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USING ECOSYSTEM RESILIENCE FOR ECOLOGICAL RESTORATION AND WEED 

MANAGEMENT IN NATURAL AREAS. 

Adrian Hansen 

Ecological Natural Area Management 

ABSTRACT 

Australian ecosystems have resilience. That is, they have ability to recover or regrow from 
biomass destroying disturbances such as bushfires, floods, storms, herbivory etc. If, the 
ecosystem is degraded by exotic weed species, the resilient response after disturbance 
will be back toward the weedy state. As restoration practitioners, we want to shift the 
ecosystem from the weedy ecosystem state to a native species state. 

This paper uses the state and transition approach to recommend ways to treat the weeds 
in an ecosystem and conduct other restoration activities such that the resilient state that 
the ecosystem will return to after disturbance is the native species ecosystem state. This is 
done by showing methods of determining native and weed species resilience and 
recommended methods to treat weeds and return the ecosystem to the native ecosystem 
state. 

KEYWORDS 

Ecosystem resilience, ecological restoration, assisted natural regeneration 

INTRODUCTION 

Australian ecosystems are subject to disturbances which destroy or remove considerable 
biomass from the ecosystem. Examples of natural disturbances which have this impact 
include bushfires, floods, storms, herbivory etc. Ecosystems need the ability to re-grow 
after such disturbances. This regrowth, or recovery from disturbance is resilience. 

The source of resilience is propagules that allow re-growth of the biomass in the 
ecosystem. Propagules can come from inside the ecosystem (in situ resilience) and 
include buds on living plants to allow epicormic growth, coppicing, suckering etc or soil 
stored propagules such as seed, corms rhizomes etc. Propagules can also come from 
outside the ecosystem (termed migratory resilience) and this resilience requires a vector: 
eg fauna, wind, flood waters, moving mud etc. So, resilience allows the ecosystem to 
regrow or recover to the undisturbed ecosystem state after disturbance. This can be 
shown graphically. 

Levels of ecosystem resilience 

 
 



Signs of native resilience are: 

 Seedlings and saplings 

 Vegetation only recently cleared so that suckering root material is available 

 Rhizomatous species nearby indicating that rhizomes will like by present 

 The presence of mature reproductive individuals of a species 

 Mature species canopy stored seed 

 Recruitment from soil stored seed following a test disturbance such as soil 
disturbance or a small fire 

 A nearby remnant 

To look at resilience more closely, I will use an example. The example ecosystem will be a 
eucalypt woodland with a grassy understory. 

If a bushfire burns through the woodland, the grassy understory will be burnt, considerable 
vegetation in the canopy may also be burnt and saplings will also be impacted. 

The resilient response in this ecosystem would be: 

 The grassy understory resilience will be in the grass apical buds just under the soil 
which will allow the grass to regrow 

 The canopy resilience will be in the epicormic buds  under the bark to allow the 
canopy to regrow 

 The sapling resilience will be in lignotuber buds to allow saplings to reshoot 

What happens though, if the grassy understory is dominated by exotic weed grasses? The 
answer is that the grassy understory will recover to the exotic weed state after the fire. 
This indicates that there are (at least) two ecosystem states. They are: 

1. Eucalypt woodland with an exotic weed grass understory 
2. Eucalypt woodland with a native grass understory 

The resilience graph above can now be redrawn to reflect this situation. 

Threshold 

Weedy understory state 

Native understory state 

 

 

RESTORATION AND WEED TREATMENT METHODS VS ECOSYSTEM RESILIENCE 
STATES 

The graph above shows the situation of 2 stable ecosystem states. If a major disturbance 
occurs, say a bushfire moving the green ball to the right, then the resilient response will 
only move the ecosystem back to the weedy understory state. That is; the weed grasses 
will regrow, not a native grass understory. 



To get the system to move to a native understory, then it would be required to drive the 
system over the threshold so that the resilient response will then be toward the native 
understory state. How do we move the ecosystem over the threshold? One of the most 
obvious methods is to kill the weeds but retain the native resilience. Treating weeds but 
retaining native resilience is termed the Bradley Method of bush regeneration, now known 
as assisted natural regeneration  

The Bradley Method has three main principles. They are: 

1. Work from areas of greatest native resilience toward areas of lower native resilience. 
That is: Treat weeds in areas that have the highest levels of native resilience and so 
are closest to the threshold shown above. 

2. Make minimum disturbance – don’t kill any natives! 
3. Work at the speed of recovery of the bush (Don’t over weed). 

Other key considerations to the methodology are: 

 Prevent the deterioration of the good bush; 

 Improve the next best area; 

 Hold the advantage gained (with follow-up works); 

 Cautiously move into the worst areas; 

 Remove all species of exotics at once from any area currently being treated (Only treat 
a small area at a time if necessary to apply this principle and avoid large exposed over 
weeded areas); 

 Work with the weather. 

The Bradley Method works well if there is a good source of in situ or migratory resilience. 
What happens if native resilience is very low? That is, little or no soil stored propagules 
and no nearby remnant for migratory resilience. In this situation, the restoration practitioner 
needs to add the native species directly using such methods as revegetation, direct 
seeding, brush matting etc. Such restoration is reconstruction. 

What do we do if the abiotic conditions have also been changed? For example, if there has 
been extensive fertilisation in the past so exotic grass species are favoured over the native 
species so no amount of treatment of the exotic grasses will cause the native grass 
resilience to be expressed. Another example is if the hydrological conditions have changed 
leading to water logging or drying out of the ecosystem. Both of those situations are 
relatively common disturbances in our ecosystems. Hobbs et al (2009) have prepared a 
graphical representation of such a system. 

Ecosystem states driven by both biotic and abiotic impacts 

 



In this situation, the biotic threshold is a weeds/not weeds threshold. The abiotic threshold 
is a changed soil regime. For example, water logging. 

For restoration to the original state to occur, reversal of the abiotic threshold (eg 
redirecting water flows to remove or stop the waterlogging is required). Once the abiotic 
threshold is removed, the ecosystem will tend to return to State 4 as States 5 and 6 are 
the resilient state only when the waterlogging is in place. 

Once the ecosystem is recruiting species representative of the non-waterlogged state, 
then vegetation manipulation (eg Bradley Method assisted natural regeneration 
methodologies) can be used to make the States 1 and 2 the more resilient state and the 
ecosystem will recruit species representative of these states and improve in functionality. 

If, however the abiotic threshold cannot be reversed, only States 5 or 6 will be possible in 
the ecosystem, there will be no possibility of a return to the original ecosystem for the site. 
Reconstruction of an ecosystem with species which were not the original species in the 
site due to such abiotic threshold is fabrication. 

Table showing restoration treatment options vs degraded ecosystem states 

Ecosystem resilience state Restoration type Restoration method 

Mostly natives in the 
ecosystem. Only scattered 
weed. Undisturbed soil 

Natural 
regeneration 

Carefully treat weeds in a way that protects natives from 
damage and the ecosystem will recover completely 

Large amounts of weed 

Scattered/clumped natives. 
Natives often in patches 
where the native resilience is 
better. 

Relatively undisturbed soil 

Assisted natural 
regeneraton 

(the Bradley 
Method of bush 
regeneration) 

Carefully treat weeds in a way that protects natives from 
damage. 

Work slowly at the speed of the bush working from “good” 
areas towards “bad” areas. 

Extensive follow up weed treatment required. 

Work slowly into the worst areas only when the good 
areas are mostly native with little or no weeds. 

Careful use of regeneration methods such as fire can be 
used.  

Nearly all weed. Little or no 
natives. (perhaps a few 
native canopy trees) 
Disturbed soils such as from 
fertilisation in the past. 

Reconstruction The restoration practitioner needs to add the native 
species directly using such methods as revegetation, 
direct seeding, brush matting etc. 

Extensive follow up weed management also required 

No natives. (or only ruderals) 

Highly disturbed soils. Eg 
hydrological changes, top 
soil removed, salinisation etc 

Fabrication Original ecosystem not possible. An alternative ecosystem 
using species that will survive the new conditions is 
required.  

The restoration practitioner needs to add native species 
directly using such methods as revegetation, direct 
seeding, brush matting etc. 

Extensive follow up weed management also required 

RESILIENCE BASED BUSHLAND CONDITION ASSESSMENT 

Dr Tein McDonald has developed  a table which divides the levels of native resilience in an 
ecosystem into classes. The resilience classes are then used to specify a recommended 
restoration method. 

 

 



Table of ecosystem resilience classes vs restoration treatment methodologies  

Condition class indicators What these suggest in terms 
of resilience 

Restoration  or 
treatment approach 

Class 0 – No degradation - excellent 
resilience - all species and structure 
appears intact . (e.g. no weed) 

Will rapidly and fully recover as 
strong soil seed bank of all 
species likely including 
resprouters)  + fresh seed rain 

Maintenance maintain 
appropriate 
disturbance regimes, 
protect from weed etc. 

Class 1 – Minor symptoms – high 
resilience as above but signs of 
degradation only starting (e.g very 
scattered weed).  

Will fully recover as strong seed 
bank of all species likely 
(including resprouters) + fresh 
seed rain 

Assisted regeneration 

e.g. treat causes and 
symptoms over large 
areas without 
triggering large follow 
up requirement 

Class 2 – Moderate (50:50) symptoms – 
medium resilience still strong when look 
closely but degradation equally evident 
(e.g. both weed and native strong) 

Will fully recover from soil seed 
and rootstocks + fresh seed rain 
but bit slower 

Assisted regeneration 

Can treat fairly large 
areas but restrict, as 
regular follow up is 
needed. 

Class 3 – Substantial symptoms – fair 
resilience  native overwhelmed but still a 
few different species visible. (e.g. weed 
dominant but natives present) 

Full recovery will take longer. 
has potential for regeneration 
from soil seed bank and 
resprouting but not fresh seed 
bank. 

Assisted regeneration 

Need to reduce the 
size of areas worked. 
Follow up is very 
significant. Some 
disturbance needed. 

Class 4 – High symptoms - low resilience 
the only natives visible above ground are 
long-lived dominants (and these are 
widely spaced).  (e.g. weed dominant). 
but soil profile intact 

Reduced recovery but still can 
have strong soil seed bank of 
important species if 
appropriately disturbed. 
Recolonisation of others  
possible over time 

Assisted regeneration 

Requires additional 
disturbances. size of 
areas much restricted 
as follow up can be 
very demanding. 

Class 5 – Very high symptoms - very low 
resilience large areas (somewhat distant 
from native edge ) are without any natives 
visible (except ruderals), even if soil 
profile intact. 

Unlikely to have a soil seed bank 
and colonisation potential likely 
low 

Reconstruction  

amend substrate and 
reintroduce species 
and habitat. will still 
require follow up 

Class 6 – Extreme symptoms – nil 
resilience for original veg community - 
substrate conditions very different to 
original (and can’t be amended)  

Same natives unlikely to survive 
even if reintroduced. 

fabrication / type 
conversion .change to 
alternative community. 

(Source: McDonald C, 2007) 

My thanks to Dr Tein McDonald and Sunshine Coast Regional Council. 

Sunshine Coast Regional Council extensively use this methodology for natural area 
restoration planning. 

Using the previous table, maps of a site can be prepared which allows a strategic 
approach to ecological restoration planning. An example of such a map is shown below. 

 

 

 



Map showing the use of resilience classes 

From this map, it can quickly be determined that 
the following restoration approaches are 
recommended: 

Area 10 Assisted natural regeneration 

Area 5 Assisted natural regeneration 

Area 8 Reconstruction methods required 

Area 1 Fabrication methods required 
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MANAGING WEEDS IN NATURAL AREAS 

Andrew Perkins 

 

ABSTRACT 

The paper will discuss the methods of weed management in natural areas using examples 
taken from our existing work within Defence lands and Hamilton Island. By using different 
techniques in an integrated management program it will show how different types of weeds 
can be treated successfully in both a remote and semi developed area.  

 

Weeds of varying degrees of concern are located on both sites. Each site has its own 
requirements regarding what is necessary to control and what the results should be. The 
Department of Defence requires any weeds to be identified, controlled and reduced as 
much as possible and the prevention of further weeds species being brought on site. We 
use several integrated methods to control and reduce as well as preventative methods. 

 

Hamilton Island requires the broadleaf weeds to be controlled and reduced where possible 
with the aim of repairing past damage and restoring ground cover to exposed areas. This 
provides a unique opportunity for weed control as it is a site of very restricted access. The 
results achieved have been surprising to say the least. 

 

INTRODUCTION 

 

Why do we need to go Back to the Basics of Weed Control? 

 Over the last few years there has been a shift away from the basic principles of weed 
control. It seems that everyone is looking for the quick fix solution, the silver bullet so to 
speak. However the basics are being forgotten.  

There has been and still is a lot of money being put into the planning of how to control an 
issue but very little is actually going to the control of weeds. Years ago I was told that this 
work was like an apprenticeship, you have to learn from the ground up. I have yet to see 
this disproven.  

 

Weed control is hard work, whether this is slogging up and down hills with a spray pack or 
just hand pulling the weeds, someone has to do it. This is the Basics of Weed Control. 

 

This paper will describe some of the work that has been undertaken by Centrogen Pty Ltd 
over the last couple of years. The areas range from tropical islands to field training areas 
for Defence. 

 



First some background on Centrogen Pty. Ltd. as a company.  

 

As a vegetation control company Centrogen has the ability to establish specialised and 
integrated management programmes in consultation with our clients. This work may 
involve areas that have been badly damaged due to previous practices or require specific 
outcomes as influenced by the client and their location. We specialize in working in remote 
areas often with difficult access. 

Site location one. 

 

Department of Defence 

One of the main clients that we use fire as a management technique is the Department of 
Defence (DOD). In Townsville this is the Townsville Field Training Area (TFTA). 

 

The TFTA site comprises of old cattle stations that have been bought over the last 40 
years and converted to a live fire range. This site is in excess of 240,000 hectares and is 
larger then the Australian Capital Territory. Due to the nature of cattle grazing the land has 
been degraded in several ways. There has also been mining activities conducted in the 
area, as a result there have been exotic plants introduced more then 100 years ago. 
Plants such as Chinee Apple where planted as a source of vitamin c to help prevent 
scurvy, however these plants have now become a problem. 

 

 

 

 

Some of the weeds found on site include:- 

 Rubber Vine (Cryptostegia grandiflora) 

 Chinee Apple (Ziziphus mauritiana) 

 Prickly pear (Opuntia spp.) 

 Mimosa Bush (Acacia farnesiana)  

 Siam Weed (Chromolaena odorata) 

 Lantana (Lantana camara) 

 Grader Grass (Themeda quadrivalvis) 

 Guinea Grass (Megathyrsus maximus) 

 Thatch Grass (Hyparrhenia rufa) 

 Seca (Seca stylo) 

 

As a general rule TFTA is in a fairly good and improving condition. This is due to the 
removal of stock and the careful management of training activities. The department of 
Defence also has a control program in place for feral animals, this has also helped to 
maintain and improve the overall site. The main infestations of weeds tend to be around 
old infrastructure such as homesteads, mine sites, areas of “pasture improvement” as well 
as watering points i.e. dams and windmills.  



Control Methods. 

Methods of control used include Planning, Site Hygiene, Basal Barking, Cut Stumping, 
Folia Spraying, Fire, as well as Mechanical and Physical Removal.  

 

The woody weeds are treated using a combination of Basal barking and Cut Stumping 
where the preferred treatment is Diesel and Access®. Mechanical Removal and hand 
pulling work best for some species and infestation locations. The Folia spraying is 
conducted with either Starane Advanced™ or Grazon® Extra as selective herbicides for 
broadleaf and woody weeds at the recommended label rates. The grasses are treated by 
Folia spraying using Glymac™ Dri 700 or Roundup® Bioactive in sites near water. All sites 
have follow up spot treatments.  

 

Fire is often used to provide access to sites and to remove dead vegetation after treatment 
and to promote germination of the seed bank. For some species this works well as a 
primary control method as well. The use of fire often provides better follow up 
opportunities. This method also helps promote grass cover and provide more competition 
to weed species. 

 

Fire is also used to treat the woody weeds in areas where access is not possible such as 
over the side of steep to near vertical escarpments and impact sectors (bombing areas). 
Access to these sites is not practicable due to Unxploded Ordance (UXO). As native 
vegetation regenerates and in fact requires fire to propagate this can be a very effective 
method of promoting germination of native vegetation adding to the integrated method of 
control. 

 

 

Roadsides are one of the areas that we concentrate on when treating weeds, as this helps 
to prevent the movement of weeds. We have found that if we can keep the weeds along 
these corridors under control they don’t spread away from the area. This helps to prevent 
spread within and/or outside the site.  

 

The use of fire is also used as a control method to prevent the spread of wild fires from 
within TFTA started by training exercises as well as preventing fires from encroaching onto 
defence land where there may be people or infrastructure that may be endangered. 

 

The use of cool burns reduces fuel loads along the boundaries of defence land and allows 
access to the edges of the road corridors. The use of theses cool burns along the 
boundaries and road edges also provides fire breaks for burns later in the year. The use of 
hot fires later in the season is an effective method of control for weeds such as Lantana 
and Siam. This also tends to remove and dead standing vegetation that had been treated 
previously in the year. It also opens the area up for follow up treatments by reducing the 
clutter and fallen timber. 

 



Hamilton Island 

Condition of site. 

The initial site inspection revealed areas that were devoid of most vegetation, excluding 
tree species, with the resulting condition either being in a degraded state or heavily 
infested with weed species after first rains. This was partly due to inappropriate herbicide 
selection ( non selective) as a previous weed management practice which allowed broad 
leaf weed species to dominate in the re-colonisation phase. These areas are the relatively 
undisturbed bushland areas, with some areas adjacent to formally landscape precincts. 
Most were almost completely denuded of all native grasses and ground cover vegetation. 
The only species on most sites was Lantana and Snake Weed.  

Weed control in garden areas is controlled by the resort presentation staff and the private 
complexes are looked after by contract gardeners.  

 

The potential problem with the above management strategy is the soils exposure to 
erosion and the dominance of a few weed species.   

 See Figure 1. 

 

Figure 1: Site on Hamilton Island 

 

Weeds Located on Site 

 Snake Weed (Stachytarpheta spp.) 

 Blue Top (Ageratum houstonianum) 



 Lucas (Leucas lavandulifolia) 

 Cobblers pegs (Bidens pilosa ) 

 Sickle Pods (Senna obtusifolia, S. hirsuta and S. tora) 

 Cocks comb (Celosia spp.) 

 Banana (Musa spp.) 

 Paw Paw (Carica papaya) 

 Grader Grass (Themeda quadrivalvis) 

 Guinea Grass (Megathyrsus maximus) 

 Lantana (Lantana camara) 

 

 

Aim of Control 

The aim of the weed control programme on Hamilton Island was to apply a broad leaf 
selective herbicide in order to encourage native grasses to return thus restoring vegetation 
cover. This had a two fold effect by reducing the erosion potential and reduction of ideal 
germination conditions of broad leaf species by vigorous competition.  

As Hamilton Island is a tourist resort and residential island the outcome should be 
ascetically pleasing and this methodology deliver the desired outcome. The second phase 
incorporates selective spraying of any rogue and undesirable grass species while 
continuing to mange the declared and exotic broad leaf species. 

 

Methods of Control 

Initially we conducted a site survey and developed a strategic plan that was designed to be 
flexible as the situation changed. Works have since been about implementing this plan and 
refining future goals 

There has been an integrated control program introduced on the island. In combination 
with a regulated herbicide control regime there has been a concerted effort by the Resort 
Presentation Manger to use local plants grown and propagated in the nursery. This 
reduces the risk of imported plants spreading weeds and diseases.  

Our program is delivered by regular visits usually 6-8 weeks apart depending on 
environmental parameters, germination patterns, weed growth and flowering cycles. This 
has shown great results over the last two years. By spraying this often we have managed 
to break the reproduction cycle of some species and restricted the number of seeding 
events for others. This has allowed us to greatly improve the area. 

Herbicides used. 

The herbicides used on this project consist of Starane™ Advanced, Grazon® Extra, 
Glymac™ dry 700 and Brush-off. These products were used in a rotation system to target 
different weeds at different times of the year and growth stages. 

 



The control has been undertaken by using a Quick Spray® system and covering the 
ground on foot spraying infestations as they have appeared. We have done this on a 
rotational system so that areas have received a break from the herbicide to allow native 
vegetation to out-compete the weeds and to emerge above the weed species to allow for 
easier identification and treatment in the future. 

 

It has been noted that as species have been treated other weed species have emerged to 
take their place this has been countered by rotating the herbicides used to treat different 
species. 

 

Over the last two years it has been noted that some of the most badly damaged sites now 
have between 80 and 90% grass cover see Figure 2. While other sites have not had this 
kind of result, they all now have grass cover replacing the weeds. This has improved the 
visual aspect of the Island for visitors and residents. This has also lead to an improvement 
of the native habitat for the resident fauna. It has been noted that there has been an 
increase in the native frogs in these areas as well. As frogs are an indicator species this 
bodes well for the Island into the future. 

 

Figure 2: Hamilton site now 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSION 

Plan the works but more importantly DO THE WORKS 

In conclusion it shows that if the hard work is applied and the quick fix is not expected but 
the long term vision is maintained there can be great improvements in areas over time. 
However it must be remembered that it requires people to be on the ground and doing the 
hard yards for the results to be shown. I was once told that a job in weeds is a job for life. I 
would like to think that while we will never completely beat weeds that over time we may 
learn to control them in better ways and never forget the basic principles. Control, Reduce 
and Out Compete problem plants. 

Figure 3: Comparison 



PROTECTING LAKEFIELD’S WETLANDS – STRATEGIC ERADICATION OF SALVINIA 
MOLESTA IN UPSTREAM SOURCES 

 
Andrew Petroeschevsky1, Jason Carroll2 and Susan Marsh2  
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ABSTRACT  
 
A large scale salvinia eradication project in the upper reaches of the Laura River on Cape 
York Peninsula aims to remove the threat this weed poses to a series of ecologically 
significant wetlands downstream in Lakefield National Park. The project commenced in 
2008 and represents one of the largest salvinia eradication attempts in Queensland. Now 
close to completion the project has so far successfully removed salvinia from a 240 
hectare irrigation supply dam and over more than nine kilometres of downstream 
waterways. This paper provides an overview of this eradication attempt and documents 
some of the key lessons learnt. 
 
Key Words: Salvinia, Eradication, Weeds of National Significance.  
 
INTRODUCTION 
 
Salvinia (Salvinia molesta) is a free floating aquatic plant often described as one of the 
world’s worst aquatic weeds. Native to South America it has since spread to and 
naturalised in other countries through its use as an ornamental plant. It has prolific growth 
rates and under ideal conditions can double in size in three days (van Oosterhout 2006). In 
ponded or slow moving waterways salvinia forms dense floating mats across the waters 
surface, which causes considerable ecological impacts including the complete 
displacement of aquatic flora and fauna. Salvinia is a Weed of National Significance and is 
a Class 2 pest under the Land Protection (Pest and Stock Route Management) Act 2002. 
 
In 1998 a salvinia infestation was discovered in Honey Dam, a 240 hectare irrigation 
supply dam located in the upper reaches of the Laura River near the township of Lakeland. 
This was only the second known incursion in Cape York but was highly significant as it 
threatened Lakefield National Park, located 68km downstream. Lakefield, the second 
largest National Park in Queensland, features an extensive series of valuable wetland 
systems that are home to a wide range of native flora and fauna, including the endangered 
cotton pygmy goose (Nettapus coromandeliandus) (Stephan 2006).  
 
BACKGROUND 
 
Following the detection of salvinia in Honey dam initial control works by the Cape York 
Weeds and Feral Animals Program and local stakeholders were successful in reducing the 
severity of the outbreak and destroying the original source of the infestation, a gully above 
the dam. The CYWAFAP also developed the Cape York Salvinia Management Plan with a 
long term goal to eradicate salvinia from the catchment.  
 
In 2008, despite the initial response efforts, salvinia remained in Honey dam and had 
spread 9km further downstream along Bullhead Creek and into a second dam. At this 
stage there were strong concerns that the infestation was likely to continue its downstream 
spread and eventually reach Lakefield NP. In response to these concerns a stakeholders 



meeting was convened in April 2008 to discuss future options for management. The main 
outcomes were a consensus that eradication should still be pursued but suitable 
investment be sought to commence an eradication program. Key stakeholders present at 
the meeting included South Cape York Catchments, National Aquatic Weeds Management 
Group, Cook Shire Council, Queensland Parks and Wildlife Service and local landholders.  
 
Pursuing eradication was ambitious, particularly given the size of the infestation. Despite 
salvinia reproducing only through vegetative growth eradication is considered difficult due 
to its aquatic nature and rapid growth rates. The Salvinia Control Manual states there are 
very few situations where eradication is possible and these are normally restricted to 
enclosed water bodies less than 1 ha in size (van Oosterhout 2006). However, most 
stakeholders agreed there were a number of exceptional circumstances with the Lakeland 
infestation that warranted an eradication attempt. These included:  

 biological control agents, although providing effective site control, would not prevent 
eventual further downstream spread and subsequent invasion of Lakefield NP  

 the significant and irreversible ecological damage to the parks wetlands that would 
result from a salvinia invasion 

 the low risk of salvinia reintroduction into the catchment  

 the limited distance salvinia had spread since its invasion, despite annual wet 
season flooding and flushing 

 Honey dams use for irrigation supply meant water levels were significantly lowered 
during the dry season, providing favourable conditions for salvinia control.  

 
In 2008/09 approximately $90,000 was secured from the Caring for our Country program 
by South Cape York Catchments to commence the eradication project. An additional 
$150,000 of Caring for our Country funding was sourced over the following two years to 
continue efforts. Significant in-kind support for the project was provided by the Laura 
Indigenous Rangers, Queensland Parks and Wildlife Service, NAWMG, Cook Shire 
Council, CYWAFAP, Biosecurity Queensland and local landholders. This included labour, 
supply of herbicides, loaning equipment and expert advice. 
 
METHODS 
 
Salvinia management requires site specific consideration with priorities dependent on the 
climate, nature and use of the water body, and extent of the infestation (van Oosterhout 
2006). During the project planning phase consideration was given to exploit site 
characteristics that aided in salvinia eradiation, such as the lowering of the dam, and to 
also overcome the site specific management challenges. Key challenges included: 

 the size and extent of the infestation, which crossed approximately 270 hectares 
and 9km of waterways, with varying degrees of accessibility 

 extensive undergrowth and reed beds across the site, which provided ideal 
harbourage areas for salvinia to hide, potentially compromising eradication efforts  

 a series of permanent spring fed gullies, each of which provided a persistent source 
of salvinia fragments and were difficult to treat due to their muddy nature.  

 
In response to the challenges posed by the sites size and diversity a staged approach to 
control was developed, using the following separate management units.  

1. Honey dam - 240ha irrigation supply dam and the upstream limit of salvinia. 
2. Bullhead Creek upper– a 2km stretch of stream above a creek causeway to Honey 

dam, including twelve surrounding swamps, springs and an off stream dam.  
3. Bullhead Creek lower – a 2km stretch below the causeway to Laura River, including 

four swamps. 



4. Laura River– 5km of waterway downstream from the Bullhead Creek and Laura 
River junction to the downstream limit of salvinia.  

 
The staged approach involved concentrating the intensive treatment efforts in the 
upstream management unit until all salvinia was removed, after which the intensive efforts 
then moved to the adjoining downstream unit. Management at downstream units was 
limited to biological control to suppress salvinia and reduce the risk of further spread. 
 
The intensive treatment program involved an integration of the following methods.  

1. initial fortnightly herbicide treatments of salvinia infestations using herbicide 
Weedmaster duo ® (glyphosate 360g/L) under minor use permit  

2. removal of all vegetation acting as harbourage areas 
3. draining of salvinia infested dams (where present)  
4. fortnightly monitoring of the management unit and hand removal of small salvinia 

regrowth following intensive herbicide treatment  
5. use of containment booms in Honey dam.  

 
To undertake the control works the project utilised a full-time contractor with part time 
support from SCYC employees and the other project stakeholders.  
 
RESULTS & DISCUSSION 
 
Honey Dam 
Control efforts commenced in May 2009 with biological control releases on Honey dam 
and other downstream sites. Intensive control efforts commenced in September the same 
year with initial fortnightly spraying of salvinia in the dam from boat or quad-bike around 
the dam edge. Herbicide treatments destroyed the bulk of the salvinia and subsequent 
hand removal from canoes or by foot removed the remaining plant fragments. Booms were 
deployed in the upper dam reaches to trap the salvinia reappearing in the spring fed 
gullies until such time each gully could be treated. Spraying with both herbicide and salt 
successfully destroyed the remaining fragments in these muddy gullies. By May 2009 all 
salvinia fragments had been destroyed in Honey dam with no regrowth detected since.  
 
The treatment program in Honey dam was aided by: biological control, which greatly 
restricted the density of salvinia; the lowering of Honey Dam, which stranded and 
desiccated much of the salvinia and reduced the treatment area; and the south easterly 
trade winds, which helped push much of the salvinia to the highly accessible north-west 
corner of the dam.  
 
Bullhead Creek Upper 
Intensive control efforts commenced in October 2009 and initially focused on clearing 
harbourage areas for salvinia. A combination of spraying, fire and slashing was 
successfully used to clear reed beds, woody debris and other vegetation that potentially 
hid salvinia across a 33 ha area. This provided clear access to much of the site, which 
allowed successful treatment of any salvinia present through herbicides and hand removal. 
In addition an off stream dam infested with salvinia was siphoned to desiccate salvinia 
trapped riparian vegetation. By January 2010 all salvinia was destroyed in this 
management unit with no regrowth detected since.  
 
Bullhead Creek Lower & Laura River 
Intensive control efforts in the remaining 7km of the Bullhead creek and Laura River units 
commenced in 2010. Efforts concentrated removing some off stream infestations as wet 



season flushing had removed salvinia from the main channel. Although there were a few 
reoccurrences of salvinia in areas previously thought clear recent surveys have been 
encouraging, with no salvinia found since March 2011.  
 
CONCLUSION AND KEY LESSONS LEARNT 
 
Since its implementation in 2008 the salvinia eradication project has proved to be highly 
successful and is close to completion. Currently only the only salvinia present at the site is 
the odd re-occurrence of small salvinia fragments in the downstream reaches despite 
frequent monitoring of the entire project site. In addition, regular surveys have found no 
salvinia in either Lakefield National Park or in the 59km of the Laura River between the 
park and the project site. Regular monitoring across the site will continue with eradication 
only to be considered when three years passes without a detection of a salvinia fragment.  
 
The project has demonstrated some key lessons for eradicating salvinia, which have 
implications for salvinia mangers across the country. These are briefly discussed below.  

1. With sufficient planning and resources, and providing salvinia can be successfully 
contained, eradication of salvinia is possible on larger scales than previously 
thought.  

2. Eradicating such a large salvinia infestation would not have been possible without 
the use of biological control - the high levels of control provided by the salvinia 
weevil substantially reduced both the cost of herbicide treatments and the risk of 
further downstream spread.   

3. Reed beds, woody debris and other vegetation acts as harbourage areas for 
salvinia. Their removal is extremely labour intensive but essential if salvinia is to be 
eradicated. 

4. Several alternative control methods were trialled without success. These included 
use of flame throwers and geofabrics to burn or shade salvinia trapped in mud.  

5. Glyphosate proved to be a highly useful herbicide for eradicating salvinia and its 
registration for use against salvinia should be pursued. In addition, salt proved 
effective in treating salvinia trapped in mud.  

6. When using herbicides across the large expanses of water the use of a marking dye 
helped avoid double ups and missed patches.  

7. Manipulation of water levels in infested dams greatly aids eradication efforts.  
8. Although time consuming manual removal by hand is essential for successful 

eradication. Involving people with different builds and sequestration techniques in 
survey and hand removal increases the likelihood of remaining plants been found.  
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ABSTRACT 

The development of resistance in weed populations to the world’s most widely used 
herbicide, glyphosate, is threatening weed management across the Australian landscape.  
Glyphosate is used for weed control in all sectors including native vegetation, backyards, 
parks and gardens, roadsides, rail lines and all agricultural sectors. Glyphosate is widely 
used, because it is highly efficacious on a wide range of species, cheap, and relatively 
benign to the user and the environment. In many sectors it is the only herbicide used. The 
world’s first case of glyphosate resistance was recorded in Australia in annual ryegrass 
(Lolium rigidum Gaudin) in 1996. By late 2010 another 4 species, awnless barnyard grass 
(Echinochloa colona (L) Link), liverseed grass (Urochloa panicoides P. Beauv.), windmill 
grass (Chloris truncate R.Br.) and flaxleaf fleabane (Conyza bonariensis (L.) Cronquist) 
were resistant to glyphosate in Australia.   

In 2004 the Australian Glyphosate Sustainability Working Group (AGSWG) was formed to 
promote better use and management of glyphosate and increase collaboration and 
consistency amongst the glyphosate research and extension activities of key research, 
extension and industry groups.  

This paper outlines the current state of glyphosate resistance in the world and how the 
AGSWG plans to engage with the non-cropping sectors of the weed management 
community to develop the necessary expertise, resources and tactics to promote 
responsible use of glyphosate and to sustain it as a highly effective herbicide. 

Keywords: glyphosate resistance, annual ryegrass, flaxleaf fleabane, barnyard grass, 
windmill grass 

INTRODUCTION 

Glyphosate is the most widely used and therefore the most important herbicide in world 
agriculture (Duke and Powles 2008). In Australia, glyphosate is also used for weed control 
in other sectors including native vegetation areas, residential yards, parks and gardens, 
industrial premises, roadsides, rail lines and forestry. Currently in Australia there are 225 
registered products that contain glyphosate with nearly 365,000 registered uses and 515 
plant species labelled for control (Infopest 2011).  

Glyphosate is popular because it kills a wide range of annual and perennial weed species, 
has low mammalian and environmental toxicity and little soil activity (Duke and Powles 
2008).  

The heavy reliance on glyphosate for weed control across such a wide range of situations 
leads to weed species shifts toward harder-to-kill species followed by the evolution of 
glyphosate resistant weed populations (Shaner 2000). This in turn leads to the 

http://www.glyphosateresistance.org.au/


development of hard-to-kill weed populations that ultimately increase weed management 
costs, seriously impacting on the profitability of agriculture. In many areas such as riparian 
and wetland areas suitable alternatives to glyphosate are not available and unlikely to 
become available. The mobility of glyphosate resistant weeds through pollen and seed 
means that glyphosate resistance that develop in one land management unit can easily 
spread to other areas. 

This paper will review the systems where glyphosate resistance has developed around the 
world and how the Australian Glyphosate Resistance Working Group (AGSWG) will 
develop strategies to reduce the risks of glyphosate resistance occurring on land managed 
by local councils, railways, transport authorities and water authorities in Australia.  

CURRENT STATE OF GLYPHOSATE RESISTANCE IN THE WORLD 

Glyphosate resistance is currently found in 14 countries (Table 1) (Heap 2011). 

Table 1. Number of glyphosate resistant weed species present in each country (adapted 
from Heap 2011). 

Country Number 
of species 

Country Number 
of species 

Canada 1 Italy 1 

USA 11 Czech 
Republic 

1 

Brazil 5 Israel 1 

Argentina 3 South Africa 3 

Chile 1 China 1 

Spain 5 Malaysia 1 

France 1 Australia 5 

The majority of cases in the USA are in glyphosate resistant soybean, maize and cotton 
production systems.  Palmer amaranth (Amaranthus palmeri S. Wats.), Italian ryegrass (L. 
multiflorum Lam.) and annual ryegrass also infest orchards, while flaxleaf fleabane and 
horseweed (Conyza canadensis (L.) Cronquist) are found in vineyards, plant nurseries and 
along roadsides. Winter grass (Poa annua L.) has recently been collected from a golf 
course. 

Brazil and Argentina have over 25 million hectares of glyphosate resistant crops (James 
2007), so most of their glyphosate resistant weeds are found in broadacre cropping. Brazil 
also has flaxleaf fleabane, horseweed, sourgrass (Digitaria insularis (L.) Mez ex Ekman) 
and Italian ryegrass in orchards. Colombia has crowsfoot grass (Eleusine indica (L.) 
Gaertn.) in coffee and Chile has Italian ryegrass in orchards. 

By contrast glyphosate resistance in Europe, Israel, South Africa, China and Malaysia has 
predominately developed in vineyards, orchards and roadsides. These differences are 
closely linked to the farming systems practiced. 

 



CURRENT STATE OF GLYPHOSATE RESISTANCE IN AUSTRALIA 

The world’s first glyphosate resistant weed was annual ryegrass found in Echuca, Victoria 
in 1996 (Powles et al. 1998, Pratley et al. 1999). Since then another four glyphosate 
resistant weed species – awnless barnyard grass, liverseed grass, windmill grass and 
flaxleaf fleabane have been confirmed. There are now 134 confirmed populations of 
glyphosate resistant ryegrass (Table 2). There are 18 glyphosate resistant barnyard grass 
populations, two liverseed grass, two windmill grass and eight fleabane populations.  

Table 2. Land uses reporting glyphosate resistant annual ryegrass in Australia (from 
Preston 2010). 

Situation  Number 
of sites 

States 

Broadacre cropping Chemical fallow 29 NSW 

 Winter grains 

Irrigated crops 

32 

1 

Vic, SA, 
WA 

SA 

Horticulture Tree crops 4 NSW 

 Vine crops 17 SA, WA 

Other Driveway 2 NSW, Vic 

 Fence line 
/Firebreak 

36 NSW, SA, 
Vic, WA 

 Irrigation channel 10 NSW 

 Airstrip 1 SA 

 Railway 1 WA 

 Roadside 1 SA 

The first case of annual ryegrass to evolve on roadsides was confirmed in 2010 with a 
second case yet to be confirmed in southern NSW. Fallows, fence lines, under-vine and 
under-tree areas may be sprayed from one to five times a season to maintain weed-free 
areas. Despite this variation in application intensity per season glyphosate resistance 
commonly appears after 12-15 years of use (Powles et al. 2008, Pratley et al. 1999, Neve 
et al. 2004, Preston et al. 2009). 

THREAT OF SPREADING GLYPHOSATE RESISTANT WEEDS 

Although glyphosate resistance is a relatively rare form of resistance (Duke and Powles 
2008), it has evolved due to over-reliance on glyphosate for weed control. Surveys of 
farmers have shown that 70% believe that resistance often comes from an external source 
as seed or pollen, rather that evolving due to their management (Llewellyn and Allen 
2006).  Unfortunately this perception potentially reduces landholders’ responsibility for 
managing glyphosate resistance (Marsh et al. 2006). In reality glyphosate resistance has 
been shown to evolve in-situ and be introduced from external sources. Glyphosate 
resistance introduced in weed seed and pollen will shorten the time for the problem to 
develop (Thill and Mallory-Smith 1997).  



Seed  

Seed can be transported by wind, water, machinery, livestock and fodder.  Weeds that 
have a pappus attached to their seeds are able to be blown considerable distances by the 
wind. Fleabane has been found to spread between 500 and 1,800 metres from the parent 
plant (Shields et al. 2006, Borger et al. 2010) with seeds being collected 140 m above the 
ground (Shields et al. 2006). Fleabane is a common roadside and fence line weed with the 
potential to rapidly invade adjacent areas. Some species detach from the root system and 
tumble dropping seeds as they roll. In the USA Salsola iberica L. has been measured 
travelling up to 4000 m in the direction of the prevailing wind (Stallings et al. 1995). It is 
common for weeds such as Brassica tournifortii  Gouan and Raphanus raphanistrum L. to 
break off at ground level on maturation and roll downwind. Many grasses, including 
windmill grass, have seed heads that detach and blow in the wind, often accumulating on 
fences. 
 
Contaminated crop seed is also a common avenue for weed spread (Moerkerk 2002, 
Nickam et al. 2002). In a survey of Western Australian farmer crop seed Michael et al. 
(2010) found that three quarters of samples contained weed seed and most of that was 
resistant to one or more herbicide mode-of-actions, although no glyphosate resistance was 
found. A survey of drought fodder in NSW in 1981 found grain and hay highly 
contaminated with weed seeds (Thomas et al. 1984) and this should be seen as a warning 
for spreading weeds through urban areas where hay is used as mulch. In 2011, Western 
Australian gardeners found new weed species where they had used sugar cane ‘hay’ as 
garden mulch which had been imported from Queensland and distributed by a major 
hardware retail chain (Peltzer pers. comm. 2011). 

Pollen 

Genes carrying herbicide resistance can be spread in pollen by weeds that are obligate 
out-crossers. Of the current glyphosate resistant weeds in Australia only annual ryegrass 
is an out-crossing species, although glyphosate resistant canola is also an out-crossing 
species.  Reiger et al. (2001) showed that fertile hybrids between canola and Raphanus 
raphanistrum are possible, albeit at very low frequencies. Researchers in the USA found 
that by modelling the flow of Amaranthus tuberculatus pollen, glyphosate resistance has 
the potential spread over 4000 m per year (Hartzler 2011).  

THE AUSTRALIAN GLYPHOSATE SUSTAINABILITY WORKING GROUP 

The Australian Glyphosate Sustainability Working Group (AGSWG) was first established in 
2004 by the Grains Research and Development Corporation (GRDC) and the Cooperative 
Research Centre for Australian Weed Management to develop strategies to combat the 
increase in glyphosate-resistant weeds. The participants in the AGSWG include public 
sector researchers, agricultural industry and representatives from the herbicide industry 
(AGSWG 2010). The AGSWG is a globally unique organisation whose role it is to identify 
and develop key extension messages for delivery to all Australian glyphosate users.  
The AGSWG, in partnership with other public sector weed experts, have procured Rural 
Industries Research and Development Corporation funding to develop strategies to reduce 
the risk of glyphosate resistance occurring on land managed by local councils, railways, 
transport authorities and water authorities in Australia. The project will identify the key 
decision makers, existing knowledge, benchmark the extent of glyphosate resistance in 
these sectors and identify and deliver alternatives to glyphosate use in these areas. 

 



CONCLUSION 

Glyphosate plays a critical role in all sectors of weed management in Australia. Despite 
glyphosate resistance being relatively rare, the number of species developing resistance is 
accelerating at an alarming rate. Four new species have been identified in Australia in the 
past four years with two of those in 2010.  Glyphosate resistant ryegrass was also 
confirmed to have evolved on roadsides in 2010.  The genes for glyphosate resistance are 
mobile and can readily spread by seed and pollen movement. Non-broadacre cropping 
areas of fences, tree crops, vines and roadsides are the new growth areas for glyphosate 
resistance. The AGSWG and co-operators are commencing a project in 2011 to 
benchmark glyphosate resistance risks in non-crop areas and develop industry relevant 
tactics and extension materials to combat this expanding threat. 
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ABSTRACT 

 

Having limited resources to manage weeds in large natural areas is a 
familiar problem. A common approach is to combat the most visible and 
accessible weeds to achieve a perceptible outcome. This method may 
therefore, ignore weeds that threaten areas of high conservation value or 
the source of the infestations. Any weed management program should be 
based on a strategic systems approach that can be simplified as plan, do, 
check and act. The effectiveness of this strategy lies in the quality of 
baseline data. This can be affected by different site characteristics 
including size of site, terrain, vegetation and types of weeds being 
targeted. 

This paper describes three case studies in which these challenges were 
addressed, using aerial monitoring, GPS technology and a strategic 
approach to monitoring. Each case study provides evidence of how the 
implementation of these basic monitoring and management principles 
enables the effective use of limited resources.   

Keywords - Strategic, Aerial Surveying, GPS, ArcGIS, Weed Management, 
Monitoring,  

 

 

INTRODUCTION 

 

Weed management in large natural areas may seem insurmountable, 
particularly where resources are limited. It is tempting to focus treatment 
activities on those weeds most visible, where control efforts are generally 
simpler, observable and a successful outcome is more perceptible.  
Management activities are also more likely to be undertaken in easily 
accessible locations, such as along roadways, paths and tracks. However, 
this strategy often fails to consider a range of factors which may influence 
the occurrence of weeds and could potentially fail to protect high 
conservation areas.  

Good weed management strategy can be basic if it is founded on the 



 

 

following principals: 

1. PLAN: Understand the nature of the weeds present (i.e. species; 
location, density and extent; potential to impact natural, economic, social 
values; potential to spread) and prioritise control efforts - use limited 
resources to gain the greatest benefit. 

2. DO: Implement a control program, based on best practice treatment 
methods. 

3. CHECK: Monitor the effectiveness of the chosen strategies.  

4. ACT: Review the program and apply the most appropriate course of 
action. 

This strategy can appear straightforward; however it is easy to get lost 
along the way. Factors such as budgets, time, weather and personnel may 
change or constrain the process and outcomes. The cornerstone of basic 
strategy is a comprehensive understanding of current site conditions. This 
information establishes the processes, actions and responses to be 
performed throughout the management program.  

This paper explores the application of basic strategies in managing weeds 
within large natural areas and the tools used in the collection, analysis and 
communication of the data. Three case studies will be discussed to 
highlight the successes and challenges associated with data collection 
and presentation and the impact this has on overall strategy: 

 Aerial mapping of Cats Claw Creeper (Macfadyena unguis-cati) and 
Madeira Vine (Anredera cordifolia)of  Nerang and Tweed Valleys  

 Vegetation management at Enoggera Close Training Area  

 Vegetation management at Shoalwater Bay Training Area 

 

 
MATERIALS AND METHODS 

 

It is essential to understand the nature of what requires management and 
the limitations of the available tools, techniques and budgets prior to 
determining the appropriate methods for completing the job. The differing 
nature of various weed species can dramatically affect the success of data 
collection and the way in which data is displayed. Understanding the 
appropriate methods for different weed species and behaviours prior to 
monitoring can save time and money.  

The tools and techniques which are the focus of this paper include aerial 
image analysis, aerial surveys and GPS units and ArcGIS as methods of 



 

 

data collection, display and management, for large natural areas. These 
each have strengths and weaknesses, influenced by site features and 
weed type.  

Aerial image analysis - Prior to site inspections and works, a basic 
analysis can be undertaken of high resolution aerial images by qualified 
personnel. This analysis applies an understanding of the nature of weeds, 
landscape features and natural vegetation types to identify potential high 
weed growth areas.  This desktop review enables the identification of 
focus areas for which ground truthing can be undertaken. It can also assist 
in strategy and budgetary aspects, however is limited in the provision of 
specific, on-ground detail. This process also relies upon the person 
undertaking the analysis to have a combined knowledge of weed 
behaviour, vegetation types and understanding of different landscape 
colours and patterns from aerial images. Digitising potential weed areas at 
this stage into ArcGIS provides a basis from which to amend and update 
data once supplemented by ground truthing.   

Aerial surveys and GPS accuracy - Some sites require the use of aerial 
surveying due to size, topography, vegetation density or safety concerns. 
These constraints often mean that aerial surveying is the most effective 
and economic way to undertake weed surveys and monitoring. There are 
associated limitations which include difficulties in navigation and data 
capture, however good equipment, navigation and methods can reduce 
the impact of these.  

The collection of accurate data from a helicopter can be difficult. 
Traditional GPS units are designed to collect data from a stationary 
position on the ground. When used in the air, from a moving object, their 
accuracy can potentially be out by hundreds of metres. Laser positioning 
systems coupled with experienced surveyors can improve accuracy 
considerably. The ‘ike1000’ laser GPS unit is able to capture a GPS point 
up to one kilometre away, to an accuracy of plus/minus 5cm, depending 
on topography and vegetation. This accuracy is also affected by the height 
and speed at which the unit is travelling when it captures the position but 
to a far lesser degree than standard units. Ensuring that the most accurate 
data is captured from a helicopter reduces the error on the ground for 
personnel re-locating that data point. The ike1000 is also able to collect 
data at any angle from the helicopter, which reduces the precision at which 
the helicopter needs to be flown and therefore time spent in the air.  

ArcGIS - ArcGIS is a powerful data display, management and storage 
tool. Spatial data collected in the field is not only able to be displayed 
through ArcGIS bit is also able to be annotated with multiple fields of data. 
An attribute table can be built to contain information about weed types, 
densities, treatment methods, treatment frequencies, climatic events or 
surrounding vegetation types. When continually managed and updated 
with current or historical data it can turn into a valuable database from 
which information about the site can be collected or modelled. The 
limitations of ArcGIS include personnel from both the developers side as 
well as the receivers side being able to confidently manage and access 



 

 

the data and it can be time consuming to establish.   

 
 
CASE STUDIES 

 

Enoggera Close Training Area - ArcGIS, Image Analysis - The 
Enoggera Close Training Area is 113 ha of natural vegetation used for 
military training purposes. The site contains varying vegetation types, 
weed densities and steep undulating topography. Prior to the 
commencement of vegetation management works a basic aerial image 
analysis was undertaken by personnel to inform strategy and budgeting. 
This involved analysing an aerial image to identify areas within the site 
most likely to contain weeds and performing subsequent mapping of their 
predicted extent. This established site specific baseline data to be 
developed within a small budget over a relatively large site. During the 
initial assessment and monitoring, these areas were ground truthed and 
corrected where required.  

This simple analysis of a relatively large site was key to informing the 
strategy for preliminary works and focused personnel to priority areas 
requiring immediate management. The initial analysis was built upon 
throughout the project as areas were clarified and new infestations were 
identified. This enabled a detailed shapefile to be built of which the 
attribute table which was continuously updated with site specific data and 
was used to inform works and display results.  

 

Tweed Valley Cats Claw Creeper and Madeira Vine Mapping - Aerial 
Mapping - Tweed Shire Council required the mapping of Cats Claw 
Creeper and Madeira Vine to determine the extent of infestation within the 
Mid and Upper Tweed River,  Lower and Upper Oxley Creek, Lower and 
Upper Rous River. The purpose of the mapping of these invasive vines 
was to provide information to enable strategic and methodical 
management of these deleterious weed species.  

Aerial mapping required the flying of all waterways in the above mentioned 
catchments, using ‘ike305’ laser GPS to pinpoint the locations of theses 
weeds. When established, these weeds are visible within the vegetation 
canopy, and have distinctive flowers, enabling clear visual identification 
when surveyed by trained personnel. This method of data collection, 
supported by desktop survey and ground truthing resulted in 90 - 98% 
accuracy of aerial data collection methods. This mapping has provided a 
solid baseline to which any future data can be compared and continues to 
inform strategic decision making regarding the management of these 
species.  

Shoalwater Bay Training Area – Aerial Mapping - Shoalwater Bay 
Training Area is a 270,000ha training base for Australian and International 



 

 

armed forces. It is a large and ecologically diverse area located just north 
of Rockhampton. The size and topography of this site influenced survey 
and monitoring methodology and it was determined aerial surveying and 
monitoring was required to inform best practice weed management works. 
The ike1000 GPS was used to collect the data and ArcGIS was used to 
manage, annotate and display the data.  

At the commencement of the project, an infestation of Caster Oil Plant 
(Ricinus communis) was recorded during ground surveys, identified at the 
intersection of a creek line and road. It was treated in accordance with 
standard techniques and personnel monitored the immediate area for 
further infestations. During subsequent aerial surveys this site was 
inspected and the creek line followed upstream. Aerial inspections 
recorded 11 additional infestations up to 3.2km upstream of the original 
infestation. These stands were of varying size and density. This survey 
provided an accurate indication of the actual extent of Caster Oil Plant  in 
that specific location. This was integral in determining future strategies for 
treatment of that area. To effectively treat this species at this location, 
upstream infestations will require treatment first. This simple monitoring 
technique saved time and money spent on repetitively treating what was 
revealed to be a minor infestation of Caster Oil Plant, and enabled a more 
holistic strategy to be developed. This also facilitated the development of a 
management technique which could be applied across the site, at similar 
locations, if required. The experience of the management team at this site 
is an excellent example where treatment of the visible infestation is not the 
most effective strategy. 

 

 

CONCLUSION  

To establish a basic yet effective strategy, good information is required. 
The quality of information about a site may be influenced by the extent of 
understanding of the nature of the weed species being assessed, its 
location and the constraints of the project. Understanding the limitations of 
data collection and management methods and technologies enables the 
development of the appropriate methods. Applying the correct methods 
results in the establishment of accurate baseline data, the cornerstone of 
any good, basic strategy. 
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WEEDS THREATENING THE SOUTHERN GULF REGION – WHAT HAS BEEN DONE 
AND WHAT NEEDS TO HAPPEN 

Charles Curry, Southern Gulf Catchments Ltd 

Abstract 

Weeds threatening the Southern Gulf – what we’ve done and what needs to happen 

Over $4M of funding has been spent across the Southern Gulf this decade managing 
WoNS rubber vine, prickly acacia, mesquite, parkinsonia and athel pine, and bellyache 
bush, complementing work in the 1990s by Qld SWEEP projects. 

What has been achieved?  

Rubber vine - preventing the westward spread of rubber vine into National Park and the 
Northern Territory by maintaining control of rubber vine at strategic areas in the NT/Qld 
buffer zone west of the Rubber Vine Containment Line; support for the development of 
techniques for the aerial ignition of rubber vine - a promising project with the potential to 
enable viable and economical attempts at control of the worst infestations in the region, 
especially the Gregory and Leichhardt Rivers.  

Prickly acacia - strategic management of prickly acacia through control of outlier 
infestations, outside the containment zone generally and on the lower Gulf plains in 
particular; and capacity building and targeted control in core areas. 

Mesquite - control of mesquite in six key strategic areas through the GROM (get Rid of 
Mesquite) model. 

Parkinsonia - control and adaptive management of parkinsonia in the valuable wetlands 
of the lower Gulf plains, with emphasis on promotion of the introduction of die-back 
fungus. 

Athel pine – tackling two core infestations on the Flinders River and two in Mount Isa. 

Bellyache bush – some control along 25 km of the iconic Gregory River, a declared Wild 
River and continuing control on Corella Creek above Lake Corella. 

Southern Gulf’s outlier WoNS and other serious weed infestations can be controlled and 
kept in check so long as a number of factors come into play: 

 Regional priorities and planning 

 Dedicated property weed control planning and management 

 Partnerships and co-operation between landholders, local government, government 
agencies, the NRM body, Wild River rangers and other indigenous groups  

 Consistent incentive funding 

 Some enforcement and compliance where necessary. 

What has been happening over the past fifteen years needs to be continued and 
progressed in the same strategic areas and zones, to build on the success of previous 
programs across the region. 

The weed problem is too great for control by the properties alone; however, contributions 
will be expected from them. 

 



Introduction 

Over $4 million of Government funding has been devolved this decade by Natural 
Resource Management group Southern Gulf Catchments Ltd across the Southern Gulf 
on projects managing Weeds of National Significance (WoNS) - rubber vine 
(Cryptostegia grandiflora), prickly acacia (Acacia nilotica subsp. indica), mesquite 
(Prosopis spp. hybrid and Prosopis pallida), parkinsonia (Parkinsonia aculeata), 
parthenium (Parthenium hysterophorus) and athel pine (Tamarix aphylla) as well as other 
significant weeds bellyache bush (Jatropha gossypiifolia), coral cactus (Cylindropuntia 
fulgida var. mamillata forma monstrosa), chinee apple (Ziziphus mauritiana),and 
calotrope (Calotropus procera and C. gigantea). These projects complemented work in 
the 1990s by Queensland SWEEP (Strategic Weed Eradication and Education program) 
projects and the extensive work carried out by landholders and land managers.  

 
Map. Southern Gulf Catchments, depicting Rubber Vine and Prickly Acacia Containment 
Lines and major weed treatment properties. 

Methodology 

Rubber vine (Cryptostegia grandiflora) 

The majority of rubber vine funding is directed at maintaining control of rubber vine at 
strategic areas in the Northern Territory / Queensland 100 km buffer zone and along 
major river systems west of the Rubber Vine Containment Line (shown on the map 
above). The desired outcome is prevention of the westward spread of rubber vine into 
Boodjamulla (Lawn Hill) National Park and the Northern Territory which is still free of 
rubber vine according to recent surveys.  



We provide support for the development of techniques for the aerial ignition of rubber 
vine - a promising project with the potential to enable viable and economical attempts at 
control of the worst infestations in the region, especially the Gregory and Leichhardt 
Rivers.  

Prickly acacia (Acacia nilotica subsp. indica)  

Most funding of this species aims for strategic management through control of outlier 
infestations, outside the containment zone generally and on the lower Gulf plains in 
particular; and capacity building and limited targeted control in core areas. 

Strategic control of isolated and outlier prickly acacia infestations in the higher rainfall 
lower Gulf plains is being achieved by a broad community project involving a range of 
company and privately-owned properties including Magowra, Inverleigh, Inverleigh West,  
Armraynald, Lawn Hill and Stanbroke-owned Glenore, Macalister, Donors Hill, Augustus 
Downs and Kamilaroi. Dedicated funding of around $620,000 from two governments 
between 2008 and 2011 has been spent on those Lower Gulf properties with better than 
$ for $ in-kind contributed by almost all properties involved.  

Mesquite (Prosopis spp. hybrid and Prosopis pallida) 

The major objective is control of and eventual eradication of mesquite throughout the 
Southern Gulf. The Northwest Queensland GROM (Get Rid of Mesquite) initiative led by 
a partnership comprising representatives from Southern Gulf, Biosecurity Queensland 
and McKinlay Shire and the National Prickle Bush Coordinator is providing innovative 
solutions to treatment of mesquite in six key strategic areas in the Southern Gulf 
Catchments region of northwest Queensland. GROM acts as a channel for regional 
actions that will lead to feasible and viable long-term on-ground outcomes. It has resulted 
in core areas being reduced from hundreds of thousands of hectares to 15,000 hectares - 
several thousand hectares of dense infestations and the rest comprised of manageable 
scattered infestations. As most current mesquite infestations are now relatively small and 
sparse, it is critical that all possible efforts are directed to confining, controlling and 
eradicating this WoNS.  

The six key strategic areas are: 

 Upper McKinlay River (medium scale infestations); 

 Kynuna - Wild Duck Creek on the Desert Channels boundary; 

 Lower Gulf - Burke Shire (small scale infestations across multiple properties); 

 Williams River (medium scale infestations); 

 Cloncurry Shire (isolated individual plants and small infestations usually associated with 
historical plantings, e.g. Mary Kathleen mine site); 

 Hughenden core infestation area (large scale infestations of varying density over multiple 
adjoining properties); 

  Some 60 individual properties (small scale) and urban and peri-urban areas. 

Parkinsonia (Parkinsonia aculaeta) 

Limited funding has been used to control and apply adaptive management of parkinsonia 
in the valuable wetlands of the lower Gulf plains and along waterways on a small number 
of properties. Recently, emphasis has been on promotion of the introduction of die-back 
fungus. 

Bellyache bush (Jatropha gossypiifolia) 



In the Southern Gulf region, treatment has occurred on infestations on Gregory River 
north of Gregory Downs township, Corella Creek around and upstream of Lake Corella, 
Jardine Creek east of Hughenden, Mount Isa Water Board land, on Mornington Island 
and near homesteads on four properties around the region. Almost all infestations appear 
to have originated from garden escapes. 

Athel pine (Tamarix aphylla) 

Athel pine has been planted as windbreaks and shade trees around many homesteads 
and watering points but management is only considered necessary where river systems 
are at risk.  

Four infestations of concern have been treated: 

 Hughenden, 2008 - eradication of athel pine from a 7 ha site along 1 km of the Flinders 
River; 

 Hughenden, 2010  - a 3 ha site off Flinders River about 12 km downstream; 

 Mount Isa City; 

 Xstrata mine lease Mount Isa - athel pine control. 

What Needs to Happen?  

Southern Gulf’s outlier WoNS infestations can be controlled and kept in check so long as 
a number of factors come into play: 

1. Dedicated property weed control planning and management; 
2. Consistent incentive funding from government and private initiatives; 
3. Co-operation between landholders, local government, the NRM body, Wild River rangers, 

other indigenous groups including Waanyi and Kalkadoon, and relevant government 
agencies; 

4. The right degree of enforcement and compliance where necessary. 

These factors could be considered as opportunities; if not enacted they become serious 
risks or threats. 

We need more of what has been happening over the past fifteen years in the same 
strategic areas and zones, to build on the success of previous programs across the 
region. 

The weed problem is too great for control by the properties alone; however, contributions 
will be expected from them. 

Discussion 

A special case that exemplifies the above statements is the Gregory River, rising in the 
Northern Territory, a large permanently flowing stream fed by a limestone aquifer in its 
headwaters on the Queensland side and flowing to the Gulf of Carpentaria near 
Burketown. 

Gregory River – iconic and a declared Wild River under massive threat from weeds  

It is a declared Wild River under the Wild Rivers Act 2005 with an area of 24,365 sq km, 
but what is the benefit or otherwise of that?  



The Gregory River hasn’t been cleared along its banks or in its catchment, it is largely 
fenced to keep cattle off the river most of the time, it has only one minor extraction site, it 
has no mining near it, and it is loved by locals for camping, fishing and canoeing.   

So, why isn’t the river in great shape? 

The Gregory River is often described as ‘pristine’ or ‘iconic’.  It may well be iconic but 
pristine it is not. The river is under extreme threat from massive weed invasion, weed 
invasion that is now beyond the control of property resources and current government 
incentive funding. The weeds include rubber vine, bellyache bush, calotrope, noogoora 
burr, parkinsonia. 

The High Preservation Zone (1 km both sides of the river) and so-called under the Wild 
River declaration is the area at the greatest risk of devastation. 

One bright note for another part of the Gregory Wild River area – Lawn Hill Creek after it 
leaves the wonderful Boodjamulla National Park and winds its way through Lawn Hill 
Station is, after a fourth treatment in 2010, again virtually free of rubber vine, that is, until 
it nears its confluence with the Gregory.  

Weed management projects along the Gregory River on Riversleigh and Gregory Downs 
Stations have tried to maintain some degree of control but the spread has increased 
exponentially in the last five years, to the extent that rubber vine is now dominating large 
stretches of river bank, upwards of 40 km.  

The river through Riversleigh is in relatively good condition weed-wise and can be 
rehabilitated with dedicated commitment. Through Gregory Downs, approximately 80km 
of frontage, and beyond, it would be fair to say that at least 50% of the river is now 
devastated by towering rubber vine, destroying majestic paperbarks, Leichhardt trees 
and river red gums and animal and bird habitat. In 2009-10 and 2010-11, most control 
work has been confined to pushing rubber vine from the flood plain back into the river 
and attempting to halt the spread of bellyache bush downstream from its two main 
sources of infestation, near Gregory Downs township and 32 km downstream on Gregory 
Downs. Calotrope, not a Declared Plant in Queensland, has received little treatment 
beyond what the property itself has contracted. 

Projects urgently need to be undertaken by Southern Gulf Catchments and its partners to 
provide follow-up treatment of previous operations on the Gregory River and extend into 
new areas of infestation along and away from the river, using a range of integrated 
management activities including aerial ignition of the rubber vine canopy to open up the 
infestation to ground-based control, mechanical clearing and implementation of several 
herbicide regimes – basal bark, foliar spray and ground applications.  

Considerable funding injections for weed management and other rehabilitation works 
over the next four to five years are imperative. 

A ranger team dedicated to this river and another team dedicated to the Lawn Hill 
section, indigenous or otherwise, preferably both, is warranted. This would impart a 
sense of ownership of the river and lead to consistent and ongoing maintenance and 
care. 
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Abstract 
 
The success of revegetation depends on many parameters; amelioration of the sub-soil, 
depth of topsoil, drainage, moisture levels, species selection, seeding rates, nutrition and 
weed control. However the challenge is that many Mining companies operate in low rainfall 
areas, utilising soils with low nutritional and organic matter as the topsoil. This material is a 
scarce resource and used sparingly. Moisture and nutrition levels are critical, with any 
competition from weeds reducing the success of the revegetation.  Weeds, such as 
leuceana, will create extra pressures on the revegetation, both from alleopathy and from 
canopy domination, while rubber vine will dominate the canopy. 
 
Keywords: weeds, revegetation, alleopathy, leucaena, rubbervine 
 
Introduction 
 
Successful revegetation of mine sites depends on many factors; amelioration of the sub-
soil, depth of topsoil, drainage, moisture levels, species selection, seeding rates, nutrition 
and weed control. Mines of all descriptions tend to operate in low rainfall areas, utilising 
topsoils with low nutritional and organic matter. This material is a scarce resource and 
used sparingly. Landloch Pty Ltd has been involved in site assessment, amelioration and 
monitoring for over 14 years. Weed control is a major issue facing many sites especially 
given that many of these weeds are classified, and many are not. The elimination of any 
weeds is necessary, to reduce the competition for moisture, nutrients and organic matter. 
The first twelve months is critical to the success or failure of most revegetation projects. 
 
Assessment 
 
Several mining sites are assessed as part of Landloch’s business operations, the 
summary of which is discussed in this paper. Overall, the impact of weeds is given a low 
priority, by members of the environmental departments on mine sites. Rarely, is the topsoil 
spray-topped to reduce weed seed populations, prior to stock piling and once spread, the 
time lag, between levelling and sowing new seed, is too great. This allows weeds to 
germinate and extract scarce moisture and nutrients. Often fertiliser is not applied at 
seeding which limits the revegetation success. Successful rehabilitation will generally have 
a strong coverage of perennial, stoloniferous grasses and scattered shrub and tree 
species. This mix is dependent on the individual mine’s closure criteria. (Figure 1). 
Perennial grasses are needed to reduce soil movement and reduce erosion. 



 
Figure 1: Early Successful rehabilitation 
 
Occasionally, weeds are allowed to grow and are than destroyed, helping to build organic 
matter levels. Unfortunately, the control is often delayed and further seed set occurs. 
Forage sorghum and parthenium (parthenium hysterophorus) are two such weeds. 
(Figures 2 and 3). These species establish quickly, preventing others from germinating 
and produce viable seed readily. 

   
Figure 2: Forage Sorghum    Figure 3: Parthenium 
 
On some sites, leucaena has become established, creating a mono-culture. The high seed 
viability, canopy dominance and alleopathic nature of this plant, prevent most other 
species from establishing. (Figure 4) 

   
Figure 4: Dominance of Leuceana        Figure 5: Safety Issues created by scouring 



 
Control of weeds in this situation becomes difficult, as the height and density of the weeds, 
camouflage any erosion/ gullies resulting in safety issues (Figure 5), and the use of aircraft 
is often negated by the sites safety restrictions. Selective spraying of the weed is difficult 
and often preferred species are also eliminated. The surviving seed density from allowing 
weeds to mature, will ensure weed germination for many years to come. 
 
The operation to control of weeds on mine sites has its own issues, with specialised 
equipment and a high level of safety. (Figures 6 and 7). Portable, on-site bunding, poor 
quality water, remote access and large areas of scouring are a few of the issues. 

   
Figure 6: Decanting and Mixing of Chemicals Figure 7: Spot Spraying equipment 
 
As the rehabilitation area matures, other weeds, such as; rubbervine (Cryptostegia 
grandiflora), Prickly Acacia (Acacia nilotica), Mother-of-Millions (Kalanchoe tubiflora), 
Singapore daisy (Wedelia trilobata) and Vinca (Vinca spp.) start to dominate. (Figures 8, 9 
and 10). These may or may not be weeds, depending on the individual mines sites closure 
criteria. 

     
Figure 8   Figure 9   Figure 10 
 
Regular monitoring of rehabilitation sites indicates that weeds can reduce the success of 
rehabilitation dramatically (Table 1). 
 
Table 1: Monitoring sites 

Transect 
Code 

Trees/Shrubs 
species count 

Grass 
species count 

Weeds Comments 

33 6 4 (bg, bu, wg, 
sg) 

Prickly acacia, 
tree pear, 
Sesbania 

Dominant Buffel grass 



37 Nearest 20m 
away with clump 

of 3 species 
present 

4 (rg, wg, sg, 
bg) 

Light to 
moderate 
Sesbania, 
Leucaena 

Mainly Windmill grass 

38 1 4 (bg, wg, bl, 
rg) 

Leucaena, 
Passionflower 
present 

Heavy leucaena and 
buffel grass coverage 

74 21 8 (wg, bg, sg, 
rg, others) 

- Black cracking clay, 
medium diversity 

77 37 7 (bg, rg, wg, 
others) 

Sesbania, 
Passionflower 

Relatively new 
rehabilitation, high 
diversity 

Bg = bluegrass, bu = buffel grass, rg = rhodes grass, sg = speargrass, wg =windmill grass 

 
Recommendations; 
The control of weeds in topsoil areas, prior to striping and regular control in young 
rehabilitation will significantly improve the quality of rehabilitation. This leads to earlier 
achievement of closure criteria. Regular monitoring of rehabilitated areas, identifies what 
and where, weed control is necessary. Early identification and control reduces chemical, 
labour costs and allows a greater diversification of native species.  
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ABSTRACT 

Treatment of small areas of cabomba with 2 ppm carfentrazone-ethyl within a larger fully 
infested dam resulted in a 76% reduction in biomass 3 months after treatment. However, 
there was full recovery of cabomba within 12 months at most sites with minimal non target 
damage. The efficacy of a whole of water body treatment of cabomba with 2 ppm 
carfentrazone-ethyl was investigated. Half a 0.8 ha dam was treated in February 2010 and 
the remainder of the dam was treated 4 weeks later. All aquatic vegetation including cabomba 
had disappeared from the dam by 6 months after treatment (MAT) and there was no evidence 
of recovery of any aquatic species 12 MAT. More work is required to determine if either less 
chemical can be used in a whole of water-body treatment to remove only the cabomba or if 
the timing of the second application can be adjusted to lessen non target damage. 

Keywords: Cabomba, Cabomba caroliniana, aquatic weeds, carfentrazone-ethyl and FMC 
Australasia P/L 

 

INTRODUCTION 

Cabomba (Cabomba caroliniana) is a native of central South America and has become 
naturalized in the south east of the USA.  Dispersion throughout the rest of the world has 
been largely via the aquarium trade.  In Australia, the first herbarium record of cabomba is 
dated 1967; however anecdotal evidence suggests that cabomba may have arrived as early 
as the 1930s. Cabomba has now spread from Victoria to Darwin and has been found in 
shallow, permanently flowing creeks, deep, slow-flowing pools of coastal river systems and in 
shallow dams.  It is extremely persistent and can establish monocultures that endanger native 
aquatic flora and fauna.  Dense stands can make waterways unsafe for swimming, and 
associated water sports, and can restrict boating and fishing activities.  Cabomba physically 
interferes with water storage and distribution infrastructure.  For these and other reasons it is 
declared “a Weed of National Significance.” 

Cabomba can be controlled by a number of methods: mechanical (cutting, pulling and 
dredging), habitat modification (raising and lowering water levels and by increasing shade) 
and chemicals.  In 2005 2,4D esters registration for cabomba control was suspended by the 
APVMA and there has been no registered herbicide since that time. This paper reports the 
use of Shark* Aquatic herbicide, containing the active ingredient carfentrazone-ethyl, for the 
control of cabomba.   Carfentrazone-ethyl is a low use rate (2ppm) highly efficacious, non-
persistent, contact herbicide from FMC Australasia Pty Ltd.   In North America, carfentrazone-
ethyl has demonstrated potential as an aquatic herbicide, giving excellent control of water 
lettuce (Pistia stratiotes), water hyacinth (Eichhornia crassipes), duckweeds (Lemma spp,) 



and salvinia (Salvinia molesta) (FMC Corporation 2004).   In Australia, carfentrazone is 
already approved for use in winter cereals, fallow, industrial situations, and rice. 

This work was conducted by officers of the NSW Department of Primary Industries from 
Grafton Primary Industries Institute; in conjunction with FMC Australasia Pty Ltd. Funding was 
provided by the Australian Government’s Defeating the Weed Menace program and NSW 
Department of Primary Industries under the “National assessment and development of best 
practice management information for cabomba project”. 

 

MATERIALS AND METHODS  

Part water body treatment 

A series of field trials was carried out to measure efficacy of carfentrazone-ethyl against the 
submerged aquatic weed cabomba in Australia. Both the 210 and 240 g/L herbicide 
formulations were used. This body of trials was undertaken on mature cabomba in non-
flowing water bodies in two geographically separate areas of Australia. The effect of 2 ppm 
carfentrazone-ethyl was measured at five sites for each of the three application periods 
(spring, summer and autumn). This series of applications was to determine the importance of 
timing on the efficacy of carfentrazone-ethyl on cabomba. The seven sites used were located 
in south east Queensland and NSW north coast (sub-tropical) and NSW mid-north coast 
(temperate). The 2 ppm rate used came from a glasshouse trough trial which tested rates 
from 0.5, 1.0, 2.0 and 4.0 ppm. Field trials were conducted in late January/February (summer) 
May (autumn) and November (spring) of 2008 (see Table 1). The chemical was applied to the 
surface of the water via hand gun.  

Table 1. Trial site details for the summer, autumn and spring carfentrazone-ethyl applications 

Site name  State  Climate zone  Level of  
infestation 

Summer 
 (ppm)  

Autumn 
 (ppm) 

Spring 
 (ppm) 

Flooded Gum  QLD  subtropical  heavy  2.0 2.0 2.0 

Gumboil QLD  subtropical  very heavy  2.0 2.0 - 

Little Springs  QLD  subtropical  heavy  2.0 2.0 - 

Sippy Downs QLD subtropical light/moderate - - 2.0 

Golden Pond A  NSW  temperate  moderate  2.0 2.0 2.0 

Mayers Flat  NSW  temperate  very heavy  2.0 2.0 2.0 

Golden Pond B  NSW  temperate  moderate - - 2.0 

 

The effects of the chemical on the treated cabomba were monitored for twelve months. The 
treatment area for each dam was small (0.1 ha) within a larger dam. The assessments were 
conducted pre-treatment, 21 days post, 3, 6, 9 and 12 MAT. At each assessment five grapple 
samples were collected from each site to estimate cabomba biomass. Environmental impacts 
on aquatic and riparian vegetation were also observed at these times.  



Whole water body treatment by split application 4 weeks apart 

The aim of this next experiment was the eradication of cabomba from a water body by 
carfentrazone-ethyl. One half of a 0.8 ha dam on Dargavilles road property (west of Nabiac, 
NSW; S32o06’36” and E152o20’57”) was treated with 2 ppm carfentrazone-ethyl on the 
27/1/10. A 4 m punt and 40 HP motor was used with a front mounted 5.5 m self righting boom 
that had TeeJet StreamJet SJ3-02-VP nozzles on 27/1/10 and trailing hoses with nozzles 
(TeeJet CP4916-54) 5 cm below surface on 24/2/10 attached.  Our intention was to treat the 
other half of the dam with 2 ppm on the 24/2/2010. At this time it was clear that the herbicide 
had moved through the entire water-body and that all the cabomba had been affected by the 
initial treatment. It was decided to treat the whole dam at this time with 1 ppm carfentrazone-
ethyl. Effectively the dam received two applications of 1 ppm carfentrazone-ethyl four weeks 
apart. Assessments were conducted pre-treatment, 28 days post, 3, 6, 9 and 12 months after 
treatment. Twelve grapple samples were taken around the dam from which cabomba dry 
matter was estimated. Environmental impacts on aquatic and riparian vegetation were also 
observed at these times. 

 

RESULTS 

Part water body treatment 

The application of 2 ppm carfentrazone-ethyl reduced cabomba biomass in the treated area 
by 76% after 3 months. By 12 MAT the cabomba biomass in the autumn and spring 
treatments had returned to pre-treatment levels (Table 2).  The summer treatment had less 
than half pre-treatment biomass 12 MAT but was recovering fast. Non target effects of these 
treatments were minor. Azolla spp. and duckweed species were affected by carfentrazone-
ethyl. Both species can be ephemeral and easily replaced post treatment. The introduced 
Nymphaea spp. appear to be more susceptible to Shark than the native Nymphoides indica. 

Table 2. Changes in cabomba biomass (dry weight g) after 2 ppm carfentrazone-ethyl 
application in summer, autumn and spring.  
 Months after treatment 

Season of treatment 0 1 3 6 9 12 STD 

Summer 726 269 196 80 78 284 325.5 
Autumn 509 164 143 219 380 763 389.4 
Spring 515 254 78 314 490 439 231.0 

 

For the autumn and spring treatments the average carfentrazone-ethyl concentration in the 
treatment area dropped from 135 µg/L 1 hour after treatment to 2 µg/L 24 hours after 
treatment.  Water samples taken 20 m downstream of the treated area went from 0.75 µg/L 1 
hour after treatment to 2 µg/L of carfentrazone-ethyl 24 hours after treatment indicating a 
small amount of movement of the carfentrazone-ethyl outside the treated area. 

Whole water body treatment by split application 4 weeks apart  

The evening of the first treatment 28 mm of rain fell and another 18 mm fell the next day. 
When we returned 4 weeks later to complete the split application it was quite evident that the 



chemical had moved from one half of the dam to the rest of the dam. At this time all aquatic 
species throughout the dam were showing signs of chemical damage. At 16 WAT we 
sampled the whole dam. Only 6 of the 12 samples contained any cabomba. Only 3 of the 6 
cabomba samples had any leaves and were thought to be potentially viable. All cabomba had 
red coloured stems which were brittle.  The cattle had been grazing the Eleocharis sp. but the 
roots and lower stems seemed viable at that time. There were no Nymphoides indica leaves 
visible. By 6 MAT there were only rotting plants within the dam and this condition remained 
unchanged till the last assessment at 12 MAT (Table 3).  

Table 3. Effect of 4 week split application of carfentrazone-ethyl on cabomba dry matter (g) 

 Application date 27/01/10 22/02/10 21/05/10 6/08/10 25/10/10 14/02/11 

27/1/10 116 53 0.4 0 0 0 

24/2/10 - 105 0.2 0 0 0 

 

DISCUSSION 

Treating a small part of a large water body with 2 ppm carfentrazone-ethyl gave good initial 

efficacy but failed to produce any significant level of control over a 12 month period. Whether 

this was due to dilution of the chemical throughout the water body or because of 

encroachment of untreated cabomba is not clear. It appears that treating cabomba during 

summer and not in spring or autumn gives more sustained control.   The residue results show 

movement of small amounts of chemical out of the treated area 24 HAT. Treatment of 

cabomba with 2 ppm carfentrazone-ethyl in this manner gives little non target damage.  

In contrast, the whole of water body treatment at 2 ppm (1+1 ppm 4 weeks apart) removed all 

aquatic plants from a 0.8 ha dam. Given the significant non target damage experienced in this 

dam it would be useful to know if we could have eliminated the cabomba with a one off 

application at 1 ppm across the whole dam. Alternatively if the second application was 

required to kill the cabomba if it was delayed 3 or even 12 months after the initial treatment, 

would there be less damage to other aquatic plants?  More whole of water body treatment 

research is required for carfentrazone-ethyl against cabomba. A registration request for Shark 

aquatic herbicide containing carfentrazone-ethyl has been submitted to the APVMA for the 

control of cabomba at 2 ppm. If Shark passes the registration process it will be available for 

use on cabomba in non flowing non potable water situations only. Shark could be useful for 

the eradication of outlier sites and priority cores infestations. 

 

Reference 

FMC Corporation (2004). Stingray aquatic herbicide: Technical Guide 
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ABSTRACT  
 
The first European settlers to the Kimberley were pastoralists, droving cattle across from 
Queensland in 1883.  The comparative lateness of settlement and the area’s isolation has 
restricted the population to currently just over 40,000.  This has had a significant effect in 
delaying the introduction of weeds and their subsequent spread.  However the lack of 
people and knowledge also means weeds can remain undetected for years in some 
locations. 
 
In the past decade a number of WoNS and environmental weeds have been discovered, 
some new to the area, others well established.  Their introduction and spread has come 
about through a variety of methods ranging from fishbowls to cattle. The common 
denominator is their threat to the environment and agriculture. 
 
Salvinia was first found in Lake Kununurra in 2000, by 2009 it had been ‘eradicated’, a rare 
win.  Rubber vine has been present since 1997 but restricted to two known sites, control 
work is ongoing with eradication the intent.  Acacia nilotica is widely spread across several 
hundred hectares of tidal floodplains.  Estimates put the oldest trees at twenty years with 
floods and feral cattle slowly spreading the infestation.  Mimosa pigra was found in 2009 
and appears to be limited to one billabong; surveillance is still yet to fully determine its 
range.  Neem was introduced over two decades ago and has established monocultures on 
both the Ord and Fitzroy Rivers. 
 
Control and surveillance work is challenging when there are few to do the work, large 
areas to cover and limited access.  Partnerships between landholders, land care groups 
and State Agencies have become an effective strategy using the strengths of individual 
partners to work through the difficulties.  
 
The Kimberley is still relatively new with industries rapidly emerging, so to are the threats 
weeds impose.  With resources tight across the region the basic seek and destroy 
philosophy is the highest priority with stakeholders, particularly when eradication is still a 
real possibility.                                  

 
Summary 
 
Weed control and surveillance is challenging in a region the size of the Kimberley with a 
population centred on just six regional towns and a few small communities scattered 
across the landscape. With few to do the work, climate extremes and access being 
significant constraints partnerships have been the only real way that weed control has 
been able to move forward and the modest wins experienced to date gained. Alliances 
between industry, community and Government organisations have proven to be the best 
strategy, combining the strengths of the individual groups to reduce their individual 
weaknesses.  
 
The Kimberley is still relatively new with industries rapidly emerging, so to are the threats 
weeds impose. For weed control to be effective the basic concept of collaboration must be 
maintained across all stakeholders.    



 
Keywords: Kimberley, weeds 
 
Introduction 
 
The first European settlers to the Kimberley were pastoralists, droving cattle across from 
Queensland in 1883. The comparative lateness of settlement and the area’s isolation has 
restricted the population to currently just over 40,000. This has had a significant effect in 
delaying the introduction of weeds and their subsequent spread. However the lack of 
people and knowledge has also meant that weeds can remain undetected for years in 
some locations. New and emerging threats, particularly in the last decade are constantly 
surfacing as land managers become more attuned to weeds and their impacts on 
production and the environment. 
 
Salvinia (Salvinia molesta) 
 
Salvinia is a success story that has demonstrated to Kimberley land managers that 
success is possible despite the normal track record of so many other weed infestations. 
First found in Lake Kununurra in 2000, by 2009 it had been eradicated due to the 
persistence of a number of local groups. Local community NRM organisation Ord Land 
and Water, volunteers and the Shire of Wyndham East Kimberly together led the program 
that consisted of control strategies that included spraying, hand removal and burying a 
large area on the foreshore under land fill. Where once salvinia existed is now a small park 
bordering the stormwater drain where it was thought to have come from. 
 
Rubber vine (Cryptostegia grandiflora) 
 
Rubber vine has been present in the Kimberley since about 1997 and restricted to two 
known sites covering less than 1,000 hectares. Both sites are situated on the tributaries 
and banks of the Kimberley’s two largest river systems, the Ord and Fitzroy. Currently the 
control strategy is focussed on eradication based on the comparatively low densities and 
relative small area they encompass. The lead organisation for the program is the 
Department of Environment and Conservation with assistance from the Department of 
Agriculture and Food. The Regional Biosecurity Group has committed funds to the 
program and the land holder and volunteers have assisted with surveillance and control. 
 
Perhaps the biggest challenges for those doing the work are the terrain and climate. The 
Fitzroy River site comprises of a floodplain nine kilometres wide intersected by a labyrinth 
of interconnected channels, this means much of the work is done on foot. With working 
temperatures exceeding 40C in the latter part of the year heat exhaustion becomes a real 
threat. Control strategies have included the use of fire and various chemical controls as 
required. Indigenous Rangers have agreed to carry out surveillance up catchment of the 
core infestation as part of their own activities. They have proved to be highly efficient at 
finding outlier plants in some of the regions more remote and inhospitable areas. 
 
Prickly acacia (Acacia nilotica)  
 
Prickly acacia had been found in Western Australia in 2002 when a single plant was 
located in the East Kimberley. In 2003 a major infestation was discovered by the 
Department of Agriculture and Food on the Indigenous community of Nulla-Nulla. The 
isolated community is situated on the western side of Cambridge Gulf and has had no 
vehicular access for a number of years. Getting to the community is only possible by 



means of a 40 kilometre trip by boat from Wyndham or using an aircraft. From the date of 
the weeds estimated arrival approximately twenty years ago it has spread across 10,000 
hectares of tidal floodplains and associated creek systems that run down from the 
surrounding hillsides. The spread has been aided by wet season flooding across the plain 
and feral cattle moving the weed up into the adjoining hills. 
 
Control work commenced in 2004 using small amounts of funding pulled together from a 
number of industry and Government sources. The work was initially led by the Department 
of Agriculture and Food who utilised the Traditional Owners of the community to carry out 
the work. This limited program was quite effective in killing off many of the mature trees 
setting up a good platform for ongoing work. Funding ebbed and flowed over the next 
couple of years and as a consequence control work was continued on a very limited basis. 
Additionally the community became vacant creating the need to employ contractors to 
carry out further work. In 2010 three years of Caring for Our Country funding was secured 
by Ord Land and Water to carry on the work in partnership with the Department of 
Agriculture and Food. 
 
Initially control work was carried out by barging chemical, diesel and a vehicle across the 
gulf from the Port of Wyndham. Despite all the constraints this early work was quite 
successful. Applications of the chemical Garlon™ (fluroxypyr) were applied to the bark of 
individual trees and over a number of years much of the seeding capacity of the infestation 
was reduced. With subsequent germinations emerging once the mature tress were 
destroyed the practice of basal bark application was reviewed and dropped in favour of 
applying Graslan™ (tebuthiuron) in a granular form either to the surface of the soil within 
the drip line of the tree or buried at its base. Transport between the patches of trees was 
done by helicopter and significantly cut down on travel time. As result of adopting these 
new practices 5,000 hectares of land was covered in six visits over the months of 
November December 2010 just prior to the onset of rain that would activate the chemical.  
 
The coming year will see the control program resumed, the specific control methods will be 
based on a review of the past methods of control. In order to reduce the spread it is also 
planned to cull feral cattle situated within the control zone in 2011.    
 
Giant sensitive plant (Mimosa pigra) 
 
Giant sensitive plant was found on Ivanhoe Station in 2009 during a Parkinsonia control 
workshop held by the WoNS Prickle Bush Coordinator and the Department of Agriculture 
and Food. The find was significant as it was the first recording of the weed in Western 
Australia, its appearance whilst unwelcome was not too surprising given the proximity of 
large areas of the weed in the Northern Territory. Since its discovery the one hectare site 
has been fenced off from cattle by the land holder and all mature plants destroyed, 
subsequent germinations have been sprayed as they emerge. 
 
During 2010 a large scale survey covering 4,600 hectares was undertaken. This included 
1,600 hectares done by Ord Land and Water on ground focussing on the area immediately 
around the known site. A further 3,000 hectares was surveyed by the Department of 
Agriculture and Food by air down catchment of the site focussing on waterholes, wetlands 
and dams where the plant could likely take a foothold. To date the initial site is the only 
one where the weed has been found. With the likelihood of the weed being restricted to 
such a small location the prospect of eradication being successful is highly likely.  
 
Neem (Azadirachta indica)  



 
Neem was introduced into a number of locations across the Kimberley up to 25 years ago. 
Many of these locations were situated on water courses and as a consequence neem is 
now widespread across the region. In some locations monocultures are starting to form 
within the riparian sections of lakes and rivers. The plant was a popular addition to 
gardens in the early nineties when it was erroneously thought that it would reduce 
mosquito numbers around town and community sites. Being a rapid growing tree its shade 
qualities were also a favourable attribute. Within a decade the threat created by its rapid 
growth and associated high seed set had become apparent, nurseries stopped selling the 
trees and landholders started to think about pulling the trees out to reduce the weed threat 
to their property and beyond. 
 
Whilst some control programs have operated in the past, in particular in Kununurra where 
Ord Land and Water has controlled over 12,000 hectares funding is difficult to obtain for 
the weed due to its relative low priority at a State and Federal level. The distribution of the 
weed is a long way from levelling off.  The plant has a wide tolerance to habitat surviving 
on hillsides amongst spinifex as well as along water courses. The weed may well become 
one of the biggest environmental weeds of the Kimberley in time.          



IMPACT OF NUTGRASS ON SUGARCANE YIELD 
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ABSTRACT 
 
Nutgrass management is an important issue affecting productivity and profitability in 
sugarcane production in Australia. Recent experiments carried out by BSES Limited in 
Mackay have confirmed and highlighted the impact of nutgrass competition on the local 
sugarcane industry, in order to keep growers focused on the importance of controlling 
nutgrass in due time.  
 
This paper relates the outcome of two experiments conducted in 2009-2010 in plant cane.  
Significant yield losses were caused by nutgrass left uncontrolled in two trials on dry land 
and irrigated land. Cane and sugar yield losses were proportional to the duration of 
nutgrass competition. Cane emergence and growth were also significantly inhibited by 
nutgrass competition in the experiment on dry land but not on irrigated land.  Competition 
between nutgrass and cane for moisture more likely influenced the trial on dry land, 
whereas competition for nutrients and allelopathy could have interacted in the irrigated 
trial. 
 
Keywords: nutgrass, Cyperus rotundus, sugarcane, competition 
 
INTRODUCTION 
 
Nutgrass (Cyperus rotundus) is a perennial sedge which is widespread throughout the 
temperate, sub-tropical and tropical countries of the world and affects most cane growing 
regions of Australia. Dotted with creeping rhizomes descending to considerable depth in 
friable soils and forming tubers used as spreading organs, nutgrass is a significant weed 
problem.  
 
Many research studies have shown the capacity of nutgrass to compete with crops if left 
uncontrolled. Turner (1984) noted severe reduction in yields of plant cane caused by 
nutgrass competition on sandy soil in South Africa under rain-fed conditions. Recent 
experiments in New South Wales (Aitken, 2010) showed cane yield losses of around 30% 
in both plant and ratoon cane where nutgrass was allowed to grow without any control. 
These losses were explained by competition between cane and nutgrass for soil moisture 
and nutrients. Delaying the control of nutgrass by 8 weeks significantly reduced the sugar 
yield by 22% in another experiment in Maryborough (plant cane in dry land conditions). 
Competition for moisture was again the proposed explanation (Callow, 2010).  
In other farming systems, allelopathy was suggested as another cause of crop yield loss. 
Rice germination, growth and yield were significantly reduced by leachates from nutgrass, 
and inhibition may have been due to the presence of allelopathins (Valliappan, 1989). 
 
MATERIAL AND METHODS 
 
Two trials were implemented near Mackay in 2009 on dry and irrigated land to better 
understand the competition phenomenon (Table 1). Trial 1, the dry-land trial, was planted 
in late July and received hardly any rainfall for almost 2 months after planting (0.5 mm in 
July, 0.3 mm in August, 9.8 mm in September), dramatically delaying cane emergence. 



Nutgrass infestation was medium–high in trial 1 (779 nutgrass/m2 2 months before 
planting) and quite light in trial 2 (242 nutgrass/m2 1 month after planting). 
 
Table 1. Information on trial sites 
Trial Location Soil type Variety Irrigation Planted Harvested 

1 Racecourse 
Pleystowe 

Solodic Q183 No 27 Jul 09 2 Aug 10 
2 Podzolic Q200 Yes (Winch) 20 Sept 09 7 Sept 10 

 
The trial design was a Latin square design with four treatments (Table 2) and four 
replications. 
 
Table 2. Treatments applied in trials. 
Treatment  Description 

T0  no nutgrass competition  
T4  nutgrass controlled after 4 weeks competition 
T8  nutgrass controlled after 8 weeks competition 
T12  nutgrass controlled after 12 weeks competition 

 
For the T0 treatment, nutgrass in trial 1 was controlled in the previous fallow using 
Roundup®CT @ 3 L/ha + ammonium sulphate 425g/L @ 1.8% 3 weeks before planting the 
cane, whereas trial 2 wasn’t sprayed in fallow. Both trials were treated with pre-emergent 
herbicides just after planting (Stomp®Xtra @ 2.2L/ha + Atradex®WG @ 2 kg/ha) to control 
grasses and broadleaves without affecting the nutgrass. Hand weeding ensured the trials 
were free of other weed species during the duration of the experiment. Once the crop was 
planted, nutgrass was controlled according to the treatments using Sempra® @ 125g/ha + 
Activator® @ 0.2% (150 L/ha of water) with a back pack equipped with a constant flow 
valve and a three-nozzle boom. More than one application was necessary to ensure 
nutgrass-free plots. 
The number of emerged cane shoots was counted at the 3-leaf stage, tillering stage, at 
stooling-out (of the T0 treatment) and one month later.  
Cane height was assessed about five months after planting by measuring the height of the 
Top Visible Dewlap (HTVD).  
Yield was calculated by weighing the three middle rows of each plot using a commercial 
harvester and BSES weigh truck, and six stalks per plot were processed through the 
BSES small mill to determine the sugar content. The income calculation was based on the 
Mackay Sugar Cane Payment system. 
Data on numbers of shoots were analysed by SAS using a mixed model repeated-
measures analysis. Cane height, yield and income data were analysed by Statistix using 
an ANOVA for Latin square. Means were compared using the LSD test. 
 
RESULTS 
 
Trial 1  
 
One month after planting (1 Sept 09), twice as many cane shoots had emerged in the T0 
treatment (nutgrass controlled in fallow) compared to the other treatments (Table 3). 
Five months after planting, twice as many shoots had emerged in T0 and T4 compared to 
T12. The statistical test was significant (interaction treatment*date p = 0.0001). 
 
Table 3. Cane shoot count (shoots ha-1) in trial 1 (dry land). 
Treatment 1 Sept 09 14 Sept 09 9 Dec 09 5 Jan 10 

T0 19306 a 30000 a 99500 a 97389 a 

T4 10667 b 19444 a 68861 a 97472 a  



T8 9861 b 18306 a 36939 ab 63667 b 

T12 8472 b 18028 a 37861 b 50167 b 

Means within columns followed by the same letter are not significantly different  

Five months after planting, the cane in T0 was significantly taller than in the other 
treatments (data not shown). The cane in plots where nutgrass was controlled after 4 
weeks (T4) was also taller than the cane where nutgrass was controlled later. Cane in T4 
was 31% shorter than in T0 (T12 cane was 44% shorter). 
Plots always free of nutgrass (T0) obtained the best cane and sugar yields (Table 4). By 
comparison, 12% cane loss and 11% sugar loss occurred where nutgrass was left 
uncontrolled for 4 weeks. When nutgrass competed with cane for 8 to 12 weeks, cane and 
sugar losses reached 25 to 27%. Uncontrolled nutgrass also generated significant income 
losses (-$650 after 4 weeks competition to -$1535 after 12 weeks competition). 
 
Table 4. Cane yield, sugar yield and income in trial 1 
Treatment Cane yield (t/ha) Sugar yield (t/ha) Income ($/ha) 

T0 127.6 a 20.1 a 5797 a 

T4 112.3 b 17.9 b 5146 b 

T8 94.7 c 14.8 c 4354 c 

T12 93.6 c 15.1 c 4262 c 

Statistical test p = 0.0001 p = 0.0021 p = 0.0017 

Means within columns followed by the same letter are not significantly different  

 
Trial 2 
 
Three months after planting, a difference in nutgrass competition between treatments was 
visible in terms of number of cane shoots but was not statistically significant: shoot 
numbers were reduced by 10 to 25% in plots where nutgrass was left uncontrolled for 4 to 
12 weeks (interaction treatment*date, p = 0.38; treatment, p = 0.29).  
Four months after planting, cane stalks were 20 to 30% shorter in T4, T8 and T12 
compared to T0 due to nutgrass competition but the differences were not statistically 
significant.  
Cane yield was significantly higher when nutgrass was controlled from planting onwards 
(T0) (Table 5). Eight and 12 weeks competition with nutgrass resulted in 15 and 18% cane 
yield reduction. Sugar yield was significantly decreased by 12 to 20% when nutgrass was 
not controlled from planting and income losses of $500 in T4 and $868 in T12 were 
recorded. 
 
Table 5. Cane yield, sugar yield and income in trial 2 
Treatment Cane yield (t/ha) Sugar yield (t/ha) Income ($/ha) 

T0 89.0 a 15.0 a 4338 a 

T4 81.5 ab 13.2 b 3837 b 

T8 76.0 b 12.5 b 3631 b 

T12 72.8 b 12.0 b 3470 b 

Statistical test p = 0.0191 p = 0.0183 p = 0.0207 

 
DISCUSSION 
 
On dry land (trial 1), early nutgrass competition with cane significantly reduced cane 
emergence and development. Moisture stress, competition for nutrients and/or the 
allelopathic effect created in the plots where nutgrass wasn’t controlled rapidly were the 
possible explanations. This trial was planted in the dry season of a dry year: it is likely that 
cane emergence and development were probably impeded mainly by additional moisture 
stress due to uncontrolled nutgrass.  



Nutgrass impeded cane shoot emergence and development to a lesser extent on irrigated 
land (trial 2). In this trial, supplementary irrigation provided cane with easy access to 
moisture, nutgrass infestation was quite light, no fallow treatment was applied on T0 
treatments and a herbicide mix used to control emerging vines had a negative impact on 
nutgrass development (Starane®Advanced @ 0.78 L/ha + Amicide®625 @ 0. 8L/ha + 
Uptake® oil @ 2% was applied 20 Oct 2009). All these factors could explain why the 
impact of nutgrass competition on cane emergence wasn’t significant. As this trial wasn’t 
sprayed in the fallow, it is not possible to judge the relevance of nutgrass control in fallow 
under irrigated conditions. 
Yield and income losses due to nutgrass competition were significant in trial 1 and reached 
25 to 27%. The competition for moisture observed in the early stages of cane development 
impacted the yield. Aitken (2011) also found that uncontrolled nutgrass resulted in a 
reduction in yield up to 27% that could be even worse in drier conditions. In his study, even 
nutgrass uncontrolled for four weeks resulted in a trend for reduced yield. He estimated 
11.5 mm rain from the plough layer could be removed by nutgrass within 4 to 8 days after 
rainfall. The best option for growers to avoid nutgrass competition for moisture in the early 
cane stages seems to control nutgrass in the fallow before planting. 
Although delayed control of nutgrass did not significantly affect cane emergence and 
development in trial 2, significant losses in cane yield (up to 18%), sugar yield (up to 20%) 
and income (up to 20%) were recorded. As competition for moisture could not explain yield 
loss in this trial, the other possible impacting factors are: 

 competition for nutrients: nutgrass can take up around 23 to 47 kg N/ha and 46 to 49 kg 
K/ha that would otherwise be available to the cane crop (Aitken, 2011)  

 allelopathy as inhibitor of germination, growth and yield reduction as reported by 
Valliappan (1989) and Quayyum (2000). 

 
In both trials, significant yield losses were recorded when nutgrass competed with cane for 
4 weeks, which proves how relevant it is to control nutgrass as early as possible. Control 
in the fallow is the most convenient and cheapest option. An efficient herbicide treatment 
costs about $70 in the fallow and $200 in the crop. In all cases, it is worth applying one or 
more nutgrass herbicide treatments to limit nutgrass competition and maintain yield. 
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SUMMARY 
 
Since 1996 Weeds of Southern Queensland has been the first port-of-call for basic and 
practical weed identification and management information for land managers from all 
backgrounds. The target audience typically ranges geographically from Brisbane west to 
Charleville, north to Bundaberg and Taroom and south to the New South Wales border. 
The information is developed to be suitable for anyone who may need to identify or 
manage weeds; including rural and peri-urban landholders, local and state government, 
contractors, service providers and the oil and gas sector.  
The copyright of this useful and practical publication was held by State government 
departments until 2009 when it was taken up by the Weed Society of Queensland. In 2010 
the Weed Society of Queensland formed a working group to develop the third edition of 
Weeds of Southern Queensland. This was due to a high demand for more copies with a 
wider range of species in the environmental weeds category, moving away from 
agricultural weeds. In particular the user groups were seeking more up-to-date information 
on herbicide options and rates. Feedback implied that the publication was crucial in 
ensuring that people who may not historically be concerned with managing weeds on their 
land, particularly in peri-urban situations, were easily discouraged if the information was 
not easily available. 
This paper goes through the process of developing Weeds of Southern Queensland 3rd 
edition to ensure that there was adequate input from the sectors that use the book, 
appropriate species, and appropriate amounts of information whilst ensuring it remained 
an affordable product. It also raises the question about who or what organisations are 
currently responsible for publishing practical, scientifically based, useful weed 
management information if it is no longer considered the core business of state 
government departments.  
 
 
KEYWORDS 
 
Weeds, publication, identification, management, target audience, collaboration. 
 
 
INTRODUCTION 
 
Weeds of Southern Queensland was first published in 1996 and a second edition 
published in 2003. The need for an update was recognised by a number of sectors as 
repeat print runs of the second edition were still being requested even though some of the 
control information was out of date. It was decided that instead of printing extra copies, it 
was well worth updating the publication to meet the needs of the wide range of audiences 
looking for practical weed identification and management information throughout Southern 
Queensland. 
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Copyright for the publication had originally been held by State government departments. 
When approached to update the publication they decided to offer the copyright, which was 
taken up by the Weed Society of Queensland in 2009.  
 
This paper discusses the concept of publishing practical weed science and whose role it is 
in the current environment. Weed management is just one aspect of the broader field of 
natural resource and agricultural management that has seen State government 
departments move away from publishing extension material, despite having previously 
been champions of research, management trials and extension of the science. 
 
This paper also documents the process undertaken to produce the third edition of the 
book, some of the decisions and challenges that faced the Weed Society of Queensland 
and the final result. 
 
Why a book? 
 
In the current age of digital technology and electronic publishing, the question was asked if 
a hard copy version of the information contained in Weeds of Southern Queensland was 
still the preferred format. There were three main reasons why it was decided to continue 
with a printed version for the third edition: 

1. The information needs to be made available to people of all ages and backgrounds; 
2. It needs to be portable and lightweight enough to travel in a vehicle or backpack so 

people can identify a plant growing in the terrains where they see weeds; and 
3. It needs to be cost-effective so it can be made available to anyone who has a 

responsibility for managing weeds. 
 
Why an update? 
 
Since 2003 people involved in weed management in Southern Queensland observed 
some changes in the priority weed species being targeted for management and the 
general background and geographic location of people looking for weed management 
information. 
 
The adaptations and changes adopted in the third edition of Weeds of Southern 
Queensland aim to accommodate the following: 

 An increase in people living in the coastal and hinterland areas of Southern 
Queensland, generally in peri-urban settings, seeking weed management 
information; 

 More requests for environmental weed information than cropping weeds, due to 
cropping weed information being available in other publications and formats; and 

 A need to update the management information with respect to herbicide options 
and rates to ensure the information is current. 

 
 
THE PROCESS 
 
Publishing Weeds of Southern Queensland 3rd edition had three components; 
development & coordination of the book, sponsorship, and sales. This paper only 
discusses the development and coordination of the book. 
 
The Weed Society of Queensland Inc. executive followed the following steps to develop 
the publication: 
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1. Establishment of the working group. Members of the Weed Society of Queensland 
were invited to sit on the working group to determine the content of the publication. 
There were 10 members representing Local and State Government, Research and 
Development companies and Regional Natural Resource Management groups; 

2. Appointment of project manager for the development and coordination; Swift NRM; 
3. Establishment of timeframes for developing drafts and collating feedback, taking 

into account the voluntary nature of the working group members. The process took 
just over 12 months (April 2010 – May 2011); 

4.  Appointment of printer, Cranbrook Press; 
5. Appointment of reviewers; from inside and outside the working group; and 
6. Printing, distribution and launch. 

 
Sponsorship for the publication was secured during this period and a significant number of 
copies were pre-sold. 
 
KEY CHANGES AND DECISIONS 
 
To ensure that Weeds of Southern Queensland 3rd edition met the needs of its target 
audiences and remained scientifically accurate, the working group with Swift NRM met 
face-to-face to make decisions on the content. Due to the popularity and positive feedback 
received on the second edition, there were a number of elements that remained the same: 

 The number of species to a page; 

 The amount of text used to describe the plant for identification purposes; 

 Retaining the herbicide options and rates information; and 

 The general layout and number of pages, A4 with 64 pages, blue cover. 
 
Some of the decisions the group made to improve the publication included: 

 Reviewing all the species and developing an in/out list that took into account Weeds 
of National Significance, declared plants at state level, regional priority listings and 
species identified in the review of local government planning processes; 

 Grouping the species for identification purposes according to growth habit;  

 Reducing the emphasis on cropping weeds to accommodate different audiences; 

 Removing all reference to poisonous species or toxicity; 

 Reviewing the inclusion of native species; 

 Identifying most ‘common’ common names for the purpose of identification; 

 Extending the management section to accommodate those with less experience in 
weed management and including information on weed hygiene and prevention; 

 Listing herbicides according to active ingredient not product names; and 

 Adding web addresses to the references and further reading. 
 
 
THE OUTCOME 
 
The result is a publication containing 132 weed species with comprehensive identification 
information and photographs, grouped as woody weeds, cacti and succulents, vines, 
groundcover and herbs, grasses, and aquatics. There are nine pages of management 
information and 18 pages of herbicide options and rates, accommodating all species 
profiled.  
 
There are four major sponsors of the publication with fifteen supporter organisations that 
purchased over 2000 copies of the book in the pre-print period.  
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Of the 60000 copies of Weeds of Southern Queensland 3rd Edition printed, around 56000 
copies were pre-sold. The breakdown of sectors that purchased is contained in Table 1. 
 
Table 1. Weeds of Southern Queensland 3rd edition pre-print sales. 

Sector No of copies Percentage of total 
pre-sold 

Local government  28400 53.1% 

Government department 13550 25.3% 

Regional NRM bodies 8000 15.0% 

R&D companies 1050 2.0% 

Chemical reseller 750 1.4% 

Service provider 540 1.0% 

Conservation group 400 0.7% 

Landcare 370 0.7% 

Mining and energy 300 0.6% 

Education/library 110 0.2% 

Consultant 30 0.1% 

 
It is a little too early to have collated meaningful feedback on the content of the third 
edition; however it is intended that all organisations that purchase copies will be surveyed 
one year after publication.  
 
 
DISCUSSION 
 
The Weed Society of Queensland Inc. has identified throughout this process that there is 
an ongoing need for practical, affordable, locally relevant weed management information 
to be made available to all those with a responsibility for managing weeds. If this 
information is not readily available there is a high risk that many will be discouraged from 
attempting to control weeds. It is important to consider the following questions: 

 Is this information readily available in your region? 

 Who takes responsibility for this type of publication in your region? 
 
Some of the key strategies that ensured Weeds of Southern Queensland 3rd Edition was 
cost effective, scientifically robust and completed were: 

 Establishing the right working group, representing a range of end-user sectors and 
those with appropriate technical knowledge, to take responsibility for the content; 

 Working group member individuals and organisations volunteering their time; and  

 Appointing someone to manage timelines and ensure that tasks are completed. 
 
The Weed Society of Queensland Inc. believes the end product has been improved 
through collaboration. 
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CAN ERADICATION OF MIMOSA PIGRA AT PETER FAUST DAM BE ACHIEVED? 

Jason Williams 
 
 
 
Abstract: 
Since 2004 the Queensland Mimosa pigra Stakeholder Group has been working towards the 
eradication of the Class 1 weed Mimosa pigra at Peter Faust Dam, near Proserpine. If this aim 
were to be achieved, it would be the first time this weed has been eradicated anywhere in the world 
once the weed has become established.  In progressing toward eradication, the group has used a 
mix of community engagement, risk assessment, on-ground works and research to refine the 
operational program. 



NEW BIOSECURITY LEGISLATION FOR QUEENSLAND 
Jef Cummings 

Department of Employment, Economic Development and Innovation, GPO Box 46, 
Brisbane QLD 4001, Australia 

 

SUMMARY   

Currently, the biosecurity legislative framework in Queensland separates biosecurity 
activity by reference to specific issues, including diseases and pests affecting plants and 
animals and invasive plants and animals. Each Act was developed somewhat 
independently of each other causing inconsistency across the Acts. The new Biosecurity 
Act will replace nine existing Acts. This paper explains how noxious weed management 
will be dealt with in Queensland under generic biosecurity legislation. 

Keywords   Biosecurity, legislation, biosecurity matter, local governments 

INTRODUCTION 

One of the first imperatives for the newly formed organization, Biosecurity Queensland, 
was to develop a Queensland Biosecurity Strategy, and one of the Strategy’s high 
priorities for government attention was to introduce new legislation for biosecurity. 
Providing a cohesive body of law for biosecurity that is easily accessible to stakeholders 
and public administrators is essential for a highly responsive biosecurity system. 

There has been a recent trend in Australia to develop all-encompassing biosecurity 
legislation. Biosecurity now involves dealing with a broader range of pest and disease risks 
than in the past. Not only are the threats to agricultural production considered, but also 
those threatening broader economic interests, the environment and social amenity. 

The proposed Queensland Biosecurity Act will replace nine existing Acts as well as the 
noxious fish provisions of the Fisheries Act. The legislation to be replaced includes Acts 
and Regulations pertaining to pests and diseases of plants and animals, chemical use and 
control, and invasive plants and animals. Extensive consultation on the Biosecurity Bill will 
be undertaken with all major stakeholders. 

This paper explains how noxious weeds will be addressed in the proposed new Act 
according to current policy. However, the details are subject to change depending on the 
government’s priorities and stakeholder feedback. 

KEY CONCEPTS 

Biosecurity matter 
Any living thing, a prion or other thing that can cause disease in animals, plants or 
humans, or a disease or a contaminant.  
 
Prohibited matter 
Biosecurity matter that is not present, or not known to be present in Queensland, and is an 
identified risk that would have significant adverse effects.  
 
Restricted matter 



Biosecurity matter that is present in Queensland, and is an identified risk for which 
restrictions or conditions need to be imposed to reduce, control or contain any adverse 
effects of the biosecurity matter. 
 
Biosecurity risk 

- a risk of exposure to any adverse effect on a biosecurity consideration caused by, 
or likely to be caused by biosecurity matter, a dealing with biosecurity matter or a 
carrier of biosecurity matter or the carrying out of an activity related to biosecurity 
matter or a carrier of biosecurity matter. 

 
Biosecurity consideration  

- the economy, environment, human health, and social amenity 
 
General biosecurity obligation 
This is the obligation a person has: 

- To take reasonable and practical measures to prevent or minimise biosecurity risks 
on a biosecurity consideration  

- To prevent or minimise the impacts of dealing with the biosecurity matter or the 
carrying out of an activity 

- To minimise the likelihood of causing or limiting the consequences of any adverse 
effects on a biosecurity consideration, and of a biosecurity event 

- Not to do anything that a person knows may increase the adverse effects of 
biosecurity matter or activity on a biosecurity consideration. 

 
Carrier  
Any animal, plant or thing capable of moving biosecurity matter from one place to another. 
 
‘Deal with’ 
In relation to biosecurity matter or a carrier, includes: 
Possess; breed; propagate; grow; distribute; transport; dispose of; buy, supply or use. 
 
OFFENCES 
 
A person who discovers prohibited matter on his/her land or in his/her possession must 
give an inspector notice of its presence within 24 hours. 
- there is no offence if the matter is kept under permit or legally under other legislation. 
 
A person must not deal with prohibited matter except under permit, legislation or if the 
person has given an inspector notice of its presence. 
 
A person must not intentionally introduce prohibited matter into the environment. 
 
A person must not deal with restricted matter except under permit, legislation or if the 
person complies with: 
(i) The conditions applying to the restricted matter as listed in the schedule; or 
(ii) For restricted matter prescribed under a regulation – the conditions stated in the 
regulation; or 
(iii) Any conditions stated in a code of practice applying to the restricted matter. 
 
ROLE OF LOCAL GOVERNMENT 
 



The main function of each local government will be to ensure invasive plants and animals 
are managed on municipal and private land within the local government’s area, as is the 
requirement under the current legislation. The Minister will retain the power to direct a local 
government to perform a function or obligation that it is not performing. 
 
Biosecurity plans and joint biosecurity plans 
Local governments will be responsible for leading and coordinating the development of 
biosecurity plans (currently known as pest management plans) for the local government 
area.  
 
The local government must establish a working group to develop the draft plan. The 
working group should consist of relevant stakeholders in invasive pest management for the 
area, especially representatives of State agencies having land in the area. 
 
The local government must then make the draft plan available for public submissions by 
notifying, by newspaper, its availability at the local government’s public office. Once all 
written submissions have been considered for incorporation in the draft plan, the local 
government must forward the draft plan for the State interest check. If the draft plan meets 
the requirements of the State interest check, the local government will be advised of this 
and must then adopt the plan. The biosecurity plan has effect for no more than 5 years. 
 
The local government must, as far as practicable, implement the biosecurity plan. A joint 
biosecurity plan may apply to 2 or more local government areas. 
 
BIOSECURITY PROGRAMS 
 
Surveillance programs 
The chief executive, or a local government (by resolution), may authorise a surveillance 
program. The provisions applying to surveillance programs are similar to those applying to 
‘pest survey programs’ in the current legislation. The purposes of surveillance programs 
include: 

- Monitoring compliance with the Act; 
- Finding out the extent of biosecurity matter to which the program relates. 

 
Prevention and control programs 
The chief executive, or a local government (by resolution), may authorise a prevention and 
control program. Prevention and control programs may be implemented to respond to 
biosecurity matter that posed a significant risk to the economy, environment, social 
amenity or human health. 
 
Notice of biosecurity programs must be given at least 14 days before commencement. 
 
Appointment and powers  
 
The chief executive may appoint persons as inspectors or authorised persons. Authorised 
persons have the same powers as inspectors except for emergency powers. The CEO of a 
local government may appoint authorised persons. 
 
The general term for both inspectors and authorised persons is ‘authorised officers’. 
 
Power of entry 



An authorised officer may enter land to monitor compliance with the Act without further 
notice if notice has already been given under the requirements of a surveillance program 
or a prevention and control program. Otherwise, the issuing authority must give the 
occupier and owner of the land reasonable notice. 
 
Biosecurity orders 
 
An authorised officer may issue a biosecurity order on a person for the control of 
biosecurity matter related to a biosecurity program (eg a surveillance program). An 
authorised officer may also issue a biosecurity order where a person has failed to 
discharge the person’s general biosecurity obligation. 
 
A biosecurity order takes a similar form to that of a pest control notice under the Land 
Protection Act. If the person does not comply with the action stated in the order within the 
period specified, the issuing authority, by its employees or agents, may enter the place to 
take the steps stated in the order. The issuing authority may recover the costs and 
expenses incurred in exercising such powers. Any unpaid amount (including interest) is a 
charge on the land owned by the person. 
 
Movement control orders 
 
The chief executive may make a movement control order for managing, reducing or 
eradicating stated biosecurity matter by prohibiting or restricting its movement or that of its 
carrier. A movement control order stays in force for a maximum of 3 months. A movement 
control order could be used in the case of an outbreak of parthenium, for example, on a 
grazing property. This would have the effect of preventing the movement of stock from that 
property, unless measures were taken to decontaminate the stock (make them free of 
parthenium seed) prior to departure. 
 
Biosecurity zones 
 
A regulation may include ‘biosecurity zone regulatory provisions’ that establish the whole 
or part of the State as a biosecurity zone for stated biosecurity matter that is capable of 
having an adverse effect on a biosecurity consideration. Such provisions may be directed 
at managing, reducing or eradicating the biosecurity matter over an extended period of 
time or indefinitely. Provisions may prohibit, regulate or require measures to prevent 
introduction, establishment or spread of stated biosecurity matter, or to otherwise control 
the biosecurity matter. 
 
Codes of practice 
 
A regulation may make codes of practice about matters relating to biosecurity. A code of 
practice could be made about ways to prevent the contamination of grain or fodder with 
weed seed, or potentially, about the levels of management for a weed (or group of weeds), 
in different situations, required of a landowner. 
 
Guidelines  
 
The chief executive may make guidelines to provide guidance to persons on whom a 
biosecurity obligation is imposed. For example, a guideline may be about reasonable steps 
an owner of land may take to manage invasive plants or invasive animals on the land and 
to prevent spread to adjoining land. 
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ABSTRACT 
Next Generation (whole genome) sequencing for identifying microsatellite loci of Mimosa 
pigra has been investigated as a potential tool for determining the origins of M. pigra 
infestations in Queensland, Western Australia and the Northern Territory. Two hundred 
and fifteen polymorphic microsatellite markers were isolated from an enriched library of M. 
pigra genome DNA. Seventy-six of these microsatellite loci were used to screen 234 
individuals from Australia, Africa (Botswana, Kenya and Uganda), North, South and 
Central America (Brazil, Columbia, Costa Rica, Cuba, Ecuador, Guyana, Nicaragua, 
Venezuela and Mexico) and the Asia Pacific region (Indonesia, Malaysia, PNG, Thailand 
and Vietnam). This preliminary study demonstrated that the microsatellites described in 
this paper can provide useful markers to investigate genetic relationships. 
 
INTRODUCTION 
Mimosa pigra L. (family Mimosaceae) is a thorny, perennial, leguminous shrub up to 6 m in 
height that is native to tropical America from Mexico to Argentina. Outside its native range, 
especially in Southeast Asia and Australia, untreated infestations may double in area each 
year and form dense thickets that affect both conservation areas and agricultural land.  
 
M. pigra has been found growing in the botanical gardens of many tropical countries (Miller 
and Lonsdale 1987).  In the mid 19th century it was introduced from Mexico to the Bogor 
Botanic Gardens in Indonesia, and was reported to occur in the East Indian Botanic 
Gardens (Bentham 1875). In Australia M. pigra was thought to have been introduced prior 
to 1891 as a “curiosity plant” for the Darwin Botanic Gardens and subsequently escaped 
into nearby areas (Miller and Lonsdale 1987). Now it is found over 130,000 ha of 
floodplains in the Northern Territory, Ramsar Wetlands, and into the Northern Territory 
islands of Peron, Croker and Tiwi (Lloyd and Vinnicombe 2010). To date, the two known 
infestations of M. pigra found outside of the Northern Territory are in Queensland (at the 
Peter Faust Dam, Proserpine in 2001) and Western Australia (at old Station Billabong, 12 
km from Kununurra in 2009). Both of these infestations are targets for eradication.   
 
Anecdotal evidence suggests the infestation in Queensland originated (via seed) from the 
Northern Territory due to the activities of fisherman chasing barramundi between the 
Northern Territory and Queensland, whilst the origin of the Western Australia infestation is 
unclear.  Queensland research has found M. pigra growth rates at Proserpine are different 
to those recorded for plants growing in the Northern Territory; aligning more with growth 
rates recorded for M. pigra growing in Thailand (Vitelli et al. 2006).  One unresolved 
research question from the Queensland infestation was its origin.  Was it accidently 
introduced into Queensland from the Northern Territory or a new incursion from overseas?  



 
Isozyme analysis of M. pigra seeds in 1982 showed that populations in the Northern 
Territory were genetically uniform. This suggests a single infestation or possibly a single 
plant was the source of all M. pigra in the Northern Territory (Miller et al. 1982).  With the 
rapid development of Next Generation sequencing technologies, large amounts of 
sequencing data can now be obtained at greatly reduced prices and in less time (Hudson 
2008).  Microsatellites (tandem repeats of one to six nucleotides found at high frequency in 
the nuclear genomes of most taxa) – have become the markers of choice in population 
genetic studies using Next Generation sequencing.  Microsatellites provide a valuable tool 
for detecting population genetic structure, evaluating genetic diversity, estimating the 
relatedness of individuals and interpreting recent population history. 
 
In this study we used the 454 Genome Sequencer FLX platform to randomly sequence ~ 
100 to 9000 base pair fragments of sheared genomic DNA (i.e. shotgun library 
sequencing) from M. pigra collected from Western Australia.  The process aimed to yield 
species-specific microsatellite loci that might shed light on the possible origins of the 
Queensland infestation, the more recent Western Australia infestation and the genesis of 
the M. pigra incursion in Australia. 
 
MATERIALS AND METHODS 
Sample collection and DNA extraction 
For microsatellite development and testing, we sampled fresh leaf material or seed of M. 
pigra from 18 countries (Botswana, Kenya, Uganda, Australia, PNG, Brazil, Columbia, 
Ecuador, Guyana, Venezuela, Costa Rica, Nicaragua, Mexico, Cuba, Indonesia, Malaysia, 
Thailand and Vietnam), totaling 234 individuals.  Samples were dried in silica gel and 
genomic DNA was extracted using a commercial kit (Qiagen DNeasy Plant Mini kit). 
 
Microsatellite discovery 
Approximately 10 µg DNA extracted from M. pigra leaves from the Western Australia 
infestation was subjected to shotgun sequencing using a Roche 454 Genome Sequencer 
FLX at the Australian Genome Research Facility (AGRF), (http://www.agrf.org.au/Next-
Generation-Sequencing.html). Resulting data were screened for short tandem repeats 
flanked by sufficient sequence suitable for amplification primer design. One hundred and 
fifty five primer pair sequences were used to construct theoretical multiplexed polymerase 
chain reaction (PCRs) in order to determine appropriate fluorescent labels.   
 
DNA amplification and genotyping 
Twelve multiplexed PCRs consisting of 4 to 14 loci were conducted using extracted DNA, 
labeled primers and a commercial master-mix (QIAgen multiplex master mix, QIAgen, VIC) 
according to the manufacturer’s instructions.  
 
Population genetic analyses 
Cluster analysis was performed using Structure v2.3. The significance of the inferred 
clusters was determined through Fst (a measure of the genetic differentiation among 
populations) using GenAlEx program. 
 
Phylogenetic relationship 
Genetic distance between clusters was calculated according to Cavalli-Sforza and 
Edwards (1967) using a microsatellite analyser (MSA) (Dieringer and Schlötterer 2003).  
 
 
 

http://www.agrf.org.au/Next-Generation-Sequencing.html
http://www.agrf.org.au/Next-Generation-Sequencing.html


RESULTS 
Primary assessment of the shot-gun sequence data showed 215 short tandem repeats 
flanked by sequences suitable for priming amplification. Owing to cost consideration, 155 
microsatellites were initially selected, with the remaining data kept as “reserves”. Of these 
155, 76 were polymorphic and could be multiplexed economically into 12 reactions to 
provide meaningful genotype data. The remaining 79 loci required separate amplification 
reactions for each locus (making it uneconomical), did not amplify the repeat region 
effectively or were incapable of amplification. 
 
Results from the cluster analysis revealed that all of the M. pigra genotypes could be 
clearly differentiated and classified into six groups (Figure 1).  The highest divergence was 
observed between cluster 1 (Australia) and 2 (some Central American sites). Fst inferred 
the Australian cluster to be more similar to clusters 3 (Central America, Indonesia and 
Kenya) and 4 (Brazil, Mexico) than the others. Of the six clusters defined in the neighbour-
joining tree, four include specimens from North, Central and South America, and two of 
these clusters contained specimens from Asia. One cluster contained specimens only from 
Botswana and Uganda and another cluster contained Australian specimens only. Some 
variation between samples was observed within the Australian cluster, though not 
significant at this stage. When the entire sets of Australian samples are processed, a sub-
cluster within this population set may emerge. 

 
Figure 1.  A dendrogram depicting genetic diversity and relationship among the 76 
genotypes of Mimosa pigra as revealed by polymorphism of 76 microsatellite markers. 
 
CONCLUSION 
The results provided by the present study highlight a reliable and efficient way of obtaining 
polymorphic microsatellite markers using shotgun genome sequences of M. pigra. 
 
The Australian cluster infers that either the country of origin has not yet been included in 
our study, or that M. pigra has been present in Australia for a long period with minor 
mutation resulting in an exclusive genetic lineage. The latter supports Miller and 
Lonsdale’s (1987) findings that M. pigra was introduced into the Northern Territory in 1871. 



The level of homogeneity found within the Australian samples was high, suggesting that a 
low level of genetic diversity exists for this species within Australia. Based on the genetic 
homogeneity of populations, possibly only a single introduction of M. pigra into Australia 
has occurred.   
 
Results from the neighbour-joining tree indicated that the Australian population cluster may 
be related to the cluster containing specimens from Brazil and one region in Mexico 
(Guerrero, San Marcos). Further specimens will need to be examined before any credence 
is given to this relationship. 
 
There is no question that eradication of the only known M. pigra infestation in Queensland 
is on target. Although we are hopeful that there will never be another incursion in 
Queensland, the potential exists for another incursion in the future. Knowing the origins of 
that infestation would assist eradication efforts into the future, particularly should growth 
rates and seed longevity be found to be different between Australian accessions of this 
weed.  
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WHITSUNDAY WEED PARTNERSHIPS – THE NEW FRONT LINE FOR 
WEED MANAGEMENT 

Joshua Dyke 

 

ABSTRACT 

The rise of the ‘peri-urban environment’ over the past ten years has seen a 
transition of population from the more concentrated urban centres to the rural 
fringes. This movement has seen an increase of 1-10 acre rural lifestyle 
blocks scattered throughout the landscape.  
 
Within the Whitsunday Region, new infestations of environmental and 
declared weeds have begun establishing within the peri-urban areas and 
creating problems for both the environmental and agricultural practices. These 
problems can be attributed to the peri-urban population having limited 
knowledge of weed identification and management skills. 
 
Due to the growing weed issue in peri-urban areas, Whitsunday Regional 
Council identified a need for a co-ordinated and holistic approach to improve 
weed management in the Whitsunday peri-urban region. Thus, in partnership 
with Whitsunday Catchment Landcare, the Whitsunday Weed Partnership 
Program was founded.  
 
This partnership aims to both educate and reinforce the responsibility of weed 
management back onto the landholder. The Program offers simple hands-on-
training and advice on all facets of weed management.  
 
Several issues have arisen including the reluctance of landholders to maintain 
the initial control areas, time restrictions in property inspections and extreme 
weather events. 
 
Keywords: Peri-urban, Assistance Programs, Weed Management 

INTRODUCTION 

Whitsunday Regional Council (WRC) comprises of the amalgamated 
Whitsunday and Bowen Shire Council local government areas and has an 
area of nearly 24,000square kilometres. Over the past decade, Whitsunday 
Regional Council has noticed the emergence of numerous 1 -10 hectare 
properties forming the Peri-urban landscape. Choy and Harding (2010) have 
categorised the peri-urban landscape as: 
 

The seekers: including ‘tree/sea change’ life stylers, 
‘blockies/homesteaders’, religious communities and alternative 
life stylers 

 
The survivors: including DIY home-builders, the horse community, 
‘truckies’, and ‘adaptive’ farmers 

 



The speculators: including farm stays and retreats, the pet 
industry, boutique farmers, recreational providers, landscape 
suppliers, the equine industry, and developers and real estate 
agents 

 
The strugglers: characterised by the ‘holding-on’ farmers. 

 
The peri-urban properties have a diverse range of land uses, including a 
mixture of livestock and horticultural endeavours. 

THE PERI-URBAN LANDHOLDER 

The peri-urban landholder is usually identified as one who has limited 
knowledge in both weed identification and management. Issues including 
weed control equipment and herbicides being very expensive has resulted in 
either poor weed management practices or none at all.  
 
WRC identified the need for a program which improved the peri-urban 
landholder’s knowledge and equipping them with basic practical skills in weed 
management. In cooperation with Whitsunday Catchment Landcare, the 
Whitsunday Weed Partnership Program was established. 

WHITSUNDAY WEED PARTNERSHIPS 

The Whitsunday Weed Partnership (WWP) is an extension based program 
which equips landholders with the basic skills in identifying and controlling 
declared and environmental weeds. The aim is that by equiping the peri-urban 
landholder with the essential weed management skills they will be able to 
continue weed management activities on their property in the future. 
 
The WWP remains as a support tool for future problems which the landholder 
may have. The program also loans out weed management tools which may 
be required by the landholder in the future for weed management.  

THE PROCESS 

The WWP Program begins by an interested landholder submitting an 
Expression of Interest (EOI) Form into the WRC Office. A WRC Officer will 
then conduct a Site Inspection of the property and identify: 

 Declared and Environmental Weed Species Present 

 Infestation  

 Accessibility 

 Appropriate Control Options 
After identifying these issues, a site specific three year Property Pest 
Management Plan (PPMP) will then be created for that property. The plan 
identifies the basic control practices required to undertake weed control 
practices on the property in the future. A WRC approved Property Pest 
Management Plan is mandatory before landholders receive access to any 
council assistance programs.  
 
The Programs Project Officer will then work alongside the landholder, 
ensuring that he/she understands the important aspects of weed 
management, including: 



 Chemical selection importance 

 Mixing and preparing the chemicals correctly 

 Personal Protective Equipment 

 Correct Spraying Techniques 

 Monitoring and Follow Up Control Activities 

 Understanding the Requirements of the Management Plan 
A range of control options are undertaken during the on-site training, to 
ensure that the landholder has the required skills and knowledge to undertake 
control in the future no matter what the situation (drought, financial etc).  
 
The Pest Management Officer visually inspects the property each year to 
ensure that the weed management activities identified in the plan are being 
undertaken.  

WHITSUNDAY WEED PARTNERSHIP EVOLUTION 

Over the first 2 years, it has been identified that landholders began to expect 
the WWP Project Officer to visit their property each year to undertake weed 
control work. This resulted in a reduced emphasis on the landholder owning 
the weed problem. 
 
Recently the WWP has attempted reducing this dependency by landholders, 
by emphasising the requirement for them to continue follow up work. This 
approach has seen the Program move away from a ‘weed spraying program’ 
to a one which is more focused on ‘landholder education’. 
 
Over the past 4 years the program has seen an increase of 106.25% of small 
landholders involved in the WWP Program, as represented in Graph 1 
 
It has been expected that these totals would have been much higher in the 
last 3 years; however, due to extreme weather events (record breaking rains, 
3 cyclones etc), access and control activities have been significantly 
hampered and reduced.  



 

 

 

 

 

 

 

 

THE ISSUES 

An issue which has been identified by WRC is the landholder’s lack of 
motivation to continue control work on the targeted declared and 
environmental weeds. Many treated weeds are not declared or declared as a 
Class 3 weed under the Land Protection (Pest and Stock Route Management) 
Act 2002; making it difficult for compliance.  
 
A solution to this problem which is currently being implemented is targeting 
‘suburbs’ over singular properties for weed control. By doing so, added 
pressure is placed upon the landholders by their neighbours to undertake 
control work.  
 
As explained above, recent extreme weather events in the Whitsunday 
Region has hindered the WWP program. Due to high rainfall and poor 
weather conditions, control on several properties have been restricted and 
delayed due to access and poor spraying conditions.  

FURTHER EXTENSION 

Greater public extension programs are run in conjunction with the WWP 
Program. It is hoped that in the future the majority of peri-urban landholders 
will possess the skills required to carry out long term and effective weed 
management practices. These skills will hopefully spread throughout the 
community, resulting in suburbs having access to the basic skills for weed 
management. This will reduce the burden of declared and environmental 
weeds on the landscape. 

CONCLUSION 

The future for the Whitsunday Weed Partnership Program seems bright as 
primarily an education tool for landholders. The use of such a program is a 
positive method in engaging and educating landholders to continue and adopt 
best practice weed management activities. By improving the knowledge in 
communities, it will hopefully result in suburbs having access to the required 
skills to undertake weed management. 
 

Small Landholders Involved in the Whitsunday Weed 

Partnership
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Figure 1: An increasing trend of small landholder involvement over 

the past 3 years. 



The use of such a program is also useful in targeting strategic weeds located 
within the Region. With an extra pair of hands and eyes it increases both 
efficiency and effectiveness of control works on declared and environmental 
weeds. 
 
Despite the issues which have arisen throughout the program, the benefits far 
outweigh the issues. With over a 60% landholder’s follow up to weed control 
work and the majority of landholders rehabilitating the once degraded sites, 
the weed issues in the region are improving.  
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NEW WEEDS AND LOST WEEDS - AN ANALYSIS OF HERBARIUM RECORDS AS A MEANS 

OF MEASURING THE RATE OF NATURALISATION AND EXTINCTION OF WEEDS IN 
QUEENSLAND 
Kathy Stephens 

 
 
 
Abstract 
Queensland Herbarium has a database of label information for all its 780,000 specimens 
(Herbrecs). Any changes to plant names or status of these records are made monthly, and records 
of these changes have been kept. The changes to the database for Queensland specimens have 
been examined for a 10-year period from 2000-2010. Over that time, the weed status classification 
has evolved from a three category system of “native”, “cultivated” or “naturalised” in 2000, to a more 
complex system which now includes “doubtfully naturalised” and “formerly naturalised” status. In 
some cases plants that were initially classified as naturalised or doubtfully naturalised, on closer 
examination of their history, became regarded as native. Plants which were naturalised or 
doubtfully naturalised can change status to formerly naturalised. This indicates they have not been 
collected for 50 years or more (assumed extinct in Queensland). The rate of naturalisation and 
extinction of weeds over the 10-year period is examined. 
 



MANAGING WEEDS IN NATURAL AREAS 
 

“PREVENTION:  WHAT IS IT, HOW IS IT IMPLEMENTED, AND WHAT ARE THE 
UNKNOWN FACTORS.” 

 
What is Prevention? 

 
Natalie Dearden 

 
Prevention is the implementation of methods and actions to prevent the occurrence of, or 
the reoccurrence of an incident or event. 
 
Implementing Pest Prevention 
 
Successful “Pest Prevention” requires a whole of community collaborative approach. 
There has never been a time as now to adopt a more practical approach to pest 
prevention. In the last decade practical measures have been implemented by particular 
industries to address specific pest targets and although we currently have limited data to 
quantify the effectiveness of these measures research is being undertaken to assess 
some of these activities, such as cleandown protocols and associated infrastructure such 
as washdown facilities. 
 
Pest Prevention should start with an effective pest management plan but it is a reality that 
when pest management plans are developed there appears to be a single minded focus 
on target species and little to no consideration given to other environmental pests that 
could potentially be present.   
 
In grazing areas the targets are weeds and animal health issues such as ticks, in 
agricultural areas the targets are pathogens such as Fusariun wilt, invertebrate pests such 
as Nematodes and vertebrate pests.  However in many areas graziers grow crops and 
agriculturalists grow cows and as we are no longer mono culturalists it is imperative that 
prevention plans address all potential pest issues that could have an impact on on-ground 
activities. Failure to consider all pest issues would indicate that the pest management plan 
is incomplete.   
 
When implementing pest management and prevention activities it is also necessary to 
consider the potential impacts of the types of physical activities to be undertaken and 
treatment methods proposed.  It is also imperative to ensure that all relevant legislative 
requirements and industry specific „Codes of Practice‟ are met. 
 
The Unknown factors  
 
Whilst suggesting this approach, the unknown factor that impacts on the ability to develop 
inclusive management plans is the lack of accurate data available as to what 
environmental issues are present, the location and the actual extent of pest incursions.  
Mapping information is available for some pest weed incursions and some pest animals 
such as vertebrates, but little to none on pathogens, invertebrates, plant diseases, and soil 
pest animals, soil transferable human and animal health issues such as Meliodiosis, a 
gram negative bacterium found in soil and water, located in North Queensland and 
recently located in the Yeppoon area.   
 
 



Pest issues such as Pathogens, soil pest animals and plant disease unlike weeds do not 
offer a window of opportunity for treatment and most often can not be identified because of 
lack of knowledge, or can not be seen by the naked eye.  It is unfortunate that pest issues 
such as these have not had the same level of public education and awareness exposure 
as that of some weeds and vertebrate pests. 
 
The “information with repercussion” practice that some Local Governments have adopted 
has resulted in a lack of adequate accurate data being made available and has impacted 
on the accuracy of actual locations of incursions being included in mapping data.  Under 
these circumstances it is unreasonable to expect third party activities undertaken in 
unfamiliar locations to develop and implement effective prevention activities, and this being 
the case third parties should not be held accountable for incursions where information is 
neither forthcoming nor accurate.   
 
Education, Awareness and Research 
 
Communities and Industry need to be engaged to assist in collecting and providing the 
relevant information required to compile more accurate mapping data, in order to 
adequately manage pest issues the issues need to be known. 
 
Consideration also needs to given to the types of preventative activities and treatment 
methods being recommended.  Further research of activities needs to be conducted to 
determine the potential risks to users and the environment.  It would be negligent not to 
consider the interaction between herbicides and pesticides and the impact these could 
have on good soil bacterium, bio-logical control and ground water.   
 
Recent activities reported through the media about the Liquefied Natural Gas Industry 
(LNG) have drawn attention to the presence of carcinogens associated with their activities.  
It should be noted that all on-ground activities have a risk factor whether it be mining, 
primary industry activities, property development, road maintenance or tourism. 
 
Washdown Facilities – The Unknown Factors 
 
Over the last decade, washdown has become the preferred method of physical prevention 
for vehicles and machinery; however washdown facilities have many unknowns that need 
to be considered.  It should be noted that there are threats with activities such as 
washdown and that such activities could have the potential of exacerbating unknown 
underlying environmental issues e.g. Pathogens which has water as a main vector. 
 
It should be noted that most washdown facilities tend to lack the appropriate equipment to 
perform effective cleandown.  High pressure water systems tends to displace material 
rather than flushing as does volume systems, and it is rather difficult to remove plant and 
soil materials from the interiors of vehicles and machinery when the cleaning equipment 
available at most facilities provides water but not vacuum.  Previous roadside audits and 
current research has determined that a large portion of reproductive materials found on 
vehicles has come from the interior.   
 
Consideration needs also to be given to workplace health safety laws pertaining to the use 
of high pressure water and compressed air applications, these types of equipment can 
cause serious human health impacts and can also cause damage to vehicles and 
machinery. 
 



Additional to equipment issues is the absence at most facilities of entry and exit signage, it 
should be a commonsense application, to have a dirty entry and a clean exit thus reducing 
the risk of recontamination.   
 
Further risks associated with washdown sites are that we do not know what elements are 
contained within the water or the sediment within the ponded facilities. These facilities 
contain a melting pot of many unknown elements such as fuels, chemicals, animal by-
products, soil contaminants and weed seeds to name a few.   
 
We do not know what the interaction between these constituents is and with this in mind 
we should consider whether the treatment methods applied to water and sediment 
management for these sites are effective or have we created a larger environmental or 
potential human health issue.  It is perhaps presumptuous to propose water recycling and 
treatment applications without first doing the research to ensure that all contaminants are 
identified so that the most appropriate treatment method may be applied.   
 
Current research is being undertaken on washdown facilities by PHD students at the 
University of Queensland Brisbane campus under the direction of Dr Steve Adkins.  The 
basis of this research is to determine the amount of viable Parthenium weed seed 
contained in the sediment of these systems, this information can be used to determine the 
most effective management of Parthenium weed in sediment.  Unfortunately there is 
insufficient funding available to undertake similar research in regards to other potential 
contaminants, but it is necessary if we are to make informed recommendations regarding 
effective management tools and applications. 
 
In recent years funding has been allocated through initiatives such as “Caring for the 
Country” for the development of washdown facilities, but there is a necessity to undertake 
research so as to determine the most strategic location to construct facilities where they 
will provide maximum preventative benefits.  It is also necessary to consider other factors 
such as the availability of resources and on-going maintenance costs.  Washdown is just 
one method of cleandown and consideration should be given to other methods.   
 
Vacuum is one method which has merit in that it contains the material removed reducing 
the potential risks of site contamination, reduces human exposure, can be more easily 
treated, cost effective,  address work place health safety and keeps material dry as 
sometimes it‟s only when some contaminants are wet that reaction and interaction occurs. 
 
Activity Standards and Monitoring 
 
With many industries participating in cleandown as a preferred preventative application, 
there is an urgency to develop a minimum standard and to monitor and audit this process 
to ensure effectiveness and consistency.  Each year the list of pest incursions increases 
and we need to look seriously at effective management.  We have crop monitors, cattle 
monitors and quarantine officers, so why can we not look at managing prevention in a 
similar manner?   
 
There is also a necessity to evaluate the effectiveness of quarantine applications.  There 
should be consideration given to researching the feasibility of a „point of origin inspection 
process‟ and not only a „point of destination‟ process.  With the increase in new incursions 
it would appear that the standards applied to the inspection process and the training that 
applies to officers needs to be reviewed. 
 



Education and Training  
 
There is also a lack of input from government and industry in the development and 
monitoring of training qualifications pertaining to prevention.  It is essential to ensure 
consistency and accuracy of the information being delivered and that trainers and 
facilitators have the appropriate skills and qualifications.   
 
In recent years it appears that in some environmental disciplines training can be delivered 
for specific activities by trainers that have had no on-ground experience or industry 
participation, which results in underpinning knowledge not being addressed, this then 
compromises the whole process.   
 
It should be noted that a number of individuals have participated in Cleandown training 
over the past decade but this training is delivered as Two (2) modules from Certificate 2 
level of the Conservation and Land Management package.  This training is totally 
inadequate to provide the skills required to undertake Third Party Inspections as has been 
happening.  It would be naïve for any participant to expect that in the few hours that the 
course is conducted in, that they would glean the appropriate practical and theoretical 
knowledge required.  These modules only provide the information participants require to 
better manage their own vehicles and machinery.   
 
It should be noted that no-where within the course material is there any suggestion that 
these two modules offer a Third Party Inspection qualification. 
 
What needs to be done?  
 
With increased on-ground activities and development occurring within many of the core 
pest infestation areas and major flooding this year, it would seem that the sensible 
approach would be to conduct an extensive on-ground audit to determine what the current 
pest issues are and the incursion zones.   
 
A collaborative all encompassing preventative approach from industry, community and 
whole of government needs to be developed if we are to have any impact on the ever 
growing list of pest issues.  We need to be mindful that all pest issues impact on whole of 
community, they are not limited to environmental impact but also affect the economic and 
social diversity. 
 
 
 
 
 



 
SUCCESSFUL CONTROL OF MADEIRA VINE IN NATURAL VEGETATION IN SOUTHEAST 

QUEENSLAND 
 

Dr Rachel McFadyen 
 
 
 

Abstract 
Over a four-year period, with minimal effort, several small and medium-sized infestations of 
Madeira vine have been controlled in roadside vegetation bordering onto natural biodiversity 
conservation land. Large plants clambering over trees were killed using Vigilant gel applied to both 
upper and lower cut ends of the vines. This technique is particularly easy in steep or difficult terrain. 
Fluroxypyr in water was used as an overall foliar spray for small plants and regrowth, applied with a 
small pump-up sprayer with a trigger control, which allowed the spray to be applied only to the 
Madeira vine leaves.  Used in this way, fluroxypyr kills Madeira vine very effectively, translocating 
down into the underground tubers and preventing the formation of aerial tubers from the leaves.  It 
does not kill grasses, and is not picked up by the roots of other plants, so the only non-target 
damage is to broad-leaf plants covered over by the Madeira vine.  
 
At all sites the native vegetation is thriving. Infestations of 1000 m2 with vines covering several 
large trees have been completely controlled in three years, with 2 or 3 visits each year, and the 
native vegetation is now fully recovered and free from Madeira vine. In contrast, use of glyphosate 
kills top-growth but does not damage the tubers, underground or aerial, resulting in a massive 
regrowth problem.  Glyphosate also kills all other vegetation, leaving bare ground with no 
competition for Madeira vine regrowth plants. 



 
DECIDING WHERE AND WHEN AND WHAT TO MANAGE: A COLLABORATION BETWEEN 

CSIRO AND THE QMDC 
Rieks Van Klinken 

 
 
Abstract 
An important step in managing weeds at all scales from property, to regional to national, is 
prioritising where and how much effort should be expended in either managing existing infestations 
or heading off new or potential infestations. Ideally resources should go where both the potential 
weed threat and return for investment is greatest, although it is tempting to focus on areas where 
the problem is most obvious, or where stakeholders are most active or vocal. Such resourcing 
decisions are typically made intuitively by individuals, or by panels of experts. 
 
We report on a collaborative project between CSIRO and the Queensland Murray Darling Basin 
Committee to develop an objective approach to better predict the potential distribution and impact 
of some of their worst invaders, and to use results for prioritising resourcing decisions. Expert 
workshops involving landholders, agency staff and researchers were conducted to develop models 
to predict potential weed distribution within the region of concern (habitat suitability), to identify the 
most at risk areas to invasion based on where the weed is already (habitat susceptibility), and to 
quantify the likely impacts to various sectors (e.g. agriculture, the environment and human health). 
Follow-up workshops were then conducted to ensure that model predictions captured expert 
opinion correctly, and to discuss what the results mean in terms of prioritising on-ground 
management.  
 
We present outcomes of the work for four weeds, parkinsonia, lippia, parthenium and Chilean 
needle grass. Models helped identify where to focus extension efforts to help detect new incursions, 
to prioritise the management of existing infestations, and to assess the feasibility and design of 
containment and eradication programs. An important outcome of the collaboration is that, through 
personal engagement, the key stakeholders have ownership of the results and resulting resourcing 
decisions. Furthermore, the approach fosters a close relationship between researchers, policy and 
on-ground "operators", with real benefits for managing our worst invaders.   
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ABSTRACT 
Natural Resource Managers are responsible for the development and implementation of a 
diverse range of projects related to reducing threats posed by undesirable species 
occurring within natural systems. Historically measuring the success (or otherwise) of 
these projects has been problematic. Over the last decade the range of tools available to 
natural resource managers to monitor, evaluate and review projects have increased 
substantially and it is timely to consider whether these tools are being utilised to their 
fullest potential. Additionally the systematic and purposeful dissemination of the findings of 
the monitoring, evaluation and review programs to relevant stakeholders; in particular 
those formulating legislation, policy and strategies that will guide future investment in 
control projects needs to be reviewed. This paper provides a critical review of the 
monitoring, evaluation and reporting tools currently available to natural resource managers 
and highlights proposed improvements in their overall usage to enhance the effective 
allocation of resources for future projects. Monitoring tools reviewed include data input 
collection systems such as; field data forms, GIS, photo monitoring, expert panels and 
electronic databases. Evaluation and review tools examined include the use of data output 
systems such as; formal reports, GIS, case studies and oral presentations.  
 
Keywords: natural resource management, monitoring, evaluation, weeds, planning, GIS 
 
 
INTRODUCTION 
 
Monitoring and evaluation (M&E) of weed control projects are central to assessing their 
success (or otherwise) against the desired objectives or outcomes (Lovett et al. 2002, 
IUCN 2004, McNaught et al. 2008, Grice 2004, Reid et al. 2009, NLWRA 2008, DECWW 
2010, Commonwealth of Australia 2011 and SoE 2011) and to establish „…whether the 
investment was worthwhile, whether more funds should be invested, and what further 
improvements could be made in the future‟ (Regional NRM Qld 2011). Given the 
requirement to undertake M&E in weed control projects the allocation of adequate 
resources to collect, collate and disseminate data would appear to be a fundamental 
component of the planning stage of any project. If M&E is not adequately resourced and 
implemented (at all levels) then a weed control project cannot claim to have fulfilled its 
objectives. All parties involved in weed management projects need to examine whether, 
M&E resourcing, M&E tools, the expertise of those using the tools (creating the reports 
and recommendations) and the timing and form of the information disseminated to relevant 
stakeholders are adequate and being used to improve future project outcomes. 
 
 
TOOLS 
 
At the Sixth Australian Weeds Conference, nearly thirty years ago, delegates were 
enthusiastically imagining the potential benefits of computers and electronic databases to 
better manage significant agricultural weeds (Medd 1981). Delegates saw a future where 
new tools would be used to capture and analyse data allowing policy, planning and action 
to be influenced by accurate, factual and relevant data (e.g. weed distribution) and actions 



(i.e. control efforts at that time). Our current M&E toolbox is substantially larger and in 
many areas much more sophisticated than what they might have had available in 1981 
(Table 1) but has this expansion of the toolbox facilitated their visions of highly advanced 
and effective M&E in weed control? 
 
Information Technologies (IT) such as Geographic Information Systems (GIS), the growing 
popularity and access to personal computers and Global Positioning System devices have 
facilitated a substantial increase in the collection and analysis of weed distribution and 
abundance data. Electronic capabilities are now so advanced that anyone with a 
Smartphone can collect and disseminate information about any weed almost 
instantaneously.  The IT systems that deliver these GIS capabilities have also increased 
the availability of other electronic M&E tools such as; digital databases, electronic 
spreadsheets, digital photography and remote sensing capabilities (Table 1). The 
functionality of these tools has been enhanced with the ability to share information quickly 
and accurately via high speed telecommunications and the internet. With the correct M&E 
systems and processes in place information can be made readily available to stakeholders 
and decision makers almost as soon as it is created.  
 
 
Table1. Review of M&E tools currently available outlining their advantages and 
disadvantages whilst giving some examples of their most common form used in weed 
control projects 
 
Monitoring Tools Description Advantages Disadvantages Example/s 

Field data forms Paper based or 
basic electronic 
forms used for the 
collection of 
information in the 
field 
 

Cheap and easy to produce, 
easy to use in the field, standard 
data captured, low training 
requirements 

Limits data to be captured, 
data needs to be manually 
transferred into different 
format for analysis 

Printed hard copy or 
electronic documents or 
spreadsheets with no 
calculations or formulas 

Geographic 
Information 
System (GIS) 

GIS is a system that 
captures, stores, 
analyses, manages 
and presents data 
with reference to 
geographic location 
data 

Fast, accurate, precise,  
powerful analysis ability, easily 
shared, user friendly, web based 
with minimum IT footprint, 
standardised data capture, 
mobile with GPS devices, visual, 
compatible with other IT systems 
(databases, spreadsheets, 
websites, financials),many 
applications available, can be 
tailored to suit requirements 
 

Costly and complex to 
setup and maintain, relies 
on IT infrastructure, many 
systems commercially 
available, many 
preferences that can affect 
data integrity and 
disputes, different scales 
of training requirements 

MapInfo, ESRI ArcView, 
AutoCAD, OziExplorer, 
Google Earth, 
Nearmap, Microsoft 
Bing, PestInfo, ParkInfo, 
PestCentral 

Photo monitoring Visual 
representation of a 
site and/or activity 
over time 

Cheap, easy to do, quick, 
visually pleasing, high impact, 
tells a story, low training 
requirements 

User defined, image 
quality, bias, subjective, 
qualitative, data file 
management and storage, 
lacks analysis rigour 
 

Digital or film cameras 
can be used 

Expert panels A group of subject 
matter experts who 
can use their local 
knowledge to 
provide advice and 
guidance 

Fast, accurate, can be tailored to 
suit requirements, low cost, 
powerful analysis possible 

User defined, subjective, 
qualitative, bias, political 

Pest Management 
Working Groups, Pest 
Advisory Forums, NRM 
boards, tailored 
scientific and/or local 
subject knowledge 
expert panels 
 



Monitoring Tools Description Advantages Disadvantages Example/s 

Electronic 
databases 

System intended to 
organise, store, and 
retrieve large 
amounts of data 
easily 

Cheap and easy to produce, 
fast, accurate, precise, user 
friendly, can be tailored to suit 
requirements, low cost to 
maintain, powerful analysis 
possible, compatible with other 
IT systems (GIS), small IT 
footprint, low/ medium training 
requirements, easily shared, 
standardised data capture 
possible 

Sometimes costly and 
complex to setup and 
maintain, relies on IT 
infrastructure, many 
systems commercially 
available, many 
preferences that can affect 
data integrity and 
disputes, data file 
management and storage, 
different scales of training 
requirements 
 

Microsoft Excel, 
Microsoft Access, 
Oracle DBMS, Linux, 
OpenSource and many 
others 

Evaluation Tools Description Advantages Disadvantages Example/s 

Formal reports Information being 
created for the 
consideration of 
interested parties 

Powerful analysis and evaluation 
possible, quantitative and 
qualitative, tailored for the 
audience, low/ medium cost,  

User defined, subjective, 
bias, political, complex, 
sometimes labour intensive 

Grant funding 
milestone report, 
Council report, 
Ministerial, project 
final report and 
evaluation, 
Consultant report 
 

Geographic 
Information 
System (GIS) 

 
As above 

Case studies An in-depth 
investigation of a 
single individual, 
group or event 

Tells a story, evoke emotions, 
quick, illustrates a common theme, 
supports a message, real life 
example instead of theory,  

User defined, subjective, 
bias, political, singular 
example not always useful 
for objective decision 
making  
 

Usually embedded 
into a report or used 
in an oral 
presentation 

Oral presentations Speaking to a group 
of people in a 
structured deliberate 
manner intended to 
inform and/or 
influence  

Tells a story, evoke emotions, 
quick, illustrates a common theme, 
supports a message, fun or 
serious, two-way communication 

User defined, subjective, 
bias, political, not always 
useful for objective decision 
making, emotive 

Conferences and 
symposiums, peer 
presentations, client 
or stakeholder 
presentations, 
videos, media 
statements 
 

 
 
RESOURCES 
 
We conducted a survey that illustrated many natural resource managers often lack the 
time, money, tools and skills to carry out sufficient M&E of their weed control projects 
(Warner 2011). These results and similar surveys (King and Downey 2008, Reid et al. 
2009, Downey and Hughes 2010) indicate that natural resource managers frequently do 
not have enough resources and skills to take full advantage of the M&E tools described 
previously. This barrier needs to be rectified through the adequate allocation of resources 
at the planning stage to ensure each project has the appropriate tools and trained personal 
available to ensure proper M&E can occur. The necessity for M&E to support any weed 
control project is undisputed (DECCW 2010, NRMMC 2002) yet many projects are not 
being subject to the analysis that might normally be expected, especially when public 
funds are being utilised. We suggest that the range and functionality of M&E tools currently 
available to natural resource managers are sufficient. Therefore the allocation of funds to 
weed control projects without the sufficient resources to undertake proper M&E should be 
reconsidered.  
 
 
DISSEMENATION OF INFORMATION 
 
The systematic and purposeful dissemination of M&E information to the relevant 
stakeholders is a critical (and logical) step in the NRM planning process. Local, regional, 
state and commonwealth agencies all use M&E frameworks that are generally intended to 



create an information exchange between those organisations who undertake NRM 
activities and those allocating resources to future projects so that timely and accurate 
information can be used in the NRM planning and reporting processes (NLWRA 2008, 
DECWW 2010, Commonwealth of Australia 2011 and SoE 2011). All these frameworks 
currently indicated the need for an improvement in the collection, collation and 
dissemination of NRM information through „the development and maintenance of accurate, 
cost-effective and timely data and information on the nation‟s natural resources‟ (NLWRA 
2008, p. 1). Legislative, mandatory or contractual obligations can be insufficient to 
encourage natural resource managers to undertake M&E of their weed control projects. 
These barriers to effective M&E are well known and highlighted by NRM planners and high 
level decision makers however not enough work is being done to address these issues at 
the local level (Downey and Hughes 2010).  
 
So how can the barriers be overcome? In a recent survey (Warner 2011) participants 
indicated they might not undertake M&E as they were uncertain if the information they 
were collecting had any use in the planning and evaluation process. This raises serious 
concerns about the type of information natural resource managers are being asked to 
collect and flags an urgent need for additional input from those developing potential 
projects to set the parameters to better measure project success.  
 
Other respondents had a generic low level of confidence in the M&E process in its entirety. 
This reinforces the need for meaningful dialogue between NRM practitioners and planners. 
Overall the dissemination of M&E information poses various challenges to natural resource 
managers. Again in the planning and resource allocation phase of projects the critical 
questions of (i) what information is needed and in what format? (ii) who will be using the 
information and how? and (iii) what checks and balances are in place to ensure the 
information presented is able to be used to inform decision making? 
 
 
DISCUSSION 
 
In our opinion a “cycle of confusion” related to M&E and its role in whole of life project 
management has evolved. The non-standardised methods used to obtain monitoring data, 
the non-standardised evaluation of data and a disjointed dissemination of this information 
to stakeholders and decision makers is actually enhancing confusion at the highest levels 
of decision-making over what really needs to be monitored and evaluated. We believe the 
current M&E methodologies cannot be efficiently and effectively informing the outcomes of 
allocated public funds.  This conclusion is not new, Reid et al. (2009, p. 39) state; „Whilst 
there are a wide range of approaches that are suitable for monitoring the response of 
weed and native plant species to control programs, no standardised monitoring protocols 
have yet been agreed upon. The National Land and Water Audit produced a general 
protocol for monitoring, but did not outline any of the specific actions necessary to actually 
undertake a monitoring program.‟  
 
In our critical review, the abundance and functionality of M&E tools are clearly not the 
principle impediment to undertaking effective M&E. Therefore if the M&E tools are readily 
available and functional what are the other barriers to M&E and how might they be 
rectified?  
 
Firstly, the M&E requirements needs to clearly align with the overall objectives of every 
weed control project (Downey and Hughes 2010). This means that all M&E activities 
should be determined at the conception phase of the weed control project so that sufficient 



time, resources and training can be allocated to these activities. Therefore we suggest all 
future weed control projects must adopt the Program Logic planning process because „it 
sets out a clear statement of anticipated outcomes, the assumptions underlying those 
outcomes and how success will be measured‟ (Commonwealth of Australia 2009).  
 
Secondly, the most effective M&E tools for weed control need to be standardised so that 
meaningful data can be collected, collated, analysed and disseminated at all levels.  This 
important research and implementation must be resourced by those agencies who are set 
to receive the most benefit from this information so that the natural resource managers at 
the local level have a clearly defined process for the efficient and effective collection and 
dissemination of M&E information. 
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ABSTRACT  
Tropical soda apple (Solanum viarum) is a very invasive weed from South America that 
has the potential to spread throughout the coastal regions of NSW and Queensland. It was 
first detected in Australia in August 2010, in the Kempsey area on the Mid North Coast of 
NSW. Smaller infestations have subsequently been found in surrounding areas and in 
northern NSW. In late 2010 tropical soda apple was spotted in the Brisbane Valley in 
south-eastern Queensland and since then an infestation has also been recorded in the 
Warwick district. Most infestations in Australia have so far been detected in cattle yards or 
on grazing land. This species has also become naturalised in many other parts of the 
world and is regarded as a very serious weed in the south-eastern parts of the USA. It was 
first recorded in Florida in 1987, but by 1995 had infested half a million hectares. By 2007 
it had spread to nine other states in south-eastern USA. This very aggressive species 
invades pastures, natural vegetation, roadsides, and crops. It is unpalatable to livestock, 
thus reducing the carrying capacity of invaded pastures. It also reduces biodiversity in 
natural areas by replacing native plants and preventing their regeneration. Tropical soda 
apple can also reduce crop yields and is a host for many diseases and pests of cultivated 
crops. 
 
Keywords: tropical soda apple, Solanum viarum, emerging weed, invasive species. 
 
 
INTRODUCTION  
Tropical soda apple (Solanum viarum) is native to the tropical and subtropical regions of 
South America (i.e. Brazil, Argentina, Paraguay and Uruguay). However, it has become 
naturalised in many other parts of the world including Central America, the Caribbean, 
Asia and Africa. It is regarded as a particularly serious weed in the south-eastern parts of 
the USA, where it is known as "the plant from hell" (Ensbey et al. 2011). 
 
This very aggressive species was recorded for the first time in Australia in 2010. It has the 
potential to spread throughout the coastal regions of New South Wales and Queensland, 
and possibly also into many parts of northern Australia. The purpose of this paper is to 
outline the threat posed by tropical soda apple in Queensland, based on its history as a 
weed elsewhere, and overview potential control methods. 
 
 
WHAT IS TROPICAL SODA APPLE? 
 
Tropical soda apple is a member of the Solanaceae plant family and is closely related to 
other weeds present in Australia including giant devil’s fig (Solanum chrysotrichum), devil’s 
fig (Solanum torvum) and apple of Sodom (Solanum linnaeanum). 
 
The following description of tropical soda apple was derived from Langeland and Burks 
(1998), Weber (2003), Byrd et al. (2004), Zhang et al. (2004), Bryson and Byrd (2007) and 
Scher and Walters (2010). Tropical soda apple is an upright shrub usually growing 0.5-1 m 
tall, but occasionally reaching up to 2 m in height. Its stems are covered with numerous 



small prickles (1-8 mm long) and are also finely hairy. Both surfaces of the leaves are 
armed with much larger prickles (3-25 mm long), which are restricted to the leaf veins. 
These leaves (6-20 cm long) are borne on thick stalks (3-7 cm long) and their margins are 
wavy with several rounded lobes. Both leaf surfaces are also densely hairy. The small 
star-shaped flowers (1.5-2 cm across) are produced in small clusters below the newer 
leaves, with 1-6 flowers in each cluster. They are borne on stalks 3-6 mm long and have 
five white or greenish-white petals (about 10 mm long and 2.5 mm wide) that are usually 
reflexed. The flowers also have five white stamens that are held erect and topped with 
slender anthers 6-7 mm long. The rounded fruit (2-3 cm across) are mottled light and dark 
green when immature, but turn yellow when ripe. They each contain 180-420 small brown 
seeds 2.1-2.8 mm across and 0.5-0.8 mm thick. 
 
 
HISTORY AS A WEED OVERSEAS  
Tropical soda apple has spread from its native range in South America to many other 
geographical regions of the world. It has become naturalised in Central America (i.e. 
Mexico and Honduras), the Caribbean, North America (i.e. USA), Asia (e.g. India, Nepal 
and China), Africa (e.g. Swaziland) and now Australia. While it is present in these regions, 
it is only regarded as a very serious weed in the USA.  
 
This species was first recorded in the USA in Florida in 1987, where its rate of spread was 
extremely dramatic (Mullahey et al. 1993). In 1993, a survey of beef cattle operations in 
south Florida determined the total area of pastureland infested to be 157,145 ha, twice the 
infestation present in 1992 (Cuda et al. 2002). By 1995 it had infested half a million 
hectares and by 2007 it had spread to nine other states in south-eastern USA. It is 
currently listed as a Federal Noxious Weed in the USA and as a Category 1 invasive 
species by the Florida Exotic Pest Plant Council (Cuda et al. 2002). 
 
 
DISTRIBUTION IN AUSTRALIA 
 
Tropical soda apple was first recorded in Australia in the Kempsey area on the Mid North 
Coast of NSW in August 2010, however it is thought to have been present there for some 
time (Ensbey et al. 2011). Smaller infestations have subsequently been found in 
surrounding areas, including at Wingham. Only weeks afterwards, in October 2010, it was 
detected at the Grafton Sale Yards and at a property in the Clarence Valley in northern 
NSW. 
 
In late November 2010, tropical soda apple was spotted in cattle holding yards in the 
Brisbane Valley in south-eastern Queensland (Navie 2010). It has since been recorded 
from cattle yards in the Warwick district (Csurhes pers. comm. 2011). 
 
 
POTENTIAL IMPACTS 
 
In its native range, tropical soda apple grows in grasslands, thickets, and disturbed places. 
In other parts of the world it has invaded open to semi-shaded habitats, including pastures, 
open forests, riparian zones, roadsides, and crops (Navie 2010).  
 
Tropical soda apple reproduces via seed and can also regenerate from its root system. 
The seeds are spread by cattle, birds and other animals that eat the fruit. They may also 
be dispersed by water or in contaminated produce, equipment, soil, etc. Most infestations 



in Australia have so far been detected in cattle yards or on grazing land, so cattle would 
seem to be a primary dispersal agent here (Ensbey et al. 2011, Navie 2010). 
 
This species reduces biodiversity in natural areas by replacing native plants and disrupts 
normal ecological processes. It is also unpalatable to livestock, thus reducing the carrying 
capacity of invaded pastures. Dense infestations of this very prickly plant can also restrict 
the movement of native animals, livestock and humans. It can also reduce crop yields and 
also serves as a reservoir for various diseases and insect pests of solanaceous crop 
plants (Mullahey and Cornell 1994, Cuda et al. 2002). 
 
The climate and land uses present in Florida are very similar to those in eastern 
Queensland. This ecological compatibility, combined with the rapid establishment and 
spread of tropical soda apple in this country, suggest that it may cause the same impacts 
in subtropical Australia as it has in the south-eastern USA if it is not managed effectively. 
 
 
CONTROL 
  
As with all weed management practices, good hygiene is important to prevent the 
introduction of this species to new regions, and to limit its spread where it is already 
present. Vehicles should be washed down after being in infested areas and livestock that 
may have come from infested areas should be kept in holding pens for several days. 
Livestock should also be prevented from grazing in or moving through infested areas. Due 
to the fact that tropical soda apple is mainly associated with cattle production activities at 
present, land managers should regularly check cattle camps and yards, as these are the 
most likely locations for new infestations. Once initial control options have been 
implemented, follow-up is essential in order to kill any re-growth or new seedlings that may 
emerge from the soil seed bank. 
 
Individual plants can be manually removed with the aid of suitable tools, but care must be 
taken to remove all the root material, as plants may regrow from root fragments. Due to 
the prickly nature of the plant, sturdy gloves and suitable protective clothing should be 
worn when handling this species. 
 
Triclopyr, aminopyralid, 2,4-D, and picloram or combinations of these chemicals have 
been recommended for control of tropical soda apple in the USA (Mullahey et al. 1993, 
Mislevy et al. 1997, Ferrell et al. 2006). The herbicide fluroxypyr (e.g. Starane®) has been 
recommended for control in Australia and is temporarily allowed in NSW under APVMA 
Permit 9907, which expires on the 31 March 2012 (Ensbey et al. 2011). In Queensland, 
fluroxypyr and some other herbicides can be used to control environmental weeds, such 
as tropical soda apple, in non-crop areas via APVMA Permit 11463 (Navie 2010). 
 
A biological control program was initiated against tropical soda apple in the USA in the 
1990s and several insects that were thought to have potential as agents were host-tested, 
including three species of leaf-feeding beetles (Medal et al. 2000, Cuda et al. 2002). 
Several agents have been released in the USA in the last ten years, and some have had a 
measurable impact on tropical soda apple (Medal et al. 2009). A commercial bioherbicide, 
named Solvinix, has also been developed in the US that has a naturally occurring plant 
virus (i.e. the mild green mosaic tobamovirus -TMGMV) as the active ingredient 
(Charudattan 2005, Charudattan and Hiebert 2007). 
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The Capricorn and Central Highland regions of central Queensland is home to some of the 
most productive land in Australia, with 80% of the land utilised for agricultural practices.  
Sitting astride the largest draining river system on the east coast of Australia, the land and 
natural assets are under increasing pressure from the imminent threat of weeds, in 
particular weeds of national significance (WoNS). The WoNS species, prioritised on their 
impacts, invasiveness, socio-economic and environmental values and their potential for 
spread, are rapidly transported along the extensive waterways and tributaries of the 
Fitzroy River.   
 
While WoNS were determined at a national scale, a method of determining how to 
manage these weeds at a regional level was necessary to ensure efficient and cost 
effective control. To achieve prioritisation at a regional scale, the Fitzroy Basin Association 
commissioned the Capricorn Pest Management Group (CPMG) to develop the Fitzroy 
Basin Weed Management Strategy (FBWMS).   
 
As a result nine sub-regional projects were chosen as priority areas for control under the 
Caring for our Country Program. The projects included management of WONS, capacity 
building and education and awareness activities to strengthen landholders ability to deal 
with weed issues and impacts in the long term.  The collaborative projects were 
undertaken though partnerships with the CPMG, CHNRMG, landholders and Local 
Governments with funding leveraged from all parties.    
 
This paper will discuss the process, management and the success stories of two (2) of the 
sub-regional projects which demonstrate that weed control can be achieved when you 
focus on the basics.   
 
 
INTRODUCTION 
  
WONS species were identified as key management priorities for the CQ region as they 
provided the greatest level of return on investment regarding control and management 
initiatives. Armed with this knowledge the implementation of the FBWMS commenced in 
2008 with funding from the Caring for our Country.  Control was undertaken in headwater 
sections of rivers and in selected watercourses in Central Queensland.  The WONS 
species targeted in this project included Hymenachne, Parkinsonia, Prickly Acacia and 
Rubber Vine.   
 
The project aimed to reduce the impact of these invasive plant species utilizing a tried and 
tested methodology used by the CPMG through: 

 Education and awareness raising activities;  

 Negotiation of Property Pest Management Plan (PPMP) Agreements;  

 Strategic on-ground works targeting WONS species; and   

 Monitoring and evaluation activities. 
 



 
 

 

 
METHODOLOGY 

  
The majority of the projects followed the simplistic process requiring the development of a 
PPMP, weed management (integration of a variety of control methods), monitoring and 
evaluation of the effectiveness of this control, and awareness raising and educational 
activities.  
 
The PPMP agreements were negotiated with each Landholder as a prerequisite to 
receiving funding for control on their land. Through the development of the PPMP 
landholders gained knowledge of best management practice (BMP) of WONS. The project 
was designed to provide flexibility for landholders to choose their preferred method of 
control/s while considering BMP recommendations in the relevant WONS management 
manuals. Landholders were required to contribute 50% of the project costs.  Additionally, 
the PPMP, while not legally binding, ensured that landholders accept responsibility for any 
associated follow up costs for control post project completion. This process ensured the 
landholders preserved ownership of the management and were more likely to maintain 
control after the initial project work was completed.   
 
Monitoring sites were established on selected properties with data collection occurring 
every 6 months. For some projects, monitoring activity was increased due to increased 
activity or as a result of control being undertaken more frequently. Alternatively in some 
areas monitoring was delayed due sites being inaccessible due to high rainfall events. 
However this was not an issue as there was no control during these high rainfall periods.  
 
Community workshops were held in regions where a large numbers of landholders were 
required to be engaged.  These workshops provided an opportunity to garner community 
commitment for implementing the relevant project and were an effective tool in creating 
awareness of the communal benefits accruing from weed control. The workshops also 
provided the opportunity for collective BMP advice on the target WONS species.   
 
For all projects appropriately licensed contractors and landholders completed the on-
ground spraying programs and used chemical or mechanical methods approved under 
Queensland Government regulations.   

 
 

RESULTS  
 
The project focussed on control of WONS species in selected watercourses of the Fitzroy 
Basin.  Project activities included: 

 Education and awareness raising activities;  

 The negotiation of PPMP agreements with each landholder; 

 On-ground management of WONS within each sub-project area covering an area of 
approx. 9160 ha.  

 Monitoring and evaluation of the results of the project activity. 
 
The key outputs were:  

 Improved Landholder awareness of the benefits of active weed control and 
management accruing to the property and the catchment; 



 
 

 

 Improved landholder knowledge of best management practices to effect control and 
management of WONS;  

 A significant addition to the current number of operational PPMP agreements in the 
region demonstrating landholders commitment to WONS control; 

 Eradication and amelioration of the effects of targeted WONS in the sub-project 
areas; 

 Ongoing monitoring and evaluation of the sub-project sites. 
 
The development of PPMP agreements was recognised as an important component of 
overall management, project ownership and ensuring longevity of the projects past the life 
of the project term.  The assistance and information provided, together with planning and 
management advice was appreciated and adopted by the landholders. The project was 
evaluated by the number of PPMP’s negotiated for each sub-project. Accordingly, 
attendance numbers at community meetings and workshops was an indication of the 
number of landholders exposed to best management practice information for WoNS.   
 
Monitoring and evaluation of each project was vital to inform all stakeholders within the 
project area, the catchment, and beyond, of: 

 The results achieved. 

 Effective activities (best management practice). 

 What activities didn’t work, and the lessons learnt to improve practice in the future. 

 The extent of any remaining infestations. 

 Other weed intelligence gathered from the monitoring process.  
 
The project used a tried and tested methodology which meant minimal deviation from the 
initial project schedule.  However the adoption of an adaptive management framework 
resulted in minor variations as each stage progressed.  
 
In the Baralaba Anabranch funding contributed to the cost of chemical and landholders 
supplied the labour for the control of Hymenachne. Additional funding was contributed by 
Sunwater for the purchase of chemical, which enabled an aerial application of chemical 
that was applied to an inaccessible area along the Anabranch.   
 
The Baralaba Landholders were extremely committed group determined to beat the 
Hymenachne which had caused the deterioration of the water to an extent that animals 
would not drink water drawn from it.  
 
Initially the landholders were recalcitrant and showed a reluctance to adopt or implement 
BMP recommendations suggested to them. One such recommendation was the use of fire 
to manage the Hymenachne infestation. While burning is a recognised as a BMP to control 
hymenachne, it is labour intensive and required greater in-kind contribution from the 
landholders who were required to complete earthworks for fire breaks and submit permits 
for approval.  
 
Landholders were required to contribute an additional 100 hours to ensure that the burning 
trials went smoothly.  However, encouraged by the success of the results of the first burn 
and the significant reduction in the Hymenachne biomass, they affected a second burn 
targeting areas where the initial burn had not reached. Burning had the added benefit of 
reducing the quantity of chemical required to be applied thereby reducing the overall costs 
for control. Banana Shire Council and Central Highlands Regional Council also provided 



 
 

 

support to the project through a $40,000 labour contribution though the CPMG’s Resource 
Sharing Day initiative. 
 
In the long and severe drought years preceding the recent wet seasons many landholders 
were more concerned with solely keeping their stock alive. Control of WONS species did 
not rank highly as a management priority and went relatively undetected on their radar.  In 
the Calliope River catchment control of Rubber Vine is strategic to prevent the southward 
spread of the weed. Many landholders situated along the river were convinced that they 
‘didn’t have a lot’.  Closer inspection along the river proved different and a private 
contractor was engaged to undertake cut stump control rubber vine along the Calliope 
River and it tributaries. Landholders were impressed by the display of dying rubber vine 
plants along the creeks and encouraged by the results of the control work being 
undertaken that they contributed extra staff and labour to assist even though this was not a 
requirement. They have also factored in a number of management days as part of their 
overall property plan to keep the rubber vine at bay.     
 
While the charter of the CPMG is to support and coordinate pest management in CQ, 
dealing with community dynamics can at times be an obstacle preventing the 
implementation of projects. Furthermore it is often difficult to effect attitudinal change 
within a short timeframe of the project period. However the methodology used for the 
implementation of this project lends itself to building change in landholders’ attitudes 
towards WONS management. The success achieved by these projects demonstrates that 
by focussing on the basic principles of weed management, the war on weed can definitely 
be WONS. 
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ABSTRACT 
 
Grader grass (Themeda quadrivalvis) is an exotic invasive annual grass that is increasing 
its distribution in northern Australia. It can dominate ecosystems, thereby decreasing 
grazing animal production, degrading conservation areas and increasing the fire hazard. 
 
Spray topping is a management technique for annual weeds that uses sub-lethal doses of 
herbicides to reduce viable seed production and subsequent seedling recruitment. 
Glyphosate and paraquat were applied at 0, 90, 180, 360 and 720 g a.i./ha and 0, 63, 125, 
250 and 500 g a.i./ha respectively to grader grass at five stages of seed maturity.  
 
Glyphosate (180 g a.i./ha) and paraquat (125 g a.i./ha) applied at the inflorescence 
emergence and anthesis development stages reduced viable seed production to very low 
levels compared to untreated grader grass plants. This indicates that low application rates 
of glyphosate and paraquat have potential to control grader grass whilst minimising off 
target damage and disturbance, which is critical for grader grass management.  
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INTRODUCTION 
 

Grader grass (Themeda quadrivalvis), an exotic annual grass, is now a major weed in 
central and northern coastal Queensland (Smith 2002). It is also present across northern 
Australia and in a few locations in New South Wales. The most southern herbarium record 
is from near Sydney (Vogler and Owen 2008). It invades both improved and native 
pastures in the wet/dry tropics, particularly overgrazed pastures or those disturbed by 
other factors such as fire (Bishop 1981; Sillar 1969). Grader grass is unpalatable and can 
form near monocultures, reducing animal production and biodiversity value and increasing 
fire intensity and hazard (Vogler and Owen 2008).  
 
As an annual plant, grader grass relies on seed production to maintain plant populations. 
Preventing seed production in one year can greatly reduce grader grass populations in the 
following year (Bishop 1981). Spray-topping has been widely used in southern grazing 
systems as an annual weed management tool (Campbell and Nicol 1991, Steadman et al. 
2006). Applying sub lethal rates of non selective herbicides prior to and during the seed 
production phase of annual weeds may reduce current seed production and seedling 
recruitment in following years. Desirable species can then become more dominant within 
the pasture system (Shuma et al. 1995; Steadman et al. 2006).  
 



This paper reports on the effects of rate and timing of application of glyphosate and 
paraquat on grader grass seed production and viability.  
 

 

MATERIALS AND METHODS 
 
Experimental design and plant growth 
 
A pot experiment was conducted at the Tropical Weeds Research Centre, Charters 
Towers in 2008. The experiment used a completely randomized design with nine herbicide 
treatments and four replicates for each of five grader grass seed maturity stages (Table 1) 
giving a total of 180 pots (36 pots for each seed maturity stage). The herbicide treatments 
were four rates each of Roundup® (360 g/L glyphosate) and Gramoxone® (250 g/L 
paraquat) (Table 1) and a control.  
 
Table 1.  Herbicide application rates and seed maturity at application. 
Herbicide and application rate (g a.i./ha) Seed maturity stage and date 

Glyphosate Paraquat Maturity stage Date 

  Inflorescence emergence March 20 
90  63  Anthesis March 28 
180  125  Early milk April 8 
360  250  Late milk to early dough April 14 
720  500  Late dough to hard seed April 21 

 
Experimental units comprised three grader grass plants grown from seed (planted 
21/01/2008) in 20 cm diameter pots filled with a sandy loam soil. Pots were exposed to full 
sunlight and watered by drip irrigation to maintain soil at near field capacity. To ensure 
plants received adequate nutrition, 4 g of Yates Thrive® all purpose granular fertiliser was 
applied to each pot soon after emergence and Yates Thrive® all purpose soluble fertilizer  
(100 mL of a 0.2% w/v water based solution) was applied to each pot five and seven 
weeks after seedling emergence. Plants were treated when they reached the required 
maturity stage (Table 1). 
 
Herbicide application and seed harvest  
 

Herbicides were applied using two XR Teejet® 110 03 VP fan nozzles at a spray volume 
of 200 L/ha. The nozzles were 50 cm apart and attached to a computer-controlled 
overhead gantry spray unit. All plants were placed beneath the gantry in the area between 
each nozzle to ensure uniform coverage. 
 
When mature seed was identified in the inflorescences of treated plants, three 
inflorescences were randomly selected in each pot and individually covered with stockings 
until all seed was mature. The complete inflorescence was then harvested. The filled 
seeds from each inflorescence were counted prior to germination and viability testing. 
Seeds were regarded as filled if they were firm when gently squeezed with tweezers.  
 
Seed germination and viability testing 
 

Fifty filled seeds were randomly selected from each treatment/maturity stage replicate for 
germination testing. All filled seeds were used if there were 50 or fewer. Seeds were 
placed in covered 90 mm Petri dishes on filter paper moistened with a 1% w/v solution of 
Bayer CropScience Bayleton® (50 g/kg triadimefon) fungicide in distilled water. The Petri 
dishes were then placed in a germination cabinet set at a 20/30˚C 12 hour temperature 



alternation with light during the high temperature period. Germination counts were done 
every second day for 20 days, with seed considered to have germinated when the radicle 
(root) was as long as the seed. Distilled water was added as needed to keep the seed 
moist. Once germination had ceased, the remaining ungerminated seeds were viability 
tested using tetrazolium chloride staining (Moore 1985). The number of viable seeds is the 
sum of those germinated and those assessed as viable by tetrazolium staining. Analysis of 
variance and least significant differences were calculated using GENSTAT 11 (VSN 
International) to determine significant treatment differences.  
 
 

RESULTS 
 

Both herbicides significantly reduced germinable and viable seed production at all seed 
maturity stages at one or more of the applied rates. Herbicide applications at inflorescence 
appearance and anthesis were the most effective treatments, with glyphosate and 
paraquat generally producing similar reductions in germinable and viable seed numbers. In 
the later maturity stages, both herbicides were more effective at higher rates and paraquat 
usually equalled or out-performed glyphosate (Tables 2 and 3).  
 
Table 2.  Mean viable seed produced by grader grass sprayed with paraquat or 
glyphosate at five seed maturity stages. Values within columns with the same letter are not 
significantly different (P<0.05). 
Herbicide (g a.i./ha) Viable seed  

  
Inflorescence 
appearance Anthesis Early milk 

Late milk/ early 
dough  

Late dough/ 
hard seed 

Control 381 a 391 a 395 a 460 a 524 a 

Paraquat (63)  166 b 23 c 202 bc 278 bc 343 ab 

Glyphosate (90)  13 c 179 b 292 ab 460 a 512 a 

Paraquat (125)  48 c 3 c 112 bc 414 ab 400 ab 

Glyphosate (180)  1 c 17 c 231 abc 316 abc 512 a 

Paraquat (250)  45 c 29 c 124 bc 180 c 367 ab 

Glyphosate (360)  0 c 1 c 184 bc 212 c 419 ab 

Paraquat (500)  42 c 2 c 61 c 207 c 277 b 

Glyphosate (720)  0 c 2 c 128 bc 146 c 225 b 

 
Table 3.  Mean germinable seed produced by grader grass sprayed with paraquat or 
glyphosate at five seed maturity stages. Values within columns with the same letter are not 
significantly different (P<0.05). 
Herbicide (g a.i./ha) Germinable seed 

  
Inflorescence 
appearance Anthesis Early milk 

Late milk/ early 
dough  

Late dough/ 
hard seed 

Control 337 a 302 a 328 a 351 a 442 a 

Paraquat (63)  136 b 9 c 40 c 164 bc 213 cd 

Glyphosate (90)  8 c 144 b 225 ab 342 a 398 ab 

Paraquat (125)  29 c 0 c 9 c 198 b 260 bcd 

Glyphosate (180)  0 c 9 c 154 bc 235 ab 454 a 

Paraquat (250)  22 c 6 c 7 c  44 cd 186 d 

Glyphosate (360)  0 c 1 c 137 bc 163 bc 360 abc 

Paraquat (500)  24 c 2 c 0 c 16 d 103 d 

Glyphosate (720)  0 c 2 c 58 c 42 cd 135 d 

 
 



DISCUSSION 
 
When using spray topping techniques to manage annual weeds, it is important to minimize 
damage to non target species whilst also minimizing viable seed production (Shuma et al. 
1995, Steadman et al. 2006). This can be achieved by applying low rates of herbicide at 
the most effective time to reduce viable and germinable weed seed production. Application 
rates of paraquat and glyphosate at 125 g a.i./ha and 180 g a.i./ha respectively produced 
large reductions in germinable and viable seed numbers in the early stages of seed 
development. These rates should minimise damage to non-target species and maintain 
plant competition. This is particularly the case with perennial plants as they have energy 
reserves to survive and regrow. However, even low rates of glyphosate applied to actively 
growing perennial plants can cause severe damage (Campbell and Nicol 1991) and this 
should be considered prior to herbicide application. Applying low rates of herbicide, 
particularly paraquat, to an annual plant like grader grass will rapidly desiccate the plant. 
However, the plant may re-shoot and produce some seed if moisture is available following 
herbicide application (Steadman et al. 2006). Follow-up applications will need to be 
considered in any grader grass control program if viable seed production is to be reduced 
to very low levels.  
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