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Summary  Techniques for prevention, individual plant
treatment (low densities) and whole area treatment (me-
dium to high densities) are reviewed. In the last
10�15 years, significant advances have been made with
preventative, chemical, mechanical, biological and fire
techniques. Individual plant techniques are generally ef-
fective but broad scale techniques are limited by partial
and variable efficacy and high cost. Further successes
will be achieved so technique-based research must con-
tinue but must be linked to establishing integrated man-
agement within a total land management framework. The
strategy for exotic species will also include eradication
techniques (where higher costs are justifiable) and clas-
sical biological control. Greater attention is required to
creative use of herbicides, adaptive management, model-
ling and delivery of complex control technology.

INTRODUCTION
Techniques for rangeland weed management generally
differ according to the weed density. This paper will
consider those for individual plant treatment where the
density is usually low, and those implemented on an area
basis where the density is usually medium to high. Low
densities usually occur where the species is at an early
stage of invasion, or at a late stage of a management or
restoration program. In addition, techniques for preventa-
tive control will be addressed.

Techniques are reviewed for their current effective-
ness, recent advances and future research needs. Finally,
suggestions for the future improvement and implementa-
tion of techniques are presented. I have placed an empha-
sis on information from Australian weeds conferences
since 1981.

Where an exotic species is invading and the area is
limited, effectiveness of the control technique is critical
and the importance of cost is reduced. However for large
areas of low density populations and for high density ar-
eas, cost-effectiveness is critical.

PREVENTATIVE WEED CONTROL
The cheapest form of weed control is prevention. This
concept is gaining wider recognition and will be assisted
by its inclusion as the leading goal in the National Weeds
Strategy. Prevention applies at all levels of scale from
the whole of Australia down to the paddock. It means

preventing new weeds entering Australia and preventing
weeds from moving between States, catchments, local
government areas, properties and paddocks. This
involves many agencies as well as individual land man-
agers. The techniques involve care in moving fodder,
animals and machinery from infested to clean areas, early
detection and eradication, enforced control and quaran-
tine. Early intervention applies to native as well as
introduced species. Control of isolated infestations to
prevent spread to the remainder of a region or catchment
is strategic control. This has gained increasing adoption
in Queensland with support from a State government
program.

The technique of not allowing contaminated fodder,
animals and machinery into clean areas is simple enough
and is partially implemented at the property, region and
State level for some high profile weeds such as
parthenium weed (Parthenium hysterophorus L.) and
Noogoora burr (Xanthium occidentale Bertol.). On the
one hand, increased use of this technique requires greater
education and awareness, but on the other hand, it must
be supported by regulation. The development of effective
regulation is a challenge.

INDIVIDUAL PLANT CONTROL
Only chemical and physical control techniques are used
for control of individual plants. If biological control tech-
niques have been developed for dense populations else-
where then they will have a role. However, a high level
of control should be the target for low densities, and this
will not be provided by many biological techniques.

CHEMICAL CONTROL
Cut stump  Cut stump is a combined physical/chemical
control method that normally gives 95�100% control. An
effective herbicide recommendation is available for many
weed species and should be progressively developed for
remaining species.

The efficacy of the cut stump method is not affected
by season or moisture status (Vitelli unpublished data,
Jeffrey unpublished data) and uses only a small quantity
of herbicide per plant. The major cost is labour. A modi-
fied brush-cutter is a recent development which reduces
labour costs in a range of situations � where plants are
hard to reach, for larger stem diameters and for higher
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plant densities. The brush-cutter is fitted with applica-
tion equipment for immediately applying herbicide to the
cut stump (Dallison 1992).

Basal bark  The basal bark method involves spraying
the basal portion of the stem with a herbicide plus a bark
penetrating carrier, usually diesel. Efficacy is usually
>90% control but is sensitive to spray coverage and stem
diameter (the length of treated stem must be increased
with stem diameter). It is insensitive to season but is
most effective in good growing conditions (Vitelli
unpublished data). Effective herbicide recommendations
are available for all significant species and need to be
progressively developed for other species. Herbicide,
diesel and labour all need to be considered in research to
reduce costs. Diesel alone is as effective as diesel plus
herbicide in good growing conditions but the limits of its
effectiveness need to be better defined for widespread
adoption. Attempts have been made to reduce the quan-
tity of diesel required by using diesel/water emulsions.
These are as effective as using 100% diesel carrier in
some situations, but as with using diesel without herbi-
cide, the increased risk of reduced effectiveness has
limited the adoption. A practical means of reducing costs
is to use waste diesel from cleaning fuel storages. Other
carriers, such as isopropyl alcohol are being evaluated
(Diatloff personal communication).

Tree injection  Tree injection is usually carried out with
angled axe cuts into the bark at waist height followed by
application of a measured dose of herbicide with the
other hand. The method is widely used for control of
native tree species (such as poplar box, Eucalyptus
populnea) because of accessibility of the stem whereas it
is not suitable for very multi-stemmed and thorny plant
forms. Effective herbicide recommendations are avail-
able for most species for which the method is suitable.
Effectiveness has been improved with special axe
designs and modern applicator guns but there is probably
little scope for further improvement.

Ground-based foliar application  Foliar herbicides are
usually applied by ground equipment for scattered to
medium densities and by aerial application for large scale
dense infestations. Use of this method is restricted to
shrubs and small trees which can be reached by ground
based equipment, but for herbaceous species is the major
method of chemical control.

High volume application has been used almost exclu-
sively in rangeland areas. Chemical control recommen-
dations have been developed for most rangeland species.
A particular effort has been necessary over the last ten
years since the demise  of 2,4,5-T and the introduction of

new active ingredients or new products based on herbi-
cide mixtures. Despite the new products, foliar chemical
control for some woody weeds is less than acceptable.
Furthermore, the level of control, particularly for woody
species is inconsistent (for example, Fossett et al. 1996).
The factors affecting the efficacy of foliar herbicides are
discussed later.

Spray volume is a significant factor in herbicide ac-
tivity on woody plants. For hand held high volume spray-
ing, the operator must make a judgment on wetness lead-
ing to substantial variation in the volume applied
(McMillan 1987). This is almost certainly a factor in the
variability of results from ground spraying.

Soil-application  Soil-applied herbicides for woody spe-
cies are now used in a variety of ways � pellets, gridballs,
liquid spots and soil injection. Hexazinone and
tebuthiuron are specifically for soil application although
other herbicides may have some effect through the soil
following foliar application. Hexazinone and tebuthiuron
are effective on a wide range of species. An advantage of
this method is that dry formulations can be carried in a
vehicle and used whenever a weed is detected during
farm operations, no water or diesel carrier is required and
application time is moderately fast. The disadvantages
are lack of selectivity, dependence on an erratic rainfall
and not knowing if plants are treated.

The efficacy of soil applied herbicides is dependent
on soil type and rainfall. Improvements in the reliability
of these herbicides requires further study of their activity
in Australian conditions.

A novel method of delivery has been trialled in the
US, involving an electronic control system which meas-
ures canopy diameter and delivers an appropriate dose of
hexazinone (Wiedemann et al. 1992). It worked for trees
with a canopy of 0.8�4.6 m diameter.

MECHANICAL CONTROL
In addition to cutting plants and applying a herbicide (cut
stump method), or using a bulldozer, there is a new
physical control method, a tractor mounted grubber
(Thompson and Jeffrey 1992). A blade is forced under
individual woody weeds with the forward movement of
the tractor lifting the plant out of the soil. The cost for
prickly acacia (Acacia nilotica Benth.) is 19�22 cents per
tree, only slightly more than the cost of basal barking.
However, the operator is riding and not walking, is not
exposed to a diesel/herbicide mixture and can see what is
treated. This device clearly illustrates the potential for
innovation to further the cause of weed control. The tree
pinching equipment used in harvesting pine trees, fitted
with a herbicide applicator for applying herbicide to the
cut stump, may be another means of control.
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WHOLE AREA CONTROL
Chemical control
Aerial foliar application  Aerial application is the pri-
mary option for applying herbicides to large areas of
dense weed infestations. Aerially applied 2,4,5-T was
effective for many woody species, so as with ground-
based applications, methods based on new products have
had to be developed to replace 2,4,5-T. This process is
not complete as research has not been done on all species
(e.g. mesquite, Prosopis spp.) and on others the herbi-
cide efficacy is too low or variable.

Some of the factors affecting efficacy are discussed
in the next section. However one that is more specific to
aerial application is application technology. High volume
application cannot be used so volume, carrier, droplet
size and adjuvant become very important. The technol-
ogy of aerial application was reviewed at the 1981
Australian Weeds Conference (Yates 1981) and with ex-
tensive research in progress in the US (Wilson 1991), a
good understanding of the principles and technology
should be available. However, despite this, it is still nec-
essary to evaluate variables such volume and nozzle type
(or droplet size). Vitelli (1993) found that the highest
spray volume of 400 L ha-1 gave the best control of
rubber vine (Cryptostegia grandiflora Roxb. R.Br.) with
triclopyr/picloram. However, Whisenet (personal com-
munication) found that spray volume (22�88 L ha-1) and
droplet size (325�650 microns) did not affect the control
of mesquite with clopyralid. There clearly remains a sig-
nificant challenge to close the gap between the general
technology of application and the most effective appli-
cation method for specific herbicide/weed combina-
tions.

An objective with aerial application must be to
reduce spray volume to reduce costs. There is a range of
nozzle possibilities, including the experimental air-assist
nozzles (McWhorter and Hanks 1992). Low volumes
open up the possibility of directly applying oil-based for-
mulations and expensive adjuvants. There is consider-
able aerial application research in the US, and although
it is focused on the application of seed, fertilizer and pes-
ticides for crops, should be monitored for its applicability
to Australian situations.

Other herbicide applications  Other herbicide applica-
tion methods such as aerial application of soil-applied
herbicides and boom-spraying of seedlings have specific
roles. The use of diuron in bore drains is a recent innova-
tion to control adjacent woody weeds (principally prickly
acacia). It has usually produced complete control and
adoption is estimated at greater than 80% (Jeffrey, per-
sonal communication). The carpeted roller of Crane et al.
(1989) may have a role in specific situations.

Efficacy of herbicides  There are two challenges in her-
bicide research:
1. to improve cost effectiveness i.e., improve efficacy

and/or reduce costs, and
2. to improve the reliability of methods.
A multitude of factors affect the efficacy of foliar appli-
cations � air temperature, relative humidity, moisture
status of the plants, rainfall, leaf age, plant age, spray
volume, droplet size, adjuvants, formulation, water qual-
ity and herbicide mixtures. Spray application factors
have been discussed above. Very high temperatures, low
relative humidity, low soil moisture and plants hardened
by extreme environmental variation all reduce herbicide
activity. Operators are advised not to apply herbicides at
air temperatures above 35°C but the effect of air tem-
peratures with current herbicides and formulations has
not been studied. The effect of moisture status has re-
ceived minimal attention. In current research, Vitelli
(1990) has found that metsulfuron activity is less affected
by moisture status than that of 2,4-D. Much of the infor-
mation on environmental and plant factors has however,
been developed for crop situations in Europe, UK and
USA where the conditions are very different from those
of the Australian rangelands, as illustrated by a review at
the First International Weed Control Congress (Kudsk
and Kristensen 1992).

There are two reasons why these environmental and
plant factors should be studied:
1. to quantify the impact of the factors so we can

accurately define when herbicide activity will be
optimal, and

2. to develop means of reducing the adverse impact of
these factors.

Adjuvants and formulations are a possible means of over-
coming the impact of other factors by improving absorp-
tion, translocation or activity. For example, lipophilic
herbicides are less affected by low humidity than water-
soluble herbicides and adjuvants can overcome the ad-
verse effects of low humidity (Kudsk and Kristensen
1992).

Apart from any benefits under adverse conditions,
adjuvants can substantially increase herbicide efficacy.
A surfactant with an appropriate hydrophilic-lipophilic
balance (HLB) and adequate concentration gave up to a
10-fold increase in herbicide efficacy (Green 1992). Sili-
cone surfactants are a recent development, producing a
marked increase in droplet spread (Vitelli 1987). Their
use has been limited by high cost and care is needed.
Buick and Field (1992) found that two of three silicone
surfactants increased triclopyr uptake and for amine, but
not ester formulations. There are other adjuvants such as
paraffinic oils; their potential for increasing herbicide effi-
cacy has been recently demonstrated (Fossett et al. 1996).
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Chemical control could be advanced by the availabil-
ity of some herbicide formulations that are available in
the US, such as picloram K salt, oil-based imazapyr
and dicamba ester (the latter two may assist the cost-
effectiveness of basal bark techniques). The same argu-
ment applies to herbicide mixtures such as triclopyr/
picloram which could have been made available sooner.
These situations are based on company decisions, and
although there would be a community benefit from their
availability it is difficult for government to get involved
in registration and marketing.

The efficacy of soil applied herbicides may be in-
creased in rangelands by a new formulation currently be-
ing tested (Jeffrey personal communication).

Research on herbicide uptake and translocation to
improve efficacy can range down to the molecular level.
Bayer (personal communication, University of Cali-
fornia) believes that the cell wall/plasmalemma interface
is probably the limiting factor, not the cuticle, and that in
future there will be �designer� herbicides based on
receptor sites for transporting. While this research is not
specifically addressing rangeland weeds, it could lead to
significant improvements and should continue; a quan-
tum breakthrough is required.

Mechanical control
Blade ploughing  Blade ploughing involves pulling a
horizontal blade through the soil at depths greater than
15 cm. It has given at least 90% control of woody weeds
in western New South Wales (NSW) provided lifters are
used (Harland 1992), and greater than 90% control of
rubber vine in north Queensland (Vitelli unpublished
data). Depth of operation is important particularly for
resprouting species for which the minimum depth is 20
cm (Harland 1992). In north Queensland, July to
September is the best time; earlier, during the wet season
rubber vine survival is higher, and in October�November,
the soil is too hard. The disadvantages of blade ploughing
are killing of perennial pastures and high cost. Hence
excluding grazing pressure is important for re-
establishment of pastures. Costs will vary with soil
texture, soil moisture, depth of operation, type of
equipment and weed density. Further research is
necessary on the factors affecting control, cost of
operation and the role for blade ploughing within
integrated weed management.

The long term effects of blade ploughing must also
be understood. Sixteen years after treatment in Texas,
the ground cover of honey mesquite (Prosopis
glandulosa Torrey) was 23% compared with 59% in the
untreated. Many minor species were completely control-
led, but huisache (Acacia smallii) had increased from
10% cover in the untreated to 72% (Ruthven et al. 1993).

The area had changed to dominance by another species
and species diversity had been lost.

Pulling  Pulling using a heavy chain and/or cable is a
well established method of controlling woody vegetation.
Single pulling is effective for large tree species such as
brigalow (Acacia harpophylla Benth.) (Johnson 1968)
whereas double pulling (in opposite directions) is neces-
sary for shrubs to small trees such as prickly acacia
(Jeffrey and Bode 1992). The level of control from pull-
ing is much higher for trees and large shrubs than for
small plants (Harland 1992, Jeffrey and Bode 1992).
Jeffrey and Bode found that kill of prickly acacia larger
than 75 mm stem diameter was 80%, but fell to 55% and
14% for plants with a stem diameter of 31�75 and 0�30
mm respectively. Regrowth is lowest if pulling is done in
the wet season (Harland 1992, Johnson 1968). However
pulling is best done in dry conditions for prickly acacia
because the main root is snapped rather than the entire
root system being removed (Jeffrey 1995).

In all vegetation types there is a need to follow up
with other control methods such as fire, herbicides,
raking or ploughing to maximize  the benefit. Harland
has noted that for western NSW, chaining has been
successful only where it was followed by cultivation and
work is still in progress to develop follow-up treatments
for non-cultivation areas. The costs for pulling are $A15�
25 ha-1 in western NSW (Harland 1992) and $A20�40
ha-1 for double pulling prickly acacia (Jeffrey 1995).
Although in the case of prickly acacia, the value of the
land is approximately $A21 ha-1, double pulling is viable
where the cost is partly recovered by the feeding value
particularly in drought.

Although pulling is well established for timber
clearing it is still being developed for some woody weeds.
It was for many years considered unsuitable for prickly
acacia so the above research shows the importance of
questioning such assumptions.

Stickraking  A stickrake, i.e. a very wide blade with fin-
gers along the base, has been fitted with a cutter bar and
successfully used for control of prickly acacia (Jeffrey
1995). The plants are cut off just below the soil surface.
The technique is expensive but suitable for special pur-
pose areas.

Fire
The use of fire in northern rangelands has been recently
reviewed by Grice (1996) and includes a consideration of
fire elsewhere in Australia. The reduction or cessation of
fire has led to an increase in native woody vegetation in
both Australia and the US. The same consequences apply
to exotic woody weeds, enabling them to increase more
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rapidly. The decrease in fires is attributable to graziers
preserving pasture growth for livestock, and the removal
of pasture as a fuel source by grazing and competition
from the woody vegetation (Grice 1996).

The possible use of fire varies from annually in the
wet dry tropics to opportunistically in the semi-arid re-
gions. The effect of fire varies substantially across spe-
cies and is generally well documented. For example,
Robertson and Walker (1981) reported a 62�94% reduc-
tion in two wattle species but only a 20�52% reduction in
false sandalwood in southern Queensland. Subsequent
re-establishment was by seedlings for the wattles (Aca-
cia deanei and Cassia nemophila J.R.T. Vogel) and
resprouting by false sandalwood (Eremophila mitchellii
Benth.). In contrast, the susceptibility of mesquite to fire
was only recently established and the effect of fire on
prickly acacia is not well understood (but from observa-
tions appears to be minimal) (Jeffrey personal communi-
cation).

Plant mortality from a fire depends on fire intensity
(Grice 1996) and fire intensity depends on environmental
factors, fuel moisture content, fuel load, fuel height and
slope. These factors have been incorporated in a model in
the US which predicts factors such as energy released
(Wilson 1991). With data on the energy (or intensity)
necessary for mortality of each species, a model could be
used to predict the outcome of a burn and so increase the
reliability of an effective burn.

There is a substantial cost to using fire as stock must
be excluded before and after a burn. The use of fire is
economically viable (Burgess 1987) but additional data
for the wide range of vegetation communities is neces-
sary.

There are many variables in using fire and a decision
support system is the means to address these. Shrubkill
is a program available for north-western NSW and south-
western Queensland and is suitable for adaptation to
other areas (Ludwig 1990).

Biological management
Classical biological control  Classical biocontrol
involves the introduction of agents (insects and
pathogens) from the area of origin of introduced weeds.
This form of biocontrol is very successful on cacti as
indicated by the well known control of prickly pear and
more recently the control of Harrisia cactus (Eriocereus
martinii [Labouret] Riccob.) with a mealy bug
(Hypogeococcus festerianus) (McFadyen and Tomley
1981), both in regions bordering the rangelands. Some
herbaceous weeds are being partially controlled e.g.
Noogoora burr by a rust and stem-boring insect
(Epiblema strenuata), and parthenium weed by three
insect species.

 A woody vine, rubber vine, is at a stage where bio-
logical control appears to be successful. A rust
(Maravalia cryptostegia) and moth (Euclasta whalleyi,
with a leaf-feeding caterpillar stage) have recently spread
widely and caused a high level of defoliation, although
the two agents will need other methods integrated with
them to maximize  the benefit.

Other key woody weeds, such as prickly acacia,
Parkinsonia (Parkinsonia aculeata L.) and mesquite, are
the subject of current research programs. One seed feed-
ing insect is widely established on prickly acacia with no
obvious short term impact. Apart from this, all three
weeds are at various stages of research from exploration
to early establishment of new insect introductions.

The chances of success with biological control are
influenced by the number of host specific agents that ex-
ist, type of agent, accessibility of the countries of origin
and how closely the weed and native species are related.
The life form of the target may be a factor with the chance
of success on woody weeds being open to challenge.
However, in South Africa, an Acacia spp. has been con-
trolled with a galling wasp and another Acacia spp. with
a rust (McFadyen personal communication). Also rel-
evant is the damage done to desirable tree species, for
example the effect of Dutch elm disease.

The successes quoted above are with weeds growing
in the more humid areas adjacent to the rangelands, or
the agent has been more successful in the humid areas
(e.g. Noogoora burr rust). The extremes of variation in
temperature and moisture conditions in the semi-arid and
arid areas may make biological control more difficult but
with the target woody weeds at least a host is always
present.

After all these considerations it is widely agreed that
it is not possible to predict success with biological con-
trol, so it must therefore be pursued for all key species
with the above criteria simply influencing order of prior-
ity. For rangeland areas, biological control is the only
option for dense populations of some species.

Inundative and augmentive biological control  A broad
range of other biological control possibilities exists in
which the agents have to be regularly produced and dis-
tributed. These may be introduced or native agents
applied to introduced or native weeds. In NSW, a native
scale insect (Austrotachardia spp.) killed large areas of
Cassinia spp. in 1988�92 (Campbell and Wykes 1992).
Human transmission of the insects resulted in a 70% kill
of Cassinia on one property and has resulted in establish-
ment of the insect on about 300 properties. Campbell and
Wykes (1992) proposed that a better understanding of
native insects and their predators and parasitoids, could
lead to effective control of some native weeds.
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In Hawaii, a wilt organism was found on Cassia
suratensis, a woody weed. Spore suspensions applied to
man-made wounds on the trunk gives control (Wilson
1991). In the US and Canada, three mycoherbicides are
now available and in Australia, development of a
mycoherbicide for Xanthium spp. is in progress (Auld et
al. 1990). To further advance the use of pathogens in this
way, research is under way studying the mechanism of
action rather than only the organism, looking for chemi-
cals to mix with pathogens to weaken plant defences, and
invert emulsion formulations to overcome the need for a
dew period (Wilson 1991). Although these examples are
the equivalent of tree injection and foliar herbicide appli-
cations, they offer some advantages, being chemical free
(possibly an important future issue in some areas for beef
production) or possibly being more effective.

Biotechnology, including genetic engineering, has
advanced rapidly in recent years and must have potential
for future advances in both classical and inundative
biocontrol.

Grazing  The use of grazing animals for weed control
has been recently reviewed (Popay and Field 1996). Cat-
tle, sheep and goats all have a role in weed control al-
though the animals may also be the cause of some weed
problems. Introducing different classes of stock and inte-
grating grazing with other control methods all require
consideration. It appears from the review that very little
is known about the use of grazing for weed control in
rangelands, but there is information not included.

Goats are especially effective in browsing on woody
plants. Goats can open up shrub-infested rangelands in
NSW provided the areas are dominated by species
acceptable to goats (Condon 1986, Muir 1992). A heavy
stocking rate of goats in western Queensland (3�4 ha-1)
caused the death of 68% of prickly acacia and 62% of
gidyea (Acacia cambagei R.T. Bak.) regrowth for trees
within browseable range (Cobon 1996). In the US, con-
tinuous grazing with 0.83 to 1.25 goats ha-1 resulted in an
85% reduction in cover of mixed brush species after five
years (Merrill and Taylor 1976). Despite the effective-
ness of goats, there use is not being adopted. The grazier
involved in the work of Cobon believes they are too hard
on the country (Fysh 1996) and there is a cost in higher
standard fencing. Any additional research needs to de-
fine the role of goats in a whole property context.

Plant competition  Maintaining an herbaceous plant
population is important in suppressing weed impact. Per-
ennial grasses reduce native woody weed seedling estab-
lishment (Harrington 1991), brigalow sucker regrowth
(Johnson 1968) and minimize  parthenium weed popula-
tions. However Brown and McIvor (1993) found no

effect of perennial grasses on prickly acacia and rubber
vine survival in pot and small plot experiments. The com-
petitive relationship between herbaceous plant popula-
tions and weedy species must surely vary substantially
with the composition and density of herbaceous
populations, the type of weed species (woody or herba-
ceous) and seasonal conditions. The survival of weed
seedlings is often low if there is no rainfall for several
months following emergence (Campbell unpublished
data) so any factor which places added stress on seed-
lings should reduce survival and be a useful component
of management.

Integrated control
The objective with individual plant treatment is a high
level of control with one technique and this is usually
achievable. However single-treatment use of area based
techniques usually gives inadequate long term control so
the integration or repeat use of techniques is required.
Pulling, burning, herbicides, sheep grazing and pasture
competition were successfully integrated to convert
brigalow and gidyea areas into productive pastures
although in the long term there are still problems with
regrowth. These areas are not rangelands and are more
productive areas; the challenge to achieve cost effective
methods for rangelands is greater.

In western NSW, fire followed by chemical
defoliation is being investigated (Noble et al. 1991).
Research is addressing application techniques and also
the possible integration of pulling and blade ploughing.
Vitelli (personal communication) has evaluated the
integration of sequential use of different herbicides,
slashing, blade ploughing and burning for rubber vine
management and has developed recommendations for
different situations. These have been adopted in more
highly productive areas but costs are too high for large
scale adoption in low productivity areas. The work of
Jeffrey and Bode (1992) with pulling of prickly acacia
has been extended to controlling regrowth with
herbicides or a stick rake fitted with a cutter bar (Fysh
1996). The results are being implemented by Fysh, the
property owner, and to date a small number of other
graziers. Research has just been commenced through the
Tropical Weeds Research Centre on the integration of
mechanical methods, herbicides and burning for
mesquite management.

Many authors here (for example, Noble and
Harrington 1992) and in the US have stressed the need to
integrate control methods (and also to integrate woody
weed management into whole property planning). This is
occurring as described but not to the extent that would be
expected from the words that have been written about it.
Another important feature is that no principles have been
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established; the integration of methods is based on gen-
eral plant growth and population principles plus the in-
tuition of researchers and/or the graziers they are work-
ing with.

FUTURE
Implementing control practices must be done with a fo-
cus on establishing a system, whether for production or
nature conservation, in which weed impact is minimized,
as proposed by Grice and Brown (1996). Simply asking
what is the best way to kill a weed is inadequate. How-
ever, to develop a whole property, catchment or regional
plan requires effective integrated weed management
practices, and in turn integrated practices require effec-
tive single-treatment components. Thus, if we are to ad-
vance land management, research to develop or improve
integrated and single-treatment techniques must con-
tinue, provided the priorities and objectives are address-
ing the holistic approach. In the last few years there has
been a surprising array of advances � diuron for bore
drain weed control, grubber technique, new herbicide
products, pulling of prickly acacia, brush-cutter with ap-
plicator for cut stump treatment, refinement of fire man-
agement for rubber vine and mesquite control, and devel-
opment of the fire/chemical defoliation technique for
testing on shrub control. In addition, effective biocontrol
agents for rubber vine have come to fruition. The deliv-
ery of equivalent advances will continue with adequate
research.

Chemical control is particularly complex. Whilst fur-
ther refinement of current technology will lead to signifi-
cant improvements, it will not produce highly effective
low cost solutions for all situations. In pursuing the re-
finement of chemical control techniques, a point could be
reached where the benefits do not return the cost of the
research. The challenge is to focus on the most critical
variables and to apply creative thinking to develop herbi-
cide techniques outside the bounds of current uses.

In developing future weed management techniques,
two approaches are required:
1. research where cost of the technique is not a

limitation, and
2. research aimed at improving the cost effectiveness of

single or integrated techniques. If we always place a
cost filter on new techniques before they are
evaluated then advances will certainly be limited.
Cost-based refinements can be developed later and
cost relativities do change over time.

In seeking to develop cost-effective techniques for the
rangelands, it is important to draw a distinction between
native and exotic species. The strategy for native species
should be vegetation management, involving long term
economical management for production, whilst also

retaining significant areas for biodiversity. The strategy
for exotic species, whilst based on vegetation manage-
ment principles, will also include eradication from some
areas and prevention of spread; in these cases, higher cost
options are justifiable. Classical biological control is an
option only for exotic species and given the enormous
challenge of achieving cost-effective techniques for the
rangelands, must continue to receive a high priority.

�Adaptive management� is a means to address the
development of cost effective practices and a holistic ap-
proach at the same time. It is learning by doing, using the
experience of the land manager and giving land manager
ownership whilst trying improved approaches. It is being
used by Noble (personal communication) and needs to be
an important component of future research.

Guidance in the development and integration of tech-
niques in the future will come from modelling their long
term consequences. This approach is demonstrated by
Mooy et al. (1992). The need in this case is for ecological
data to support the modelling.

As cost is a major limitation in rangelands and treat-
ments may only be applied once in say five years, it is
critical to apply techniques correctly to ensure maximum
efficacy. Also there is a range of specific requirements
for many of the techniques. It is difficult for land holders
to ensure that they do everything correctly. This needs
addressing with decision support systems. A start has
been made with Shrubkill but systems are needed for
other land use situations. In their absence, good best prac-
tice documentation is essential.
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