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Background 

Employed by Biosecurity SA and funded through the Australian Government’s Agricultural 

Competitiveness White Paper, PIRSA’s established weeds facilitator has been working with staff 

employed by the Northern and Yorke Landscape Board to plan and implement a landscape-scale 

community-led wheel cactus (Cactus) and African Boxthorn (Boxthorn) control project.  

The aim of the project is to address and mitigate impacts through a coordinated, strategic and landscape 

scale approach by; 

 

 Containing spread of Cactus and Boxthorn across infected properties to prevent the spread further into 
adjacent properties.  

 Providing affected landholders with technical advice to assist with the treatment and maintenance of 
areas infected with Cactus and Boxthorn.  

 Developing a strategic approach with landholder groups for control programs to more efficiently reduce 
the impact across the landscape. 

Aerial Boxthorn control has been conducted successfully in the Coorong as well as the Yorke and Eyre 

Peninsulas for many years. Although the herbicide tebuthiuron has been applied and monitored for 

effectiveness and off-target impacts in these coastal sandy environments, limited information is available 

about its use in the heavier soils of the South Australian Rangelands.  

 

The aerial Boxthorn control trial is one component of the broader Eastern Plains Cactus and Boxthorn 

Management Project with intentions to; 

 

 Demonstrate a variety of best practice control options available for Boxthorn control. 

 Build the capacity of the community to effectively select the appropriate control tool/s for Boxthorn 
control on their property. 

 Demonstrate effectiveness of the herbicide tebuthiuron in controlling Boxthorn in the South 
Australian rangelands. 

 Demonstrate the efficiencies that can be gained by being involved in a coordinated aerial control 
program. 

 Encourage landholder investment into Boxthorn control.  

 

The trial was conducted between 3 - 11 November 2019 with a total of 21 flight hours spread across five 

days of operations. High winds on the second day resulted in the program being delayed as the gusty 

conditions posed a risk to both the safety of the operator/s and the accuracy of herbicide application.  

Project Area 
 

The Eastern Plans Boxthorn control trial was conducted over 11 private properties extending from 

Terowie to Orroroo (Figure 1).  

The project area included areas of the Upper North-Southern Flinders, Murraylands Rangelands and 

North East Pastoral Districts containing areas of private lands, Crown Lands and roadsides that are 

highly infested with Opuntioid Cacti and Boxthorn. These introduced plants are identified as Weeds of 

National Significance (WoNS) and are declared under the Landscape South Australia Act 2019 due to 

their invasiveness and environmental and economic impacts. 
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Figure 1: Eastern Plains Cactus and Boxthorn Control Project Area 
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Methodology 
 

Given uncertainties regarding the expected efficacy of tebuthiuron in rangeland environments, the aerial 

boxthorn control trial was limited to 11 private landholders from the area between Terowie and Orroroo 

(Figure 2).  

 

Landholder participation in the trial was based on: 

 Presence of Boxthorn in areas suitable for aerial application. 

 Previous involvement in Boxthorn control activities. 

 Willingness to contribute to the program and conduct follow-up control activities. 

 Spatial distribution within the project area.  

 Future opportunities to engage neighbouring properties in control activities.  

 

In addition to the 11 properties involved with the aerial trial, one property at Franklyn was selected as a 

demonstration site. Two 16ha plots were marked out at the Franklyn property using Avenza maps and 

star droppers, with one plot receiving control using tebuthiuron and the other mechanical Boxthorn 

removal. The site was selected based on its uniform distribution of high density mature Boxthorn and the 

willingness of the landholder to host a workshop and support ongoing research.  

 

11 Boxthorn treatments and 6 Cactus treatments were applied to demonstrate a variety of best practice 

control methods available. A combination of liquid and granular formulations were applied using foliar 

spray, cut stump, basal bark, soil application and stem injection techniques.  

 

Planning 

Extensive planning was undertaken by Primary Industries and Regions (PIRSA) and Northern and Yorke 

Landscape Board staff to develop relevant documentation such as standard operating procedures, job 

safety analysis and environmental risk assessment (Appendices 2 and 3).  

Parcel details were sought from landholders and maps showing parcel boundaries and aerial imagery 

were prepared to assist with property visits. Property visits were conducted to determine the density and 

distribution of Boxthorn infestations in each paddock, in addition to control priorities in consultation with 

the landholder. Particular attention was also paid to the mapping of hazards such as power lines and 

exclusion zones such as lambing paddocks, water points and/or drainage lines. 

Maps were updated in Arc GIS showing the parcels identified by the landholders and numbered in order 

of priority for control. Low, medium and high density classes were used as part of the mapping process 

for the aerial Boxthorn control trial. These classes were derived by visual assessment using the 

methodology outlined in the Field Manual for Surveying Nationally Significant Weeds (McNaught et al, 

2008). As an aid, visual estimates of <1 plant per ha, between 1 and 10 plants per ha and > 10 plants 

per ha were used to assign low medium and high density respectively.   

Landholder agreements were developed with each of the trial participants, outlining the limitations, 

unknown variables and details of the landholder contribution as well as a requirement for landholders to 

conduct follow-up surveillance and control as required over a ten year period (Appendix 1).  
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Mapping and Data Collection 

 

Georeferenced PDF maps were produced for each property to enable real time tracking of location and 

data loggers were sourced from Ian Dunk (South Australian Arid Lands Landscape region) set up to 

enable mapping of each Boxthorn treated (as well as other opportunistic records of Cactus). Three 

buttons were set-up on the data logger to enable recording of 1) Boxthorn controlled 2) Boxthorn not 

controlled 3) Cactus.  

When preparing maps for aerial operations, it is important to ensure there is a common standard for 

display to avoid any confusion when interpreting maps during operation. It was decided to use the same 

mapping standards as that used for aerial vertebrate pest control operations. The standards for map 

preparation are as follows: 

 

 Approved operating area: transparent green (60%, RGB 188-247-191) 

 Unapproved operating areas: transparent red (60% RGB 255-0-0) 

 Specific no-go/No-fly areas: solid red (0% RGB 255-0-0) 

 Available power line data (differentiate between High Voltage and SWER) 

 A list of approved species in text box 

 Named roads where applicable (standard road symbology) 

 Each property map to contain time allocated for treatment 

 Participating landholdings to be numbered, with a corresponding overview map (showing the 
entire operating area), table of names, contact details and run time allocations available to the 
ground crew.  

 Two versions for settled areas, the first having a 50K topo background (for features such as 
roads, buildings etc.) the second having an image background (for veg identification) 

 Pastoral areas to display water sources, water courses and contours if in the ranges. 

 The page size in which the PDF is produced needs to be large enough for effective zooming to 
see detail on the tablet (A2 is required in the pastoral zone). 

 

Following each run, data from the data loggers was downloaded as both CSV and shape file using Ozi 

Explorer. 

 

Upon completion of the trial, maps were produced showing each Boxthorn treated and sent to 

landholders to assist with follow-up control. Landholders were trained in the use of Avenza Maps, 

enabling landholders to revisit the location of treated Boxthorn for the purpose of monitoring and follow-

up control. 
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Figure 2: Index map showing the operating area and reference to individual property maps. 

Funding 

 

A partnership approach between landholders, the Northern & Yorke NRM Board and PIRSA was taken 

to maximise the benefits of the trial. At a total cost of $31,000, the trial featured a healthy 48% return on 

investment with a total of $10,000 worth of landholder contributions. 

A condition of involvement with the program was a requirement for landholders to make a minimum 

financial contribution of $400 towards purchasing herbicide and helicopter time. There was also an 

option for landholders to contribute additional funds to go toward further control with six of the eleven 

landholders choosing to contribute between $1000 and $2000 each. Total helicopter time remaining after 

subtracting expenses for food, accommodation, ferry and herbicide was assigned to each landholder 

based on their proportionate contribution.  

It is important to note that the costings provided within this report do not include the food, 

accommodation and ferry as these costs will vary significantly depending on size and location of the 

program. Inclusion of these cost is will result in an increase in the cost per plant and per hectare.  
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Aerial Control 

An experienced helicopter company (Helifarm) was engaged to work alongside N&Y NRM Board and 

PIRSA staff. The most effective helicopter to use for this type of work is the Robinson R44 due to its 

maneuverability, minimal downdraft and ability for the pilot and “applicator” to be seated on the same 

side to enable target presentation. The responsiveness and maneuverability of the R44 enables safer 

operation close to the ground when compared to jet turbine helicopters. The minimal downdraft enables 

accurate hand-delivered application of the granular herbicide from the air and minimises the risk of off-

target damage. 

Advice received from those having conducted extensive aerial Boxthorn control suggested that to enable 

an accurate and efficient application, medium to large Boxthorn should receive a rate of approximately 

40g per plant. Although this rate is above the label recommendation for ground treatment it falls well 

within the maximum aerial application rate of 15kg/ha. 

 

 

 

 

 

 

 

 

 Figure 3: Aerial application of tebuthiuron (left) and distribution of herbicide (right) 

A minimum of three people were required to conduct the aerial control program. Helifarm supplied both a 

pilot and a ground crew member supporting logistics such as re-supply of fuel and herbicide, and also 

conducting herbicide application as required to avoid fatigue of the third agency staff member. Each run 

conducted was a maximum of three hours at which point a re-supply of both fuel and herbicide was 

required. 

Herbicide was stored in multiple 90mm poly tubes with a threaded lid and secured behind the front 

passenger seat of the helicopter. The helicopter was fitted with a side step to enable the passenger to 

safely sit sideways (behind the pilot) and apply the herbicide without twisting in an unsafe manner. The 

door was removed from the helicopter during operation and the passenger was fitted with a harness and 

secured to the helicopter to prevent possible falls.   

One hand was used to apply the herbicide and the other was used to log individual plants treated. Nitrile 

gloves, eye protection and a disposable P2 dust mask were worn to ensure safety of the operator.   

Two data loggers were used during the operation to enable download of data from each logger in 

between runs and ensure no data was lost.   
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Figure 4: Preparing for flight (left) and control operations underway (right). 

Mechanical Control 

 

An experienced contractor was engaged to undertake the mechanical control at the trial site. The control 

was undertaken though the use of a front end loader with a customised tine attached to the bucket 

(Figure 5), enabling a forward and upward motion to minimize the likelihood of roots breaking off and 

subsequent re-growth. 

Various machines and “plucker” attachments are available for Boxthorn removal however irrespective of 

the implement used, there are benefits from conducting mechanical removal when the soil is moist. 

Moist soil is likely to reduce the amount of roots which break under pressure and therefore the amount of 

re-growth and subsequent follow-up control required.  

Following mechanical control an assessment of the proportion of regrowth was undertaken by randomly 

selecting 50 plants throughout the control plot and recording the presence or absence of regrowth. The 

number of plant locations exhibiting presence or absence of regrowth was then divided by the 50 to 

ascertain the proportion of plants showing regrowth. 

 

 

 

 

 

 

 

 

 

Figure 5: Front end loader with “customized Boxthorn removal attachment”. 
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Demonstration Site 

 

A key component of the trial was to establish a demonstration site to support decision making processes 

around best practice Boxthorn control.  

 

In addition to the two 16ha aerial and mechanical demonstration plots, eleven Boxthorn and six Cactus 

control treatments were applied using various herbicides and application methods (Figure 7).   

Each treatment was applied to three plants with flagging tape used to mark each plant and a permanent 

photo point established using a wooden surveyor’s peg. Avenza maps was used to map the location of 

each treatment (Figure 7) and photo points were taken before treatment and at three month and six 

month intervals. Treatments applied were selected based on those that are frequently used by 

landholders in addition to other on label recommendations for Boxthorn control identified in the SA Weed 

Control Handbook, 2019. 

 

 

 

 

 

 

 

 

 

 

Figure 6: Application of soil applied, cut stump and foliar spray herbicide treatments (left to right) 
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Figure 7: Demonstration site overview. 
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Photo Points 

One photo point was established for each of the 11 treatments applied to monitor the effectiveness over 

time. A clump of three plants were selected and the photo point situated in a location showing each of 

the three plants receiving a treatment. Photo points were established by recording the GPS coordinates 

and treatment details such as herbicide, application rate and application method in Avenza Maps (a free 

online mapping tool). Each plant treated was marked with flagging tape and the photo point location 

permanently marked with a wooden survey peg. The treatment/photo point number and direction the 

photo was taken was recorded on each survey peg in permanent marker.   

Photo points were established at each of the 11 Boxthorn control treatments to monitor effectiveness 

over time (Figure 8). Photo points were also established within the 16 ha plots of both aerial and 

mechanical control in addition to two further photo points to assess the impact of tebuthiuron on native 

species. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Photo point of boxthorn before (left) and after (right) treatment with Gladiator and Ally. 

 

 

Figure 9: Mechanical boxthorn control, before (left) and after treatment (right). 
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Results 

Aerial Treatment 

 

Indicative results from the aerial control trial showed promise with treated plants looking browned off with 

approximately 5%-10% of each plant “re-shooting” four months following treatment. Given the mode of 

action of tebuthiuron (photosynthesis inhibitor), it is expected that plants will exhibit multiple attempts at 

re-shooting before dying which in some cases may be between 12 months to two years (McNaught et al, 

2008). 

 

Overall, the number of plants missed appeared to be low (i.e. less than 5%) however expectations were 

made clear with landholders that there are likely to be a proportion of small plants and/or a small number 

of plants in medium to high density infestations that are missed. The expectation that some plants will be 

missed highlights the importance of follow-up control, not only to re-treat any that may not have died 

from the initial treatment but also for primary control of those missed.  Landholders have been requested 

to maintain annual records of follow-up control in addition to mapping further primary control works 

undertaken through the use of Avenza Maps. Landscape SA staff are to seek annual updates from 

landholders to quantify surveillance and control efforts taking place.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Aerial control before (left) and after (right) treatment. 

 

Figure 11: Landscape scale aerial Boxthorn control. 
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Figure 12: Regrowth four months following aerial tebuthiuron application. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

Table 1: Aerial control cost (excl. ferry, food and accommodation). 

 

Aerial Control Costs- 98 ha of high density 

Plants Controlled Cost Per Plant Cost Per ha 

2208 $2.51 $40.69 

Aerial Control Costs- 491 ha of low density 

Plants Controlled Cost Per Plant Cost Per ha 

105 $13.08 $2.65 

 Aerial Control Costs- 59 ha of medium density 

Plants Controlled Cost Per Plant Cost Per ha 

423 $3.77 $22.08 

 

Average Aerial Control Costs- 3215 ha of mixed low medium and high density 

Plants Controlled Average Cost Per Plant Average Cost Per ha 

5260 $3.99 $6.96 
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Mechanical Treatment 

A total of 1260 Boxthorn were removed from the 16ha plot on 11 October 2019 (Figure 13). The dense 

nature of the Boxthorn resulted in minimal ferry time between plants. Multiple piles were created to 

reduce the distance plants were dragged and therefore reduce the potential spread of seed. A total of 11 

hours of loader time plus three hours of ferry time were required to conduct the mechanical control 

component of the trial.  

A follow up visit in March 2020 showed less than 5% of plants exhibiting re-growth however expectations 

were that subsequent rainfall events and sufficient time would likely result in a greater proportion of 

plants showing signs of regrowth. A repeat of the monitoring conducted on 3 July 2020 showed that 28% 

of plants removed mechanically showed signs of regrowth from broken root fragments. 

Infestation size and density has a significant impact on selection of the appropriate control method. For 

mechanical control, the higher the density the more cost effective due to a reduction in the ferry between 

plants. Lower density infestations over large areas will result in significant increases in both the cost per 

plant and the cost per ha.  

 

 

 

 

       

Table 2: Mechanical control cost (excl. ferry). 

 

 

 

 

 

 

 

 

 

 

Figure 13: Mechanical Boxthorn removal plot.  

 

 

 

 

 

 

Mechanical Control Costs- 16 ha of high density 

Plants Controlled Cost Per Plant Cost Per ha 

1260 $1.71 $135.05 
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Figure 14: Disturbance following mechanical Boxthorn control and subsequent regrowth. 

Off Target Impacts 

 

Observations were made during post treatment monitoring of a number native species appearing to have 

a degree of tolerance to tebuthiuron at the rate applied (approximately 6.5g m2). Three different species 

(Hakea leucoptera, Alectyron oleifolius ssp. canescens and Acacia victorii) appeared to show no signs of 

herbicide impact even though herbicide was applied well within the root-zone and the target Boxthorns 

appeared to be significantly affected (Figures 15-17). Although at the time of monitoring there appeared 

to be no impact on these native species, further monitoring (18 months following initial treatment) will be 

required to make a sound judgement regarding the impact on these species. It is possible that given 

limited rainfall following application, the herbicide had not yet reached the root-zone of the deeper rooted 

native species.   

 

Figure 15: Hakea leucoptera 

showing no sign of dieback 7 

months after application of 

tebuthiuron. 
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Figure 16: 

Alectyron oleifolius 

ssp. Canescens 

showing no sign of 

dieback 7 months 

after application of 

tebuthiuron. 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17: Acacia victorii showing no signs of herbicide impact 7 months after application of 

tebuthiuron. 
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Recommendations 
 

Given significant momentum has been built within the community as part of the first aerial Boxthorn trial, 

it would be beneficial to capitalise on this momentum in the 2020-2021 financial year. 

 

Recommendations arising out of the 2019 aerial Boxthorn trial include: 

  

 Continue monitoring the results of the aerial, mechanical and demonstration treatments for two 
years at quarterly intervals. 

 Seek additional funds and/or assist landholders in the preparation of grant opportunities to 
support follow-up control.  

 Conduct further aerial Boxthorn control trials (using tebuthiuron and non-residual herbicide) on 
steeper slopes to assess likelihood of movement, effectiveness in shallow soils and feasibility of 
aerial spraying. 

 If planning for a 2020-2021 aerial boxthorn control program, encourage involvement of 
landholders who participated in 2019. Debrief discussions suggested a willingness of many to 
participate again even if no subsidy were available. 

 Gauge the level of interest in aerial control on properties neighboring 2019 Boxthorn control 
properties to increase the landscape scale approach and support future funding applications. 

 Northern and Yorke Landscape staff are encouraged to seek an off label permit for aerial 
application of tebuthiuron at the per ha rate outlined for other states on the product label. 

Considerations When Planning Aerial Control Programs 
 

There are a number of key learnings from implementation of the Boxthorn control trial which may be 

used to inform planning future aerial and on-ground control programs. It is important to note that there 

are many uncertainties and variables which will impact on both the cost effectiveness and efficiency of a 

program. 

A list of considerations are detailed below: 

 

 It is important to select an experienced pilot/operator as their primary role other than safety is to 
identify Boxthorn plants and present them to the “applicator” whilst tracking which plants have 
been treated. An inexperienced operator is likely to result in a greater proportion of plants being 
missed. 

 Aerial application can be incredibly turbulent at times so it is important to select a team of 
people who are comfortable flying at low altitudes and not prone to air sickness. 

 Costs including ferry, food and accommodation are significant (Approximately $7500 for this 
trial) and have not been included in the costings provided within this report.  

 Flexibility around the timing of control activities has the potential to reduce the cost of ferry for 
both aerial and mechanical control if works can be coupled with other activities in the region.   

 It is important to build in flexibility to allow for down time as a result of wind and/or rain as these 
will impact on both accurate application of herbicide and operator safety. 

 The amount of herbicide required for a program will vary significantly depending on density, 
however it is recommended to allow 10kg of herbicide per hour of operation (based on an 
average of 40g/plant and 250 plants per hour of operation, assuming a mix of low medium and 
high density infestation). 

 Thorough planning and on property hazard mapping is required to reduce the time ferrying 
between properties and undertaking individual property flyovers prior to treatment.  

 Preparation of accurate geo-referenced PDF maps with clearly identified operational areas and 
flight allocations is important to ensure a smooth operation. 
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Appendices 
 

Appendix 1: Land Mangement Agreement 
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Appendix 2: Geo-referenced PDF’s  
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Appendix 3: Job Safety Analysis 
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Appendix 4: Environmental Risk Assessment 
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