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Introduction
Invasive native scrub (INS) is the term applied in New South Wales to native woody plants, identified as invasive native 
species, that have either ‘regenerated thickly following disturbance or encroached on vegetation communities where they 
previously didn’t occur’ (Central West and Western Catchment Management Authorities, 2010)1. The term ‘woody weeds’ has 
also been applied to a sub-set of six of these species which were previously listed for treatment under the Western Lands Act. 

The cause of this encroachment has been the subject of some debate. Observations of woody vegetation thickening have 
been made in rangelands globally over the last century at least. Some observers have sought to explain this phenomenon 
by appeal to a global mechanism, namely the increase in atmospheric carbon dioxide concentration since the industrial 
revolution. Species with the photosynthetic pathway characteristic of many woody plants could be expected to respond 
positively to such increases. However, Archer et al. (1995) have argued that this historic positive association does not involve 
cause and effect.

It is more likely that the encroachment results primarily from the complex interactions of fire, grazing and seasonal conditions 
which also operate globally though with local variations. In western NSW, and throughout large tracts of inland Australia, 
explorers and early settlers found a landscape that often presented an open, parklike appearance, with a grassy layer 
underlying a sparse tree canopy. References to the land having the appearance of a ‘gentleman’s park’ are common among 
extracts from explorers’ journals and settlers’ letters from the early period of European settlement (Gammage 2012). Patches 
of denser scrub also existed but it seems reasonable to accept that Aboriginal burning practices, and the lack of heavy 
grazing pressure, did result in extensive open, grassy areas. 

Observations of shrub encroachment commenced only two or three decades after European settlement in western NSW.  
With the introduction of domestic livestock, the balance of natural processes producing the pre-European landscape was 
disrupted and alternative ecological states were able to emerge. Seedlings of woody species are susceptible to competition 
from established perennial grasses, particularly in the first summer after establishment, as well as to fire. In overgrazed 
grassland, both these mechanisms are either weakened or removed and so the control on encroachment is no longer 
effective (unless herbivores such as rabbits are present to destroy woody seedlings). In these circumstances INS can be seen 
as a symptom of overgrazing. However, if the summer following shrub germination is wet, seedlings are able to survive 
despite the presence of perennial grasses and if not subsequently destroyed by fire will soon overtop the grass layer and 
reduce forage production. In these circumstances INS can be seen as a cause of land degradation. Failure to appreciate the 
complexity of these interactions among grazing, fire and seasonal conditions has often led to misunderstandings between 
landholders and scientists about the nature of ‘the woody weed problem’.

Since encroachment of INS is basically dependent on the fate of germinating seedlings it is not surprising that woody 
vegetation thickening has been observed to occur in waves associated with sequences of high rainfall years. This is true 
historically, and waves of shrub establishment can still be observed under these circumstances (e.g. the wet summer of  
2010-11). Further detail of the historical pattern of INS development in NSW can be found in CW&W CMA (2010), pp 9-11.

Not all landscapes in western NSW are equally susceptible to INS encroachment. The ‘hard red’ earths of the Cobar pediplain 
and the ‘soft red’ earths of the northwest are particularly susceptible while the solonised soils of the rosewood-belah country 
and the stony downs of the far west are less so.

1 This publication, Managing invasive native scrub to rehabilitate native pastures and open woodlands. A Best Management 
Practice Guide for the Central West and Western Catchments represents the most complete compilation of recent research 
currently available. It will be referred to frequently throughout the text as CW&W CMA (2010).
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Twenty eight species, shown below, are listed in the Land Management  
(Native Vegetation) Code 2018 as invasive native species in the Western Local Land Services region. 
Further information on most of these species, and identifying photographs, can be found in CW&W CMA 
(2010), pp 34-58.

The most obvious impact of INS is on the amount of forage available for livestock and for this reason INS has remained an issue 
of high priority for landholders in the region. The reduction in forage availability, and hence carrying capacity, results from both 
the impact of INS on the production of grass and herbage, and the fact that many woody weeds are themselves unpalatable to 
the livestock traditionally run in the region. The interference of dense INS with mustering, and stock management operations 
generally, is an additional significant concern. 

Reduction in ground cover under INS, due directly to reduced grass and herbage growth but probably also to a greater 
susceptibility to grazing of grass and herbage under competitive stress, is commonly thought to result in sealed soil surfaces and 
increased run-off and erosion, compounding the direct effect of competition on forage production. Field observations would 
support this view in many areas but some studies in the Western Division have also shown that soil surface condition does not 
necessarily decline with increasing INS cover, and that it can be considerably better around woody shrubs than between shrub 
patches (Ayres et al. 2001, p 8). 

Areas encroached by INS are not the ‘biological deserts’ of popular imagination. Some species of flora and fauna are favoured 
by open areas, and others by encroached areas, but few species increase or decrease in abundance simply in response to 
woody cover alone. Nevertheless, the continued existence of viable populations of all species across their geographic ranges, a 
fundamental objective of biodiversity conservation, requires a complex mosaic of vegetation types (Ayres et al. 2001, p 7) so that 
attempts to maintain or restore such mosaics should have benefits for both biodiversity and pastoral production. 

Much practical and scientific experience in the Western Division indicates that any permanent reduction in the adverse 
effects of INS will require long term management rather than a one-off intervention. Continuing management of 
the processes that determine the grass-shrub balance is essential if the benefits of an original investment are to be 
retained.

Belah Lignum

Bimble box/popular box Mimosa (Vachellia farnesiana)

Black box Mulga

Black Cypress Narrow-leaf hopbush

Black roly poly Pepper-leaf Senna

Broad-leaf hopbush Punty bush

Budda/false sandalwood Red box

Coolibah River cooba/black wattle

Emu bush Silver cassia

Eurah Silver turkey bush

Galvanised burr Turpentine

Green turkey bush White cypress

Harlequin fuchsia bush Wilga

Ironwood Yarran
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The need for action
In susceptible landscapes, encroachment by INS will frequently result in reduced forage production on what are potentially 
the most productive parts of the property. The impact on overall productivity may thus be disproportionately large. 

In addition, where INS encroachment affects parts of the property that are essential for its practical operation, such as 
holding paddocks or laneways, ongoing control is necessary even though these areas do not contribute directly to pastoral 
production.

Where INS encroachment has reached the point where the country is difficult to traverse and forage production is minimal 
the case for action is obvious. However, management to restrain INS encroachment is justified long before this point is 
reached.

Figure 1 shows the relationship between shrub and tree cover and potential forage yield. This graph was developed by Dr 
I.F. Beale of the Queensland Department of Primary Industries, Charleville, for mulga country in south west Queensland but 
similar relationships have been demonstrated for other vegetation types in Queensland, where the effect of tree/ shrub 
cover on grass production has been studied more extensively than elsewhere in Australia. Negative relationships between 
grass abundance and tree and shrub cover have also been found in the Western Division (e.g. Tunstall et al. 1981, Daly and 
Hodgkinson 1996) although the latter found that the relationship varied between landforms and that on ‘soft red’ country 
maximum grass basal cover occurred in the presence of some tree and shrub cover. 
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The graph indicates that as INS cover increases from zero yield of forage is initially not 
much affected but once past a relatively low threshold forage production drops rapidly and reaches 
a very low level well before INS cover reaches its maximum. Hodgkinson and Daly (1996) considered that 
pastoralism would become less ‘efficient’ once the canopy cover of woody vegetation exceeded five per cent. There 
is no suggestion in any scientific study that forage yield can be maintained over a wide range of woody cover levels, 
before finally falling. Rather, the reverse is the case – forage yield falls rapidly and becomes relatively insensitive to woody 
vegetation cover only when it has already been reduced to a low level. Fig. 1 may thus be taken as a general description of 
the effect of INS on forage production from the ground layer of the vegetation.

For practical management this means that early intervention is essential to preserve pastoral productivity. By the time an 
obvious problem exists forage production may already have been seriously reduced.

Fig 1. Relationship between tree/shrub cover and forage yield for south-west Queensland mulga country (from Campbell and 
Hacker, 2000, provided by I.F Beale).

This graph may be translated into generalised estimates of the cost of INS encroachment as shown in Tables 1 and 2.  Moving 
from open country to 10 per cent shrub cover incurs relatively small reductions in gross margin but moving from 10 per cent to 
20 or 30 per cent cover results in much larger reductions. Beyond this, reductions in gross margin are smaller as most pasture 
production has already been lost even though shrub cover can continue to increase. Maintaining open or lightly shrubbed areas 
in that condition is likely to be much less expensive than clearing heavily encroached areas and will avoid the large losses that 
occur as shrub cover progresses beyond the initial threshold.  
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Table 1. Estimated gross margins ($/ha) for a range of enterprises and locations at various levels of shrub cover,  
based on Fig. 1. 

Enterprise Location Shrub cover per cent

0 10 20 30 40

Merino ewes (20 micron) - Merino rams (2017) Bourke $26.25 $24.94 $17.85 $9.19 $4.99

Gross Margin/DSE $46.11 Cobar $29.97 $28.47 $20.38 $10.49 $5.69

Broken Hill $18.30 $17.38 $12.44 $6.40 $3.48

Merino wethers (20 micron) (2017) Bourke $20.69 $19.66 $14.07 $7.24 $3.93

Gross Margin/DSE $37.92 Cobar $23.62 $22.44 $16.06 $8.27 $4.49

Broken Hill $14.42 $13.70 $9.81 $5.05 $2.74

Dorper ewes - Dorper rams (2017) Bourke $22.07 $20.97 $15.01 $7.73 $4.19

Gross Margin/DSE $40.45 Cobar $25.20 $23.94 $17.14 $8.82 $4.79

Broken Hill $15.39 $14.62 $10.46 $5.38 $2.92

Estimated carrying capacities for open rangeland in good condition are 0.55, 0.62 and 0.38 DSE/ha for Bourke, Cobar and 
Broken Hill, respectively, based on simulated pasture growth (Hacker and Smith 2007); gross margins/DSE are taken from 
NSW DPI livestock enterprise gross margin budgets (https://www.dpi.nsw.gov.au/agriculture/budgets/livestock (accessed 
8/3/2018). Merino and Dorper gross margins assume no fodder costs. The figures are indicative only.

Table 2. Reductions in gross margin per ha (from Table 1) with increasing levels of shrub cover.

Enterprise Location Change in gross margin $/ha

0 to 10 % 10 to 20 % 20 to 30 % 30 to 40 %

Merino ewes (20 micron) - Merino rams (2017) Bourke -$1.31 -$7.09 -$8.66 -$4.20

Cobar -$1.50 -$8.09 -$9.89 -$4.80

Broken Hill -$0.91 -$4.94 -$6.04 -$2.93

Merino wethers (20 micron) (2017) Bourke -$1.03 -$5.59 -$6.83 -$3.31

Cobar -$1.18 -$6.38 -$7.80 -$3.78

Broken Hill -$0.72 -$3.89 -$4.76 -$2.31

Dorper ewes - Dorper rams (2017) Bourke -$1.10 -$5.96 -$7.28 -$3.53

Cobar -$1.26 -$6.80 -$8.32 -$4.03

Broken Hill -$0.77 -$4.15 -$5.08 -$2.46

For goats the changes in gross margin/ha with increasing INS cover will follow the same pattern as those for Merinos and 
Dorpers unless the encroaching species provide browse that is palatable to goats. For goat enterprises the relationship 
between gross margin/ha and shrub cover will be complex, depending on the shrub species involved,  with the pattern 
illustrated in Tables 1 and 2 operating only as the limit case.

https://www.dpi.nsw.gov.au/agriculture/budgets/livestock
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Planning integrated INS 
management
Legislation governing INS management

Invasive native scrub management must comply with the terms of the Land Management (Native Vegetation) Code 2018 
prepared under Division 5 of the Local Land Services Act 2013. The code is available at https://www.legislation.nsw.gov.au/
regulations/2018-83 . These arrangements replace those which applied under the Native Vegetation Act 2003 which was repealed 
on 25 August 2017. However, Property Vegetation Plans (PVPs) approved before the repeal of the Act remain in force, and 
obligations to manage and maintain offset areas continue. The self-assessable code provisions of the Native Vegetation Act 
remain in force for 18 months after the repeal date. 

This means that if a landholder has notified the Office of Environment and Heritage of intended clearing using one of the self-
assessable codes prior to the repeal of the Act, they can undertake the clearing up until 24 February 2019. Landholders are also 
able to modify or withdraw an existing notification, but will need assistance from the Local Land Services.

Under the Land Management (Native Vegetation) Code 2018 clearing of INS can be carried out under the two Divisions that 
comprise Part 2 of the Code:

·	 Division 1 (low impact clearing) - requiring either notification to Local Land Services or issue of a ‘voluntary code compliant 
certificate’ and involving methods including, but not limited to, burning and clearing of individual plants. 

·	 Division 2 (moderate impact clearing) - requiring a ‘mandatory code compliant certificate’ and for which a range of 
restrictions apply in terms of the type of land that can be cleared,  impact on non-invasive species, size restrictions on 
invasive species, and a requirement for a residual population of invasive species to remain;  clearing methods are not 
specified and ‘annual or non-persistent perennial species may be introduced into the treatment area up to five times in a 15 
year period but in no more than three consecutive years’.

Neither Division restricts the clearing of native vegetation during the course of ‘sustainable grazing’. The clearing of mulga 
(specifically Acacia aneura) for the purpose of obtaining fodder for stock on the same landholding is also allowed subject to 
restrictions on the extent of clearing and its environmental impact. 

Clearing of native vegetation which does not specifically comprise invasive native species (e.g. thinning, mosaic thinning, woody 
native regrowth in managed native pastures, continuation of various forms of land management, clearing of ‘paddock tree areas’ 
and ‘compromised native ground cover’) is dealt with by other Parts of the Code.

https://www.legislation.nsw.gov.au/regulations/2018-83
https://www.legislation.nsw.gov.au/regulations/2018-83
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Key principles of INS management

·	 Management of INS must be an integrated, on-going process that is part of normal property management

This will need to involve control of total grazing pressure through TGP fencing and control of water points, tactical grazing 
to maintain perennial grasses under varying seasonal conditions, and treatment of regrowth. The nature and timing of these 
activities will vary from property to property and even paddock to paddock but planning to address all of them should be 
part of both short and medium-long term management planning.

·	 Give first priority to maintaining open areas 

As demonstrated above, open areas provide the highest economic return and shrub cover does not need to increase greatly 
before economic return is serious impacted. The cost of maintaining open areas is much lower than the cost of returning 
encroached areas to an open state, so ensuring that existing open areas are maintained should always be the first priority of 
INS management. This will require monitoring of open areas, particularly following seasonal conditions likely to lead to shrub 
establishment, and treatment of newly established plants while they are still small (<50 cm). 

·	 Prioritise remaining areas for treatment on the basis of expected costs and benefits, and the ease of incorporating INS 
management into overall property management.

Applying the key principles in practice 

Developing an INS management plan which incorporates these principles basically involves three steps:

1. Develop a property map showing areas of open country and areas affected by INS in each paddock

Western Local Land Services staff can help by providing satellite images for mapping. If appropriate, the INS map can be 
developed as an overlay which complements other layers of information such as fence lines, tracks and waters. Note the INS 
density of each area (open, scattered shrubs, moderate density of INS, dense INS), the dominant species present, and the 
age structure of the population (mostly seedlings, young, mixed age, mature) as these may determine the most appropriate 
treatment and the likely response.

2. Identify priority areas for treatment based on expected benefits and costs

Grazing or carbon credits?

Landholders have the option of deciding whether areas supporting INS, or likely to be subject to INS encroachment, should 
be managed for grazing or used to obtain carbon credits. In recent years extensive investment has been made by the 
Commonwealth Government in carbon sequestration or emission reduction projects in the Western Division through the 
Emissions Reduction Fund (ERF). Properties on which ERF projects now operate cover some 3.29 M ha of western NSW, 
mostly in the Cobar Peneplain and Mulga Lands bioregions (Cockfield et al. 2018), and Commonwealth investment is of the 
order of $590 M. 

Participation in an ERF project in the Western Division can occur through either of two mechanisms - Human-induced 
regeneration of a permanent even-aged native forest or Avoided deforestation (See Box 1). 
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Human-induced regeneration of a permanent even-aged native forest (HIR)

·	 HIR projects are likely to conflict directly with pastoral production since they must occur on land where 
regrowth of native forest has been suppressed for at least 10 years. These areas are likely to be the most open 
on the property and also those where maintenance of the open state, and hence grazing potential, should be 
achievable at the lowest cost.

·	 With payments occurring early in the commitment period, as is currently the case, such projects will be attractive 
economically based on a carbon price of >$10/t and estimated C accumulation of >8 t/ha (Cockfield et al. 2017). Most 
projects are negotiated by a broker in which case brokerage fees and a risk margin reduce the return to the landholder 
by about 25 per cent (Cockfield et al. 2018). 

·	 The economic benefit of HIR projects, as presently administered, is dependent primarily on the price of carbon and the 
estimated sequestration potential, and is relatively insensitive to livestock prices or modest increases in carrying capacity 
(Cockfield et al. 2017); a reduction in the carbon price and/or sequestration yield, and any administrative shift to the spread 
of payments over a longer period will substantially affect the economic benefit of HIR projects. 

·	 Under current carbon prices and administrative arrangements the animal production foregone from the project area will 
assume significance only on a time scale of decades; however this opportunity cost could become dominant on much 
shorter time scales if the carbon price drops or payments are spread over a longer period.

·	 Increasing carrying capacity on the remainder of the property by investment of carbon income in property improvements 
like TGP fencing has potential to offset animal production foregone.

Avoided deforestation (AD)

·	 AD projects can only be run on land that has native forest cover at the time an application is made to the Clean Energy 
Regulator. Areas where the native forest comprises INS are likely to be the least productive for pastoral purposes and the 
most expensive to return to a productive state. AD projects should thus be attractive economically.

·	 AD projects require an unrestricted consent to clear, issued before 1 July 2010 (at least in draft form), for the purpose of 
converting the forest to cropland or grassland. The project areas must thus be subject to an approved Property Vegetation 
Plan.

·	 Because AD projects depend on retaining the carbon already present in woody vegetation (rather than increasing the 
amount of woody vegetation) they are subject to a permanency requirement.

General comments

·	 Woody biomass is highly variable across the landscape, even within specific land units (Green 2013). The abatement 
potential of either HIR or AD projects thus requires assessment on an individual site basis.

·	 Sites dominated by multi-stemmed shrubs (e.g. turpentine, hop bush) support much lower levels of woody biomass than 
sites dominated by trees such as pine or poplar box. The presence of trees in INS-dominated areas will be an important 
determinant of the amount of woody biomass present or potentially able to be produced (See Waters et al. 2017).

·	 Losses of soil organic carbon by wind erosion may need to be accounted for and could reduce the carbon sink capacity of 
the region.

·	 Locking up of extensive areas for carbon credits could coarsen the vegetation mosaic structure of the landscape with 
adverse effects on biodiversity. 
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Box 1. This material has been sourced from the web site of the Clean Energy Regulator (accessed 5 June 2018).

http://www.cleanenergyregulator.gov.au/ERF/Choosing-a-project-type/Opportunities-for-the-land-sector/Vegetation-
methods 

Landholders seeking access to ERF funding should seek further information on these options from the Clean Energy 
Regulator web site (above) and from Western Local Land Services staff who are involved in providing information for the 
FullCAM modelling.

Human-induced regeneration of a permanent even-aged native forest 

This method applies to projects that store carbon by establishing permanent even-aged native forest using one or more 
human-induced regeneration activities. Project activities must occur on ‘eligible land’ where regrowth of native forest has 
been suppressed for at least 10 years. Human-induced regeneration activities include:

·	 excluding livestock and taking reasonable steps to keep livestock excluded
·	 managing the timing and extent of grazing
·	 managing feral animals in a humane manner
·	 managing plants that are not native to the project area
·	 implementing a decision to permanently cease mechanical or chemical destruction, or suppression, of native 

regrowth.

Australian Carbon Credit Units (ACCUs) are earned when carbon is stored as a result of the project activities. The carbon 
store is calculated using the Full Carbon Accounting Model (FullCAM).

Avoided deforestation

These projects protect native forest in areas that would otherwise be cleared for crops or grassland. A project using this 
method helps to reduce the amount of greenhouse gas entering the atmosphere, because carbon remains stored in the 
trees as they grow, and the emissions that would have been created by clearing (followed by burning) are avoided. For 
landholders in the Western Local Land Services area the prerequisites for such a project are:

1. The area of the project (at least 0.2 ha) must have forest cover (trees that are at least two metres tall and provide 
crown cover of at least 20 per cent) at the time of the application to the Clean Energy Regulator.

2. A clearing consent must have been issued before 1 July 2010 (in the form of a Property Vegetation Plan) and must 
state that clearing is permitted for the purposes of permanently converting the forest to cropland or grassland, 
not to plantation or settlements. (If the clearing consent was approved after 1 July 2010, it may still satisfy the 
requirements of the avoided deforestation method if it can be demonstrated that a draft clearing consent was 
issued before 1 July 2010). 

The forest must be managed to achieve a mix, in terms of composition and structure, of trees, shrubs and understorey 
plants that occur naturally in the area of the project. The person responsible for the project must not have a license 
or permit to remove wood from the forest for commercial purposes or firewood. However, they may collect up to five 
per cent of wood for personal use, such as fencing or household firewood. The forest’s carbon stock is calculated by 
collecting and analysing tree samples from different parts of the forest. Using a series of mathematical equations, the 
data from the sample trees are used to estimate the amount of carbon stored in all the eligible areas of the forest. The 
net amount of abatement during a reporting period, and therefore the number of ACCUs that the project attracts, 
is determined by subtracting any actual emissions due to fires and fuel use during the period from the theoretical 
emissions that would have been caused if clearing had occurred.

Avoided deforestation projects are subject to a ‘permanence obligation’ which means that the project must be 
maintained ‘permanently’, for a nominated period of either 100 or 25 years.

http://www.cleanenergyregulator.gov.au/ERF/Choosing-a-project-type/Opportunities-for-the-land-sector/Vegetation-methods
http://www.cleanenergyregulator.gov.au/ERF/Choosing-a-project-type/Opportunities-for-the-land-sector/Vegetation-methods
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Priority for areas retained for grazing

For areas to be retained for grazing the highest priority will be the maintenance of currently open areas, including 
treatment of isolated individuals and small scattered clumps. Moderate priority should be given to treatment of the 
perimeter of current infestations to prevent spread into open areas, with low and lowest priority, respectively, given to 
moderate-dense infestations and large areas of dense INS (Green 1992).

However, local factors might alter this general approach. The presence of a particular invasive species, for example, might 
dictate that an area is likely to be more or less difficult to treat. If restoration of a perennial pasture on a particular area is likely to 
enhance water retention or flow within a catchment overall, or reduce erosion risk, that area might be given priority over areas 
that might potentially be equally or more productive. 

On some properties where INS encroachment is advanced, priority may need to be given to special purpose areas such as 
holding paddocks, laneways, fence lines and areas around waters or buildings. In these situations any production-based 
approach to costs and benefits is not feasible.

Keeping an INS management program within the capacity of the available labour force to undertake and maintain is a key 
consideration if money invested is to yield maximum benefit. 
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3. Develop the post-treatment strategy (see also Ongoing Management below)

Subsequent to a major investment in INS control on-going management will need to involve both grazing management and 
maintenance of treated areas.

Grazing management is best conceived within a tactical grazing framework. Short courses on this topic can be arranged and 
conducted by Western Local Land Services staff in association with the NSW Department of Primary Industries.

Tactical grazing is basically about capitalising on the opportunities and, as much as possible, avoiding the hazards arising 
from seasonal (or economic) conditions. It entails setting a management objective for each paddock or management unit, 
devising the long-term strategy that can be expected to achieve the objective, and applying that strategy tactically (or 
opportunistically) as seasonal and economic conditions dictate (or allow). A strategy, in this sense, is not conceived in terms 
of fixed stocking rates or grazing periods, but in terms of variables that can be monitored and used to trigger management 
action e.g. desired levels of ground cover or utilisation of key species, fuel loads sufficient for autumn burning, maximum 
height of INS regrowth before treatment is applied. Exclusion of grazing in the immediate post-treatment period would be a 
desirable part of any strategy if it can be implemented. Robson (1995) found that 30 months after treatment the ploughed/
ungrazed treatment had a significantly higher proportion of palatable perennials than other treatments in a blade ploughing 
study north-west of Bourke.

The tactical grazing concept recognises that landholders operate within a tension between risk, returns and resource impact. 
Grazing management decisions will usually have implications for the seasonal risk to which the business is exposed, the 
financial returns expected and the impact on the natural resource base. Management is largely about holding these three 
variables in a tension that is consistent with the individual’s preferences. It may not always be possible to stick closely to 
the long-term strategy but having one at least illuminates the trade-offs that are being made when economics or seasonal 
conditions dictate management actions.

To implement tactical grazing, control of total grazing pressure is required. Establishment of TGP fences, either internally or 
as part of a TGP cluster, and the capacity to close off waters in paddocks not being grazed, are desirable to ensure that the 
benefits of investment in INS control can be realised.

The concept of tactical grazing, in practice, is not dissimilar to holistic management particularly if animals are pooled into one 
or a few groups. However, tactical grazing does not place emphasis on the importance of animal impact or hoof action as a 
key factor in restoring ecological functions, which has not been demonstrated in semi-arid and arid rangelands and could 
counter the localised redistribution of water and nutrients which is considered important to landscape function in these 
environments. 

Maintenance of treated areas can be incorporated within the tactical grazing framework in which case the long-term strategy 
will include actions such as spot spraying, grubbing or fire as well as grazing guidelines based on cover or utilisation. It is 
important to ensure that action to treat regrowth is taken before seedlings are greater than about 50 cm in height after 
which they will have emerged from the canopy and will be starting to dominate the grass layer.  

Further information on management principles and planning for INS control can be found in CW&W CMA (2010), pp 18-25.
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Current treatment methods
Conventional methods

Methods conventionally used for treating INS are listed in Table 3, together with their advantages and disadvantages. 
This table has been reproduced, with some modifications, from CW&W CMA (2010), pp 62-63. More detailed information 
on each method can be found in this publication at pages 64-95. Some possible future methods are outlined in Future 
Developments below.

Table 3. Summary of treatment methods for INS.

Method Advantage Disadvantage

Management burning

• Cost effective over large areas

• All species susceptible when young i.e. 
< 30-+ cm

• Kills some mature shrubs and improves 
visibility

• Pasture response may be rapid

• Infrequent opportunities because of 
seasonal/fuel condition requirements

• Response depends on shrub species and size

• The area may have to be destocked before 
the fire and will have to be destocked after 
the fire

• Risk of erosion after fire

Blade ploughing

• Shrubs are removed

• Pasture response may be rapid

• Pasture can be sown at the same time

• Can be done at any time

• Very high cost

• Soil disturbance may stimulate INS seedling 
germination and requires follow-up 
treatment

• Inadequate blade depth will make the 
problem worse

• Risk of erosion

• Loss of existing perennial pasture

Chaining

• Large shrubs are removed

• Pasture response may be rapid

• Improved chance of management burn

• Can be done at any time but most 
effective when soil is moist

• Timber can be left on the ground to 
protect pasture regeneration

• Not effective against young/small plants (< 
about 2 m)

• Can stimulate INS seedling germination and 
regrowth

• Can be non-selective

• Risk of erosion

Double chaining

• Shrubs are removed

• Improved pull-out

• Less regrowth to treat

• Easier to introduce pasture

• Can be done at any time but most 
effective when soil is moist

• Timber can be left on the ground to 
protect pasture regeneration

• High cost

• Material tends to ball up and reduce ability 
to burn

• Small shrubs aren’t removed

• Can be non-selective

• Risk of erosion
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Method Advantage Disadvantage

Crocodile seeding

• Low erosion

• Seed bed created in pits

• Pasture response may be rapid

• Cheap knock down of mature bushes

• May stimulate sufficient fuel growth for 
fire

• Temporary knock down

• Stimulates regrowth

• Very low kill of shrubs

Stick raking

• Shrubs are removed

• Pasture response may be rapid

• Reduce rabbit harbor

• High cost

• Stimulate regrowth

• Will not kill sprouting species (e.g. turpentine)

Manual grubbing

• Low cost

• Plant specific

• Can be done by any family member

• Bushes killed

• Useful for areas of scattered shrubs

• Only small plants can be treated

• Slow

Mechanical grubbing or 3 
point linkage cutter bar/ 
blade plough

• Plant specific

• Bushes killed

• Useful for areas of scattered shrubs

• Timber can be left on the ground to 
protect pasture regeneration

• Plants over 1 m need to be pushed over then 
grubbed on both sides

• Requires a specialised piece of equipment.

Cultivation/cropping

• Shrubs are removed

• Pasture response is rapid

• Cash crop to recoup initial costs

• Possibility of using a share farmer to 
minimise risk

• Stubble retention aids pasture 
establishment

• Ploughing destroys INS roots

• High cost

• Erosion/decline in soil structure

• Risk of crop failure

• Without fertilizer soil fertility drops rapidly, 
although high soil fertility may limit 
recruitment of native perennial grasses.

Pasture and grazing 
management

• Minimal soil/wind erosion

• Increased animal production

• Increased opportunity for management 
burns

• Increased drought preparedness

• Reduced INS seedling survival

• Pasture management and perennial 
groundcover will help limit INS establishment 
but alone will not prevent it, depending on 
the season

Goats

• Reduced total grazing pressure with 
better fences if managed correctly

• Suited to dense stands of edible species, 
e.g. hopbush, punty bush and mulga

• May lead to increase in unpalatable INS

• Very likely to damage pasture, especially 
perennial groundcover, and soil

• Needs long rest period after treatment

• High fencing costs
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Method Advantage Disadvantage

Herbicide (ground 
application)

• Minimal erosion risk

• Effective on all species

• Chemicals are very specific

• Does not necessarily require specialised 
equipment

• Dead standing shrubs may protect 
pasture regeneration

• Does not require destocking and 
pasture loss is minimal

• Labor intensive

• Possible loss of non-target species

• Plants should be actively growing for best 
effect

• Response depends on shrub species and size
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Estimated treatment costs

The estimated costs of the treatment methods listed in Table 3 are summarized in Table 4. Little if any current information on 
the cost of INS control is available and the estimates provided in Table 4 are based on previously published or unpublished 
figures inflated to 2018 dollars.

Table 4. Estimated cost of INS control methods

Method

Estimated cost 
2018 $/ha

(Avg inflation 
2.5% p.a.)

Original 
estimate $/ha

Comment Reference

Management 
burning

$2.38 $1.25 (+ cost of 
spelling)

Murphy (1992)

Management 
burning

$0.63
$0.30 Assumes 2,000 ha burn Burgess (1988)

Management 
burning

$0.65 $0.31
Ludwig (1988), 
p 102

Management 
burning

$0.63-$3.03 $0.27 - $1.31
Depending on use of volunteer labor, value 
placed on opportunity cost of labor, and 
need for construction of fire breaks 

Hodgkinson et 
al. (1984)

Blade ploughing $74-$158 $40-$85

Cost affected by soil type, texture, and 
moisture content, size and density of INS 
and non-target species; most cost is for 
tractor operation; matching tractor and 
blade plough is important in determining 
the cost

Harland (1993); 
Harland (1992)

Blade ploughing $95-$120 $50-$63 Murphy (1992)

Blade ploughing $101-$134 $75-$100
*CVMC (2006) 
p.64

Chaining $28-$46 $15-25
Initial cost; figure is contract rate;  
rate would be lower if machinery is owned

Harland and 
Kelly (1993)

Chaining $62-$87 $25-$35 For poplar box woodlands; includes wages
Robertson and 
Beeston (1981)

Chaining follow up 

• Raking

• Disc plough, 
scarify, sow 
(variable costs 
only)

$57-$70

$33

$30-$37

$17.56

Harland (1992)

Chaining follow up

• Burning (one 
to three years 
later)

$3.33 $1.75 Harland (1992)

Chaining $50 $37
CVMC (2006), 
p 68
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Method

Estimated cost 
2018 $/ha

(Avg inflation 
2.5% p.a.)

Original 
estimate $/ha

Comment Reference

Back chaining $50-$62 $20-$25
For poplar box woodlands; termed ‘back-
pulling’ in the original reference; includes 
wages

Robertson and 
Beeston (1981)

Double chaining N/a N/a No reference available

Crocodile seeding N/a N/a No reference available

Stick raking $72 $38 Murphy (1992)

Stick raking $101 $75
CVMC (2006), 
p68

Stick raking $75-$87 $30-$35 For poplar box woodlands, following pulling
Robertson and 
Beeston (1981)

Mechanical 
grubbing – front 
mounted grubber

$165

$41

$18

$89 (dense)

$22 (moderate)

$10 (sparse)

Based on 100 HP front end loader with front 
mounted grubber; total cost per shrub 
cleared estimated at $0.08 if equipment is 
owned; average shrub spacing (density) – 
dense – 3 m (1,111/ha); medium - 6 m (278/
ha); sparse – 9 m (123/ha) 

March and 
O’Leary (1993)

Mechanical 
grubbing – front 
mounted grubber

$148

$37

$16

$78 (dense)

$19 (moderate)

$9 (sparse)

Based on 100 HP front end loader with front 
mounted grubber; total cost per shrub 
cleared estimated at $0.07 if equipment is 
owned; densities as above 

Harland (1992)

Mechanical 
grubbing - three-
point linkage 
cutter

$165

$41

$18

$89 (dense)

$22 (moderate)

$10 (sparse)

Based on 65 HP 2WD drive tractor; cost per 
shrub $0.08 if tractor is owned; densities as 
above 

Harland (1992)

Cultivation/ 
cropping

$163 $121
Includes costs of chaining ($37/ha), stick 
raking ($75/ha), stick picking ($3/ha) and 
pasture seed ($6/ha)

CVMV (2006), 
p. 68

Pasture and 
grazing 
management

n/a n/a
This is included as part of normal property 
management and need not be costed 
separately.
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Method

Estimated cost 
2018 $/ha

(Avg inflation 
2.5% p.a.)

Original 
estimate $/ha

Comment Reference

Goats n/a n/a

Heavy continuous grazing is required for 
INS control. This is not compatible with 
management of goats as livestock for 
sale in the short term. In the longer term 
establishment of infrastructure to allow 
goats to be used for INS control may 
allow operation of a new enterprise and 
infrastructure costs could be offset against 
this enterprise.

Herbicide (spot 
application)

$222 (dense)

$56 (moderate

$25(sparse

$120 (dense)

$30 (moderate

$13 (sparse)

Figures are cost of chemical only (Velpar®L 
@ $27/l); costs given are for broadleaf 
hopbush - assumes shrubs 2 m high; 
cost is $0.054/m height of shrub; cost for 
turpentine is X2 due to higher rate required; 
densities as above

Barclay (1993)

Herbicide (spot 
application)

$106-$211

$26-$53

$12-$23

$56-$111(dense)

$14-$28 
(moderate

$6-$12 (sparse)

$0.05-$0.10 per shrub; densities as above Murphy (1992)

Stem injection $100 $40
For poplar box ( 500 trees per ha), wages 
$60/day

Robertson and 
Beeston (1981)

*CVMC Cobar Vegetation Management Committee

A number of management options may be available to offset the cost of INS treatment. 

·	 Short term cropping has long been advocated as the most economic means of clearing INS and restoring native pasture 
(e.g. CVMC 2006) and has been shown to be effective if post-cropping grazing management is satisfactory (Alemseged 
et al. 2011). Under Part 1, Division 2 of the Land Management (Native Vegetation) Code 2018  ‘annual or non-persistent 
perennial species’ may be introduced into the treatment area up to five times in a 15 year period but in no more than 
three consecutive years’. Short term cropping will probably be the aim of most landholders in areas where cropping is 
feasible and plant is available.

·	 Sale of timber from legally cleared native vegetation. This is not prevented by the Land Management (Native Vegetation) 
Code 2018 even though the code does not authorise clearing of native vegetation for forestry operations (Part 1.10).

·	 Harvest of goats attracted onto cleared areas in generally scrubby country may help pay for future fencing costs.

·	 Collection of biomass for use in the production of specialty products such as biochar may be feasible if the BioHub 
proposed for Cobar is ultimately established (see Box 2).
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Box 2 - Extract from The Land, 25 August 2016

The Cobar BioHub would specialise in converting forestry remains and cleared invasive native scrub to process bioenergy and high-
value carbon-based products, including sawlogs, speciality timbers, essential oils, biochar, ‘clean’ energy and high value industry 
materials used in steel manufacture. 

Renewed Carbon director Mark Glover said the proposal for the Cobar BioHub would see landholders paid for the vegetation that is 
cleared from their property at about $50 per acre, effectively allowing the clearing to be done at no cost to the landholder.

“It’s really important that the supply of biomass material is sustainable,” Mr Glover said. “That’s what the big steel makers are looking 
for, so they can market their steel as being more environmentally friendly – it’s worth huge sums of money to them.” 

The first stage of the refinery is anticipated to be completed within 12 months, and cost $38m, and will enable the processing of 
essential oils, agriculture grade Biochar for blending into fertilizer products and bioenergy for local use. The remaining two stages 
are expected to be complete within five years. There are a range of hurdles landowners must comply with to participate in the 
carbon trading, including adhering to Property Vegetation Plans1 when clearing land. 

1 Note the comments under Legislation governing INS management above 

This article does not describe how INS material would be collected from properties and transported to the hub. However, 
biomass harvesting equipment capable of producing round bales of mulched woody material, that can be readily 
transported, is commercially available and has been applied to numerous biomass harvesting operations overseas. There 
has as yet been no experience  of using this equipment for collecting biomass from INS in the Western Division.
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Chemicals available for INS treatment

Chemicals registered for control of INS species in NSW are listed in Table 5. Landholders may have recourse to the generic 
registrations listed in Table 6 if no specific registration is available for individual species. 

Table 5. Chemicals registered for control of specific INS species in NSW (from Australian Pesticides and Veterinary Medicines 
Authority web sites https://productsearch.apvma.gov.au/products and https://portal.apvma.gov.au/pubcris; accessed 16 
March 2018 and 10 April 2018). 

The search is not exhaustive due to the large number of products, brand names and formulations, and variation in specific 
registration conditions. Users should ensure that a particular product is registered for the specific use intended (species, 
method of application, and any other conditions) and is used only in accordance with the label. 

Species Chemicals registered in NSW (active ingredients)

Belah
Tebuthiuron;  Picloram &1 Triclopyr & Aminopyralid; Aminopyralid & Picloram & 
Triclopyr (1-3 m)

Bimble box/popular box
Hexazinone; Tebuthiuron; Picloram( suckers, seedlings); Picloram &  Triclopyr;  
Picloram & Triclopyr & Aminopyralid; 2,4-D & Picloram (seedlings <2 m); Glyphosate 
(seedlings <2 m); Aminopyralid & Picloram & Triclopyr (1-3 m) 

Black box
Hexazinone; Tebuthiuron; Picloram( suckers, seedlings); Picloram &  Triclopyr;  
Picloram & Triclopyr & Aminopyralid; Glyphosate (seedlings <2 m); 2,4-D & Picloram 
(seedlings <2 m); Aminopyralid & Picloram & Triclopyr (1-3 m); Metsulfuron-Methyl

Black Cypress Hexazinone; Aminopyralid & Picloram & Triclopyr (1-3 m)

Black roly poly
Diquat & Paraquat; Chlorthal Dimethyl; 2-4 D; Sulfmeturon Methyl; Imazapyr; Imazapyr 
& Glyphosate

Broad-leaf hopbush Triclopyr

Budda/false sandalwood Hexazinone; Tebuthiuron;  Triclopyr; Picloram &  Triclopyr; Atrazine; MCPA

Coolibah
Hexazinone; Tebuthiuron; Picloram (suckers & seedlings); Picloram &  Triclopyr; 
Picloram & Triclopyr & Aminopyralid; Glyphosate (seedlings <2 m); 2,4-D &  Picloram 
(seedlings <2 m);  Aminopyralid & Picloram &  Triclopyr (1-3 m) 

Emu bush No specific product

Eurah No specific product

Galvanised burr 2,4-D; Dicamba; Metsulfuron-Methyl; Dichlorprop

Green turkey bush No specific product

Harlequin fuchsia bush No specific product 

Ironwood No specific product

Lignum No specific product

Mimosa (Acacia farnesiana) No specific product

Mulga
Hexazinone, Picloram &  Triclopyr;  Picloram & Triclopyr & Aminopyralid;  Aminopyralid 
& Picloram & Triclopyr (1-3 m)

https://productsearch.apvma.gov.au/products
https://portal.apvma.gov.au/pubcris
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Species Chemicals registered in NSW (active ingredients)

Narrow-leaf hopbush Triclopyr

Pepper-leaf Senna No specific product

Punty bush Picloram & Triclopyr

Red box

Hexazinone; Picloram (suckers, seedlings);  Picloram &  Triclopyr;  Picloram  &  Triclopyr 
& Aminopyralid;  Aminopyralid & Picloram & Triclopyr (1-3 m); Glyphosate (seedlings 
<2 m); 2,4-D & Picloram (seedlings <2 m);  Metsulfuron-Methyl; Aminopyralid &  
Metsulfuron-Methyl; Triclopyr &  Metsulfuron-Methyl; Oryzalin & Oxyfluorfen

River cooba/black wattle
Hexazinone; Dicamba; Triclopyr; Fluroxypyr; Picloram &  Triclopyr;  Picloram & Triclopyr 
& Aminopyralid; Aminopyralid & Picloram & Triclopyr (1-3 m)

Silver cassia No specific product

Silver turkey bush No specific product

Turpentine Triclopyr; Picloram &  Triclopyr 

White cypress Hexazinone 

Wilga Picloram & Triclopyr 

Yarran No specific product  

1 The ‘&’ symbol is used to indicate registered mixtures; individual registrants are separated by ‘;’
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Table 6. Chemicals with generic registrations that may be applicable to INS management in NSW (from Australian Pesticides 
and Veterinary Medicines Authority web site https://productsearch.apvma.gov.au/products; accessed 10 April 2018).

Generic target Chemicals registered in NSW (Active ingredients)

Woody weeds
Fluroxypyr; Glyphosate; Tebuthiuron; Triclopyr; Metsulfuron-Methyl; Metsulfuron-
Methyl & Triclopyr; Picloram & Triclopyr; Aminopyralid & Picloram

Acacia genus Clopyralid; Fluroxypyr; Hexazinone; Picloram; Triclopyr

Eucalyptus

2,4-D & Aminopyralid & Picloram; 2,4-D & Picloram; Alpha-Cypermethrin; 
Aminopyralid & Picloram & Triclopyr; Amitrole; Atrazine;  Clopyralid; Dichlobenil; 
Glyphosate; Haloxyfop; Hexazinone; MCPA; Triclopyr & Metsulfuron-Methyl; Oryzalin; 
Oxyfluorfen; Pendimethalin; Picloram; Picloram, & Triclopyr; Simazine; Sulfometuron-
Methyl & Terbacil; Thiazopyr; Triclopyr

Woody regrowth Tebuthiuron; Triclopyr

Mallee
Aminopyralid & Metsulfuron-Methyl; Hexazinone; MCPA; Metsulfuron-Methyl; 
Terbutryn

The chemicals, and chemical mixtures, listed in Tables 5 and 6 are sold under a large number of brand names. Registration 
details of particular products, including formulation and of method application (e.g. foliar spray or basal bark application) are 
best sourced from the label which may be viewed at the Australian Pesticides and Veterinary Medicines Authority web sites 
https://productsearch.apvma.gov.au/products and https://portal.apvma.gov.au/pubcris

https://productsearch.apvma.gov.au/products
https://productsearch.apvma.gov.au/products
https://portal.apvma.gov.au/pubcris
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Tips for INS Management

The timing of INS treatment, in relation to both time of year and seasonal conditions, may have a substantial 
influence on the outcome. Some advice on timing of chemical application may be provided on product labels. 
Both landholder and research experience has been collated in the list of relevant considerations below:

·	 Annual fires in autumn are most effective in controlling coppicing shrubs in the semi-arid woodlands, but are not 
usually feasible. Low-concentration applications of herbicide may be effective in mimicking the second fire (Noble 
1992, Noble et al. 2001).

·	 Successive autumn fires are sufficient to eliminate most mallee and substantially improve pastoral productivity in open 
mallee country where growth of spear grass will permit successive burns. Such results are not feasible in mallee dune fields 
with porcupine grass because of the length of time required to accumulate fuel. Spring burning is less effective in reducing 
mallee and may promote mallee seedling establishment (Noble 1984, 1986). 

·	 Chemical application is often more effective in autumn than spring. Some exceptions have been observed (e.g. Noble et 
al. 2001) but in the absence of local evidence to the contrary, or advice provided on the product label, autumn application 
would be preferred. 

·	 Plants are generally more susceptible to herbicide when actively growing, and younger plants, or coppices, are more 
susceptible than older ones. 

·	 When regrowth is being sprayed the label rates for mature shrubs should be used as shrubs regenerating from an 
established root stock will be harder to kill than newly established plants (but note the exception above in relation to the 
potential of low-concentration herbicide to mimic a second fire).

·	 Recruitment of INS occurs continuously in favoured microsites but massive establishment events accompany episodic, 
high rainfall events, particularly in autumn. These events also promote grass growth and thus provide the opportunity to 
eliminate seedling storms. Seedlings of all INS species are destroyed by fire whereas adult plants of some species are fire-
tolerant. Burning as soon as possible after a seedling storm is desirable but in practice management burns are best carried 
out in autumn or spring when fire management is less risky.  Germination of some species may be promoted by fire but this 
is never widespread and usually restricted to areas of high fire intensity (e.g. in litter beneath parent shrubs). Most of these 
seedlings fail to survive (Hodgkinson and Harrington 1985).

·	 Plants are more likely to be pulled out of the ground, rather than broken off, when soil is moist. Chaining and similar 
procedures are best conducted under these conditions. ‘The wetter the better’ was a rule of thumb for brigalow pulling in 
Queensland. Robertson and Beeston (1981) emphasis the same point in relation to clearing of poplar box woodland. 

·	 Landholder experience in the Western Division suggests that time of year (winter vs summer) may also influence the 
effectiveness of chaining. There appears to be no research evidence available to substantiate this observation but the 
evidence outlined above for both management burning and herbicide application would suggest that autumn chaining 
might be preferred. 

·	 Stem injection of poplar box has been found to be effective under all conditions and at all times of the year with neither soil 
moisture nor season having large effects (Robertson and Beeston 1981).

·	 Heavy goat gazing is most effective in killing palatable species under drought conditions, and when sustained; temporary 
removal of grazing pressure will reduce its effectiveness (Muir 1992, 1995).
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A net present value approach to assessing treatment feasibility 

The costs in Table 4 are quite variable, even for a specific treatment, and also vary considerably depending on the density of 
INS. Various treatment combinations are also feasible for the initial and follow-up treatments. It is thus not possible to provide 
accurate information regarding the cost of INS control in a specific situation.

An alternative approach is to model the benefits that could be expected from a successful INS management program and 
use these to estimate the maximum amount that could be spent on treatment. Since benefits and costs are incurred on 
different time frames it is necessary to reduce the cumulative stream of both to 2018 dollars (i.e. to their Present Value, PV) 
to provide a realistic comparison. Table 7 presents the PV of gross margin per hectare (GM/ha) for a ‘no action’ scenario, a 
successful INS treatment program and the ‘benefit of successful treatment’ (the difference between the two), for various initial 
levels of INS cover and two planning horizons – 10 and 20 years. The PV of the ‘benefit of successful treatment’ represents 
the maximum PV of costs that could be expended on a treatment program. The figures are for a Merino ewe/Merino ram 
operation at Bourke (GM/DSE $48.11; carrying capacity2 for zero INS cover is 0.55 DSE/ha). 

Table 7 involves several important assumptions:

1. INS cover increases by five per cent per annum i.e. from zero per cent to 100 per cent in 20 years, and in correspondingly 
shorter periods at higher levels of initial cover. 

2. Potential pasture growth is determined by INS cover according to the relationship shown in Fig. 1. The carrying capacity 
(DSE/ha) at each level of INS cover is determined by the corresponding reduction in pasture growth applied to the 
assumed carrying capacity of open country. (Note that since carrying capacity does not decline further after about  
70 per cent INS cover, assumption one can be applied even if in practice cover never reaches 100 per cent).  

3. GM/ha at each level of INS cover is calculated as the product of carrying capacity (DSE/ha) and GM/DSE for the 
enterprise chosen. GM/DSE is not varied in response to changes in INS cover. Calculated values of GM/ha may therefore 
be higher than what could be realized in practice at higher levels of INS cover.

4. No seasonal variation is included.

5. INS control treatments are applied at six yearly intervals commencing in year one if INS cover is present (i.e. years one, six, 
13 and 19), or year six if no INS cover is present initially (i.e. years six, 12, 18).

6. The nature of the INS treatment regime is not specified but it is assumed to be successful in restoring carrying capacity 
to the open or zero cover level in the second year following treatment; an intermediate level is achieved in the year 
following treatment. Once restored, carrying capacity declines again at five per cent per annum, until the next treatment 
is applied.

7. No provision is made for spelling of paddocks for fuel accumulation for management burning. It is assumed that if a 
paddock is spelled stock are distributed to the rest of the property and thus continue to produce at the GM/DSE of the 
chosen enterprise, and in numbers determined by the carrying capacity of the INS encroached area.

2  This carrying capacity is probably higher than would be expected on many properties in the Bourke area, especially when 
allowance is made for non-domestic herbivores. It has been derived from long term pasture growth simulation using the 
GRASP model, based on Bourke rainfall, and equates to a carrying capacity benchmark of 56.91 DSE days/ha/100 mm of 
average annual rainfall (DDH/100 mm). This is comparable to a benchmark of 55.6 DDH/100 mm calculated from the grazing 
records of a property at Brewarrina practicing time controlled grazing (Hacker and Smith 2007).
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These assumptions are deliberately optimistic and represent a simplistic ‘best case’ 
scenario. In practice the benefit of successful treatment will very likely be less than the figure given in 
Table 7 but the extent to which the actual result is likely to differ from the ‘best case’ can only be subjectively 
assessed for specific situations. To decide whether an INS treatment program would be a good investment in 
practice, the present value of the costs must be subtracted from the present value of the benefits. Calculating these 
costs for a particular situation is discussed further below. 

Table 7. Present Value (PV) of gross margin per hectare (GM/ha) for a ‘no action’ scenario, a successful ‘best case’ INS 
treatment program, and the benefit of successful treatment (the difference between the two) for different initial levels of INS 
cover and two planning horizons. The ‘benefit of successful treatment’ is the maximum PV of costs that could be justified on INS 
treatment (Discount rate five per cent; Merino ewe/Merino Ram operation at Bourke). 

Planning time frame 
(yrs)

10 20

Initial cover % 0 10 20 30 40 0 10 20 30 40

No action (1) $128.46 $91.05 $54.70 $29.56 $18.03 $136.20 $97.62 $60.92 $35.78 $24.25

Successful treatment 
(2)

$176.03 $186.91 $175.27 $163.80 $159.08 $282.87 $293.54 $282.18 $270.72 $266.00

Benefit of successful 
treatment (2-1)

$47.57 $95.86 $120.57 $134.24 $141.05 $146.67 $195.92 $221.26 $234.94 $241.75

Table 7 illustrates some important issues to consider in relation to investment in INS treatment.

·	 The benefit of successful treatment increases as the initial level of INS cover increases. This is to be expected as successful 
treatment will lead to a greater increase in carrying capacity at higher initial levels of INS cover. However, higher levels of 
initial cover will also require use of the more expensive treatment methods listed in Table 4 (e.g. blade ploughing) , and 
the chances that these methods will lead to a ‘best case’ result are probably considerably lower that for cheaper methods 
applied to more open  country. 

·	 The benefit of successful treatment does not increase much beyond 20 per cent cover so once higher cost methods are 
required it would still be desirable to treat lower density infestations first because the additional benefit of successful 
treatment for high density areas is relatively small and the chance of success is probably lower.

·	 Extending the time frame to 20 years substantially increases the benefit of successful treatment, particularly for open 
country. Maintaining open areas is thus a particularly good strategy in the long term.

The data in Table 7 can be converted to values for other combinations of enterprise and carrying capacity by use of a multiplier 
calculated as:

Multiplier = (A x B)/26.46

where 

A = the carrying capacity of open country in good condition (DSE/ha)

B = the gross margin per DSE for the chosen enterprise ($/DSE)

and the divisor (26.46) is (A x B) for the scenario used in Table 7. 

This calculation should not be used for goat enterprises as the relationship between shrub cover and goat carrying capacity is 
complex.
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The cost of an INS management program will be finally known only in the long term as circumstances may dictate the 
application of methods not originally planned. However, for comparison with the benefit of successful treatment shown in 
Table 7, the present value of anticipated costs incurred in the same years as assumed above (at a discount rate of  
five per cent) can be determined as:

Present value ($) = 0.77($Year 6) + 0.57($Year 12) + 0.42($Year 18) 

if initial INS cover is 0%, or

Present value ($) = $Year 1 + 0.74($Year 7) + 0.54($Year 13) + 0.4($Year 19)

 if initial INS cover is >0%.

As an example, consider 

(a) maintenance of an open area by means of grubbing ($18/ha) in years six, 12 and 18

(b) treatment of a comparable area with 20 per cent INS cover by blade ploughing ($110/ha) in year one and grubbing  
($18/ha) in years seven, 13 and 19.

The results are shown below. Given the ‘best case’ assumptions of Table 7 both scenarios provide a positive net benefit but 
option (a) would be preferred both because the net benefit is better and the probability of a ‘best case’ result will be higher 
than for option (b).

Scenario Present value of costs
Benefit of successful 

treatment (from Table 7)
Net benefit

a $31.68 $146.67 $114.99

b $140.24 $221.26 $81.02

Table 8 provides multipliers which can be used to calculate the present value of costs planned at any time over the next 20 
years but these present values will relate only approximately to the benefits of successful treatment given in Table 7 which 
are based on the investment timetable given in the assumptions.

Table 8. Multipliers for converting future costs to present values

Year of 
expenditure

Discount rate % Year of 
expenditure

Discount rate %

5 7 5 7

1 1.00 1.00 11 0.60 0.48

2 0.95 0.93 12 0.57 0.45

3 0.90 0.86 13 0.54 0.42

4 0.86 0.80 14 0.51 0.39

5 0.81 0.75 15 0.49 0.36

6 0.77 0.70 16 0.46 0.34

7 0.74 0.65 17 0.44 0.31

8 0.70 0.60 18 0.42 0.29

9 0.66 0.56 19 0.40 0.27

10 0.63 0.52 20 0.38 0.25
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Ongoing management
Essentials of tactical grazing

The importance of on-going management has been stressed earlier and the concept of tactical grazing promoted as a 
framework within which this can occur.

Some of the essential components of this approach are:

·	 Development of a long term strategy to achieve the management objective set for each management unit. It is the day 
to day, or tactical, implementation of this strategy that constitutes tactical grazing. More information on development of 
strategies can be obtained from the Western Local Land Services website which provides fact sheets relevant to each of 
‘Ten practical ways to sustainably manage land for production in the Western local region’ (https://western.lls.nsw.gov.au/
land-and-water/grazing-management).

·	 Monitoring of key indicators that will trigger management actions. Establishment of photo points around the property 
will provide fixed points of reference at which these indicators can be tracked over time. The photo should not be the 
only measure of response since key indicators like the presence of shrub seedlings, groundcover or utilisation levels of key 
species will not be sensitively detected in the photo. Being aware of the presence of INS seedlings, and regrowth from 
old bases, is vital in planning action to ensure the long term success of INS management. Techniques for assessing key 
indicators in the field are provided in Campbell and Hacker (2000) and skills can be polished by attending a tactical grazing 
short course. 

·	 Infrastructure for on-going management. The capacity to manage the total grazing pressure within the property is 
obviously fundamental to overall business success and to the management of areas subject to INS treatment. Erection of 
TGP fencing and self-mustering facilities at watering points is desirable as a means of ensuring that TGP can be managed 
as well as possible. It is important to note that self-mustering yards at water points can create animal welfare problems for 
kangaroos. Inclusion of small horizontally-hinged gates in the fence that kangaroos can push through to escape may be a 
means of addressing this issue. 

·	 Maintaining fence lines and tracks free of INS regrowth is an important component of infrastructure maintenance, especially 
if electric fencing is used. Banding of granular herbicides (e.g. Farmalinx Clearview) either side of the fence is one approach. 
Otherwise spot spraying of seedlings may be essential. Naturally, tracks should be graded as required.

·	 It is important that treated areas receive the ongoing management they require in a timely manner. This requires that 
treated areas are either capable of being managed separately, which may require specific fencing, or that management 
of the whole paddock can be determined by the management requirements of the treated areas. There is no point 
treating INS in a paddock whose role in overall property management is likely to limit the freedom to take ongoing INS 
management actions as required. 

https://western.lls.nsw.gov.au/land-and-water/grazing-management
https://western.lls.nsw.gov.au/land-and-water/grazing-management
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Influence of episodic events on the course of regeneration

INS problems are the consequence of interactions between grazing and episodic events such as high rainfall, the vagaries 
of wildfires, and drought. These same episodic events can dramatically affect the course of regeneration after an initial INS 
control program.

It is essential that management strategies established as part of tactical grazing recognise the potential for these events, and 
that monitoring is sufficiently frequent and astute to recognise triggers for action. In particular the presence of INS seedlings 
should be carefully noted if seasonal conditions are such that germination and survival over the first summer are likely. 
Seedlings may be difficult to see within the grass canopy but once they have emerged from the canopy the best opportunity 
for control may have been lost. 

The worst-case scenario for INS management is probably the presence of regrowth which is too dense to allow spot 
treatment and too small and supple to chain. This situation can easily arise if a germination event is allowed to go undetected 
or untreated.

Where the opportunity to control regrowth by low cost methods (e.g. spot spraying, grubbing) has been lost, management 
options include:

·	 Investigating the potential to convert the treated area to a HIR project and gain carbon credits through the Emissions 
Reduction Fund; this would probably only be feasible in limited circumstances (see Box 1).

·	 Leave the area to grow out until shrubs are big enough to chain.

·	 Management of TGP to allow buildup of fuel for a management burn. This could be assisted by use of implements such 
as the crocodile to treat the area, or strips through the area, to encourage fuel accumulation. Seeding of these strips 
with oats or some other annual forage may assist.

·	 Graze the area with goats at high stocking rates, depending on the species of INS present. Establishing such areas 
as goat paddocks for on-property acumination of goats before market could be a profitable means of utilising failed 
INS control projects. Note that if species unpalatable to goats are present goat grazing is likely to exacerbate their 
dominance.

·	 Establish trap yards to allow easy mustering of goats that may be attracted to the area. Revenue from goat sales may 
allow more expensive treatments to be applied to remove regrowth. 

·	 Three-point linkage mounted mulcher. Landholder experience in the Western Division has shown that a tractor 
mounted mulcher can be used to reduce INS regrowth and promote the growth of grass which could be used for a 
management burn if not grazed. Creation of litter mulch on the surface may be an additional benefit in terms of erosion 
control. Tractor mounted mulchers may not be suitable for large scale operations, and will probably not prevent further 
regrowth, but they appear capable of restoring grazing potential and management opportunities to areas where these 
have been lost. Further information is provided in the case study below.

·	 Chemical application using ‘weed seeker’ technology. Landholder experience in the Western Division has shown that 
boom sprays using ‘weed seeker’ technology have some potential to control regrowth while minimising the amount 
of chemical required. Weed seeker sensors identify the presence of a weed based on the characteristic reflectance 
spectrum of green vegetation and allow chemical to be directed to that spot. They therefore work best when weeds are 
intermittent and contrast strongly with the soil or litter background. Further information is provided in the case study 
below.

·	 Chopper roller. Chopper rollers (also called roller choppers) consist of a heavy steel drum with cleats welded on the 
outside that is trailed behind a tractor. The implement knocks down woody growth and crushes or cuts the aerial parts. 
The implement can be used in either forward or reverse mode to knock down and chop scrub – pushing it down in 
forward mode and chopping it further in reverse. Variants of this implement have been used widely, in Australia and 
overseas, for clearing of woody vegetation but experience with INS regrowth control in the Western Division is limited.
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·	 Aerial herbicide application. Aerial herbicide application has not been a feature of INS management in the Western 
Division and little local experience is available. Research in Queensland suggests that the optimum age for herbicide 
treatment of regrowth is two to three years and that ultra-low volume aerial application could enhance the cost 
effectiveness of treatment (Noble et al. 2005). Aerial application is not prevented under the Land Management (Native 
Vegetation) Code 2018 although it is not clear if it would be regarded as a low impact or moderate impact method. 
However, any chemical used for this purpose must be registered for aerial application in NSW and for the type of 
aircraft used (helicopter or fixed wing), as well as for the INS species concerned. Further, the Code currently imposes 
size restrictions on clearing of some INS species, and a requirement to leave at least 20 of these species greater than 
two metres in height in each hectare of the treated area. These requirements would be difficult to meet with aerial 
application. Any proposal to use aerial herbicide application should be discussed with Local Land Services. 

The status of some common herbicides for aerial application in NSW is shown below.

FMC Graslan Not registered 

Access Not registered 

Trounce Brush-Pack Registered - helicopter only

Brush-Off No label available

Roundup Herbicide Not registered
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Influence of episodic events on even aged stands

Since INS recruitment occurs predominantly (though not exclusively) as major episodic events in high rainfall years the 
resulting stands tend to be even-aged. Such populations could be expected to die out more or less simultaneously in 
response to other episodic events such as drought, disease or outbreaks of natural biological agents such as scale insects. 
Occasional examples of what appear to be such episodic die-off events can be observed in INS stands in the field, and have 
been observed in other contexts. Large scale dieback of bladder saltbush, and subsequent recovery, was observed on the 
Riverine Plain from the late 1970’s, the causes of which remain obscure (Clift et al. 1987, Clift et al. 1989).

However, it is unlikely that such natural dieback events would see a lasting end to the INS problem. If INS stands have 
reached a stage where they are not a priority for treatment they will also have accumulated a substantial soil seed reserve 
which will be available to re-establish the population when suitable conditions prevail. Nevertheless, such a natural dieback 
event may open up a window of opportunity for other control measures e.g. by releasing grass production which may allow 
management burning to remove the remnants of the original population and control the next cohort of seedlings. The 
importance of ongoing monitoring and the need to capitalise on opportunities for INS control is again evident.

Influence of large scale fires

Large scale wildfires occurred in the Western Division, following exceptional rainfall, in the summers of 1974-75 and  
1984-85, the latter penetrating even the heavily encroached Cobar pediplain which had not been significantly affected by 
the earlier fire season. While periods of high rainfall, and apparently adequate fuel loads, have occurred several times since 
1985 no extensive wildfires have resulted. 

Wilson and Mulham (1979) observed the effects of the 1974-75 fires and reported that survival rates 14 months after the 
fires, for shrubs that were totally scorched or burnt,  were white cypress – two per cent mulga – 16 per cent; narrow-leafed 
hopbush – 26 per cent; punty – 48 per cent; yarran – 87 per cent; turpentine – 87 per cent and budda – 88 per cent. For both 
narrow-leafed hopbush and punty recovery varied greatly between sites, and post-fire seedling establishment occurred at 
some sites, generally in the form of small patches with high seedling density. Hodgkinson and Harrington (1985) reported 
similar levels of fire sensitivity for these species based on data from a range of sources. They also observed that very little 
prescribed burning was carried out prior to the 1984-85 fire season, which may have considerably lessened the spread 
of wildfires as well as reducing invasive scrub, and advocated a much more proactive approach the next time such an 
opportunity occurs. 

For many species of INS it is apparent that wildfires will not result in a long-lasting reduction in density. However, even if 
management burning is not conducted before wildfires eventuate they do provide an opportunity to commence an INS 
management program to capitalise on the initial impact. Any such program, however, is likely to be harder to implement 
than one which is planned from the start and takes advantage of exceptional seasonal conditions rather than simply reacting 
to them.
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Case studies
Selective regrowth control with a ‘weedseeker’

The weedseeker is a tool to target specific plants at specific times reducing the costs of herbicide application and 
increasing the effectiveness of the targeted application. The optical spray sense technology analyses the reflective light by 
green plants. Once the weed is detected the herbicide spray is signaled to spray the offending plant immediately.

The weedseeker enables the spraying of fallow paddocks at times that suit the farmer and at a time where herbicide uptake 
is best utilised by the targeted weeds. Results in this area indicate savings of up to 90 per cent in herbicide costs as well as 
delivering significant environmental benefits. The weedseeker allows you to strategically manage paddocks and instead of a 
heavy dosed blanket spray, a more specific blend of herbicide can be used as the cost of application is vastly reduced.

The weedseekeer can be fitted to any sprayer. This is a stand alone sonic platform, with a  3,000 litre main tank with self filling 
station and chemical hopper. It is fitted with both weedseeker and blanket line boom. 
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Regrowth control with a linkage-mounted mulcher at Kia Ora

Paul Whitecross at Kia Ora, near Cobar, has successfully used a three-point linkage mulcher mounted on a 120 HP tractor to 
clear INS regrowth and promote grass growth for subsequent burning. 

The mulcher is able to handle relatively small debris on the ground from the original clearing, as well as standing regrowth. 
The layer of mulch produced on the soil surface may be beneficial for erosion control but in typical INS regrowth situations is 
not sufficient to prevent establishment of grasses.
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Keeping open areas open

“The INS program is our highest priority...if we don’t act soon against the woody weeds they will not only 
take over the sandhill country but move onto our open areas starving out our native grasses”, said Ivanhoe farmer, 
Shannan Thomas from Burragan Station. 

In 2011 the Thomas family used 750 litres of chemical to treat INS on their 27,000 ha property with an estimated 375 man 
hours. 

Shannon said the results had been outstanding. 

“We have a good supply of chemical to have a second go at areas we did do previously. It is vital that we keep up this work or 
the land will be destroyed through the loss of the valuable top soil due to wind erosion,” he said.
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The lessons of experience

Seven case studies of landholders who had used a variety of approaches to manage INS successfully were reported in 
CW&W CMA (2010). The key lessons which landholders gleaned from their experiences bear a remarkable similarity and are 
summarised here as a distillation of landholder experience which transcends their immediate situation.

Landholder comments Summary Statement

• Managing INS is a long-term commitment

• Follow-up management is vital

• Managing INS needs an integrated approach

• Keep learning

• Burning alone won’t control INS (x2)

• Use a number of treatment methods (x2)

• Follow-up is needed

• On-going management is needed

Management of INS is an ongoing process - there 
is no one-off solution 

• You don’t have to do it all at once (x2)

• You can’t do anything without water (runoff from established 
native grassland is lower so planning is needed to avoid empty 
tanks)

• Plan your INS management and remain flexible

• Plan your water infrastructure

• Planning is vital

• Don’t makes banks and channels too big

Property planning is essential for successful INS 
management 

• Target seedlings and keep open areas open

• Target seedlings

• Focus on keeping open areas open

• Monitor and treat INS when small

• Monitor open areas

Prioritise treatment areas and keep open areas 
open

• Don’t flog it

• Total grazing pressure management is vital (x4)

• Manage groundcover and grazing pressure

Good grazing management is essential

• Leave scattered trees and shelter belts of trees

• A few trees are still needed

• Create and environment better suited to grasses (by selectively 
leaving timber on the ground)

• Leave timber on the ground

Consider the endpoint required

• Plough when cloddy

• Cool burns are better

• Cool autumn and spring burns can control INS seedlings

Carry out control activity at the best time of year

• Carefully plan your burn (x2)

• Plan for the burn and have people on hand

• Smaller burns over a longer time frame may reduce seasonal risk

• Get experience and confidence (with management burning)

• Work with your local authorities (to bring local experience to bear 
on management burns)

Plan management burns carefully and draw on 
local experience
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Future developments
The ‘War on Western Weeds’ initiative in Queensland has been evaluating a number of new tools for managing 
prickly acacia (Acacia nilotica), a major woody weed in Mitchell grass country (Marsh et al. 2017). These include:

·	 Spray misting – blowing of a herbicide mist onto mass germination events.
·	 Heli-drop – aerial spot application of herbicide; the ‘Weed Sniper’ has been developed to drop granular herbicide 

onto individual trees; the methods delivers accurate placement of herbicide and weed mortality comparable to other 
methods (see http://www.southerngulf.com.au/wp-content/uploads/2016/08/Heli-drop_DST-Final.pdf ).

·	 Scattergun - a device powered by compressed air for shooting herbicide pellets up to 20 m; significantly increases speed 
of application.

There is now much interest in the use of drones or unmanned aerial vehicles (UAVs) both for locating weeds and applying 
herbicide. Drones for crop spraying are commercially available but have apparently not been used on INS infestations to 
date. Use of drones for any extensive treatment of INS would probably require relatively expensive equipment and would be 
conducted for, rather than by, individual landholders.

Researchers at the Australian Centre for Field Robotics, University of Sydney, are developing robots to undertake a range of 
agricultural tasks including weed control. In 2016, the Centre developed SwagBot the world’s first robot designed specifically to 
assist livestock producers with daily management tasks. SwagBot is an omnidirectional ground vehicle, capable of navigating 
difficult terrain and even water crossings. Instruments attached to the robot can be used for a range of tasks such as moving 
cattle between paddocks (using recorded voice cues), and sensing livestock health issues. Trials of the robot in western NSW 
have shown that once trained to recognise particular weed species it can be used for detecting and treating individual plants, 
including multi-stem shrubs such as African boxthorn. The robot can deliver a foliar herbicide spray or, in the case of African 
boxthorn, a basal bark spray using a spray head specifically designed for this purpose. While SwagBot is capable of navigating 
its own way, based on GPS way points, it is likely that in future such robots will be operated in conjunction with drones which 
will identify the location of weeds and direct the robot to the spot. Further information is available at https://sydney.edu.au/
engineering/our-research/robotics-and-intelligent-systems/australian-centre-for-field-robotics/agriculture-and-the-environment.
html

Use of native scale insects to kill some wood plants was investigated by a Western Division landholder in the 1990’s. While the 
potential of this approach was demonstrated no commercial technique for generating and spreading the insect populations 
required for large scale application was developed. Recent developments in biological control of woody species have focused 
on the development of bioherbicides delivered by stem injection of inoculum capsules. The capsules contain one or a 
combination of specific fungi which have been isolated from plants exhibiting die back symptoms in the field. The development 
is being pioneered by BioHerbicides Australia (BHA) (http://www.bioherbicides.com.au/), located at the Gatton Campus of the 
University of Queensland. Attention to date has focused on woody weeds such as parkinsonia, prickly acacia and calotropis in 
northern Australia, and the technique is still the subject of active research. Observations indicate that only a portion of trees in 
a stand need to be inoculated to induce a general dieback event and that once established the disease will control juveniles 
and seedlings as well as mature plants. As the product is organic it presents no WHS issues for users (in contrast to chemical 
herbicides) and will be compatible with organic production systems.

http://www.southerngulf.com.au/wp-content/uploads/2016/08/Heli-drop_DST-Final.pdf
https://sydney.edu.au/engineering/our-research/robotics-and-intelligent-systems/australian-centre-for-field-robotics/agriculture-and-the-environment.html
https://sydney.edu.au/engineering/our-research/robotics-and-intelligent-systems/australian-centre-for-field-robotics/agriculture-and-the-environment.html
https://sydney.edu.au/engineering/our-research/robotics-and-intelligent-systems/australian-centre-for-field-robotics/agriculture-and-the-environment.html
http://www.bioherbicides.com.au/
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