropping, the effect of weed management decisions on the development of 
herbicide resistance is well known, with populations of over 200 crop weed species now 
identified as resistant to at least one herbicide (Heap 2013). Although a number of factors 
influence the evolution of resistance in weed populations, evidence suggests that the most 
important factor is weed management; in particular, the overreliance on a single herbicide 
mode of action. The situation in non-cropping sectors is exacerbated: herbicide options are 
often fewer than in cropping; financial and human resources are more limited; and physical 
access to weeds at the optimal time for control is often hindered. Losing the use of one or 
two herbicides could spell disaster in this sector. In many non-cropping situations, 
however, the implications of herbicide resistance for weed management hasn’t attracted a 
lot of thought or analysis. 
 
Glyphosate is the most widely used herbicide in the world, killing a wide range of perennial 
and annual weed species (Duke and Powles 2008). In addition to its use in agriculture, 
glyphosate is used for weed control in other sectors including roadsides, utility easements, 
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pastures, native vegetation areas, parks and gardens and industrial premises. Thus its 
loss through resistance is commensurately important. At the time of writing, glyphosate 
resistance had been confirmed in flaxleaf fleabane (Conyza bonariensis) in six roadside 
sites in Queensland (Preston 2013) which, though significant, is substantially fewer than 
the 24 populations of glyphosate-resistant weeds (fleabane and awnless barnyard grass, 
Echinochloa colona) confirmed as glyphosate-resistant in Queensland cropping. We 
suspect, however, that many more non-cropping weed populations are at high risk of 
glyphosate resistance. To test our suspicions, and to inform non-cropping sectors about 
their risks, we surveyed the weed control strategies of a range of Queensland non-
cropping industries and organisations, and analysed their responses to determine the level 
of risk in different industry sectors across three regions in Queensland. 
 
 
MATERIALS AND METHODS 
 
Management risk assessment 

We adjusted an established risk assessment protocol (Werth et al. 2011) for use in non-
cropping situations by developing values for weed control methods not previously included 
in the protocol. In brief, the glyphosate resistance risk score is calculated as the number of 
glyphosate applications minus values for the number and efficacy of non-glyphosate 
tactics used (Table 1). 
 
Table 1. List of parameters used in assessment equations 
Description Parameter  Value 
Glyphosate application Ag 1.0 (per appl.) 
Other herbicide application Ko -0.95 
Slashing Ks -0.70 
Physical removal Kp -0.99 
Burning Kb -0.90 
Seed harvest Kh -0.90 
Mulching Km -0.80 
Tillage Kt -0.95 
Other practices Kz -0.50 
 
Management risk (Rm) for glyphosate resistance is calculated as in Equation 1: 
 
Rm = Ag + Σ K(x).K(x)a.K(x)f          1 
 
where variables with the form K(x) are all the variables labelled K in Table 1. K(x)a are 
adjustment factors (ranging from 0.95 to 0.45) to account for less than 100% efficacy  
achieved by non-glyphosate applications for each non-glyphosate control method used; 
and variables K(x)f are multipliers for the number of applications of each tactic per year. 
 

Surveys 

We surveyed non-cropping weed managers in face-to-face workshops and online via 
Surveymonkey. We held eight workshops across three Queensland regions (Northern, 
Central, and South-Eastern) in August 2011, in which we asked participants to complete a 
survey on their weed management practices. The survey included information on selection 
factors for glyphosate resistance in a specific area of land nominated by the respondent. A 
total of 141 responses over 15 industry sectors were collated into a database for analysis. 
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RESULTS 
 
Sector risks 
 
The mean management risk score allows comparison between the weed management 
strategies of various industry sectors (Table 3). Although some sectors only had a few 
responses, there was a wide range of average risk levels, as well as a wide range of 
scores within sectors. Water authorities, railways, aviation and local government had 
average risk scores above 2.0, indicating high risk of resistance. Use of the original 
protocol on cropping systems found average scores for the riskiest cropping phases – 
where several populations have developed resistance – to be 1.5 (Werth et al. 2011). 
 
Table 3. Management risk scores for industry sectors responding to a weed management 
practice survey. Scores >0 indicate increasing tendency to select glyphosate resistance. 

Sector 
Average 
risk score Minimum Maximum Range # responses 

Water Authority 5.8 5.2 6.4 1.2 2 
Rail 3.0 -4.0 4.4 8.4 6 
Aviation 2.9 1.1 3.7 2.6 3 
Local govt 2.6 -5.6 10.1 15.7 53 
National Parks 1.8 -1.4 5.0 6.4 16 
Forestry 1.6 -1.1 4.7 5.7 9 
Defence 1.7 1.5 2.0 0.5 3 
Education 1.4 0.6 1.9 1.3 3 
NRM/Catchment Mgt 1.4 -0.7 3.3 4.0 9 
Volunteer orgs 1.1 -1.2 4.4 5.6 6 
Grazing 1.0 -1.6 3.3 4.9 3 
Horticulture 1.0 -2.4 4.3 6.8 7 
Contractor/consultant 0.5 -4.7 3.3 7.9 6 
Transport/Main Roads 0.5 0.0 2.0 2.0 4 

 
Regional variations    
 
Regional variations in herbicide use patterns for the five best-represented sectors from the 
survey are shown in Table 4. Central Queensland reported an average somewhat lower 
(and with less variability) for local governments than for similar bodies in northern and 
south-east Queensland, but reported the highest-risk practices in horticulture and forestry. 
Northern Queensland national parks and catchment management sectors were higher risk 
than those in other parts of the state, while south-east Queensland reported markedly 
lower risk in these sectors than other regions, but had the highest-scoring managers on 
average in local government. While mean scores were often substantially different, low 
sample numbers and high within-region variability meant that these differences were rarely 
statistically significant. No overall significant effect of sector or region, or interactions 
between them, was found. 
 
Current glyphosate usage and industry knowledge 
 
Glyphosate was found to be the most frequently used herbicide (64%) by survey 
participants. Most participants (86%) apply glyphosate more than once annually, with 10% 
applying glyphosate nine times or more per annum on the same parcel of land. Twenty-
nine percent of respondents recorded glyphosate usage for >15 years in their 
organisations, and only 26% of participants reported keeping consistent, formal records of 
weed control applications. Most participants (84%) had low levels of understanding of the 
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drivers of herbicide resistance, and few (25%) would find it easy to implement alternative 
control methods. The survey also identified 214 weeds that are regularly targeted for 
control, of which 22 recorded a high risk score for resistance.  
 
Table 4. Management risk scores for five key industry sectors, analysed by region 
Industry Sector Average risk score per region (no. of 

responses) 
Risk score range within region 

North Central South-East North Central South-East 
Local Government 2.8 (14) 1.9 (19) 3.1 (20) 14.6 4.9 14.4 
National Parks 2.4 (11) 1.3 (1) 0.3 (4) 4.6 0.0 2.9 
NRM/Catchment 
Management 

2.7 (3) 1.2 (2) 0.5 (4) 5.4 3.7 1.0 

Horticulture 0.3 (3) 1.6 (4) n/a (0) 5.4 4.3 n/a 
Forestry 1.6 (3) 2.0 (2) 1.4 (4) 4.3 0.0 5.8 
All Sectors Total 2.1 (47) 1.5 (45) 2.1 (49) 14.6 9.1 14.4 
 
 
DISCUSSION 
 
The sector mean scores provided us with information on where more education, better 
weed management strategies, and a wider range of control options are most needed. 
Priority sectors include water, rail, and aviation infrastructure management, and local 
governments. Contractors, consultants, graziers, horticulture and Department of Transport 
and Main Roads operations appear to be at low risk at present. However, high variation 
within almost all sectors suggests that it is important that enterprises and organisations 
assess their own individual risk profile, and respond accordingly. Even in high-risk sectors 
like local government and water authorities, low-risk weed management is being carried 
out by some organisations, and therefore remains an achievable goal. The barriers of 
knowledge, resources and opportunity to improved sustainability of weed management 
that we observed in the survey may not be distributed evenly among sectors, but will need 
to be addressed by all. 
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