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Summary
The spread and control of Nassella spp.
is likely to impact mainly on open and
grassy woodland communities which
contain many threatened species. Some
well-managed native grassland remnant
areas have shown resistance to invasion
by serrated tussock and Chilean needle
grass, but further documentation is
needed. Techniques are being developed
for selective removal of these Nassella
spp. from native grassy swards and for
their replacement with native grasses. The
effects of selective spraying on forb di-
versity are unknown. Land management
practices for Nassella control comprises
ploughing, blanket herbicide spraying
and tree planting. However, surveys for
native remnants should be carried out
prior to commencing works, and the
comparative value of keeping native
remnants as weed-resistant and drought-
tolerant pastures should be assessed.
Chilean needle grass constitutes a high
level threat because of its apparent rapid
spread into a range of grassy ecosystems
and detrimental effects on biodiversity.
The effects on biodiversity and methods
of control for the other Nassella spp. are
unknown and need urgent attention.

Introduction
I will describe in detail the issues and re-
quirements for control of Nassella spp. in
the conservation context and briefly re-
flect on the implications for conservation
of some of the current agricultural ap-
proaches to serrated tussock control.
Comparisons of control methods will be
made for the issues and requirements for
conservation. Reasons why conservation
and agricultural interests would best be
served by a joint approach to the Nassella
problem are discussed.

Setting conservation needs in the
overall land management context
A clear understanding of the biology and
ecology of a weed is essential for its con-
trol. However, it is not necessary to find
out everything about a species before tak-
ing action. Serrated tussock is out of con-
trol and this may also apply to Chilean
needle grass. Possibly other Nassella spp.
are close to becoming problems in Victo-
ria. Documentation of likely methods of
control coupled with properly constituted
field trials will add to our knowledge, par-
ticularly in the conservation context, and
highlight those areas of the biology of
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these species most in need of investiga-
tion.

Conservationists and other land man-
agers have the same underlying problem:
how to deal with Nassella spp. that are ac-
tively spreading. In most cases the re-
quirements for conservation and other
land management approaches will over-
lap. The full effect on biodiversity by the
spread of Nassella spp. is unknown, but
likely to be major. We do know that a re-
duction in biodiversity reduces agricul-
tural productivity, and that the converse
applies. We must therefore be wary of
simple solutions that have as a by-product
the simplification of the ecosystems
within which agricultural production
takes place.

The need for co-ordination between
conservation and agriculture
It has been argued (Hocking 1995) that a
conservation focus on control of serrated
tussock could make many useful contribu-
tions to the overall solution of the serrated
tussock problem. In this paper I propose
that:
• there will be no solution unless those

with primarily agricultural or conser-
vation perspectives resolve differences
in approaches and come to common
outlooks and actions; and

• threats posed by other Nassella spp. to
both agriculture and conservation will
multiply rapidly if there is not a com-
bined effort to solve these problems.

Much of biology and ecology of Nassella
spp. parallel those of native tussock
grasses. Both groups are fire adapted, re-
sprouting after fire and retaining dead leaf
material to promote fire frequency. Both
are able to survive long periods with mini-
mal water, and are characterized by grow-
ing on soil with apparently low nutrient
levels (native grasses, and probably
Nassella spp., lower available nutrient lev-
els in the soil by incorporating them into
leaf and root biomass). Both types of
grasses have seeds with relatively large
awns and are adapted to ecosystems with
similar climatic patterns. Despite some
differences between the Nassella spp. and
native grasses (e.g. many native grasses
have C4 photosynthesis whereas all
Nassella spp. are C3 species), comparisons
between their biology, ecology and com-
petitive relationships in conservation con-
texts should provide valuable information
about how to counter the Nassella weeds
in the wider land use context if the



Plant Protection Quarterly Vol.13(2)  1998   87

and the network of road and rail re-
serves and other public land… priori-
ties (include) a reserve system supple-
mented by off-reserve components
(land owners and property manage-
ment, road and rail sides) and manage-
ment of environmental weeds.’

Similar statements are included for other
bioregions containing grassy ecosystem
components, such as grassy woodlands,
herb-rich grasslands and woodland com-
plexes. These statements are particularly
important when put in the context of the
Objectives for Management of Bio-
diversity (Anon. 1997, p. 3), which include
goals to ensure (that):
• there is a reversal, across the entire

landscape, of the long-term decline in
the extent and quality of native vegeta-
tion, leading to a net gain with the first
target being no net loss by the year
2001, and

• there is no further preventable decline
in the viability of any rare species or of
any rare ecological community, and

• there is an increase in the viability of
threatened species and in the extent
and quality of threatened ecological
communities.

Control of weeds in native grassland and
grassy woodland communities will de-
pend on our knowledge of, and tech-
niques for applying, general management
principles. Unfortunately, our knowledge
is far from adequate. For open grasslands
some initial information and concepts are
now becoming available (Lunt and
Morgan 1998a,b) but for grassy wood-
lands, very little is known about effective
management, especially for the grass-like
and forb understorey (Tolhurst 1994, Lunt
1997). Any proposals for control of
Nassella spp. in grassy ecosystems must
presume inadequate information about
grassy ecosystem management and re-
quire further investigation for a variety
of conservation reasons. One immediate
requirement is to provide adequate
resourcing for grassy ecosystem adaptive
management research. The priority areas
for investigation have been identified in
some detail (Wellington 1996).

Current land management practices
that threaten conservation and
biodiversity maintenance
There are some current and proposed land
management practices for control of
Nassella spp. which have potentially nega-
tive impacts on conservation values in
grassy ecosystems.

Ploughing
Soil disturbance is identified in the Victo-
rian FFG Action Statement No. 53 for
the Western (Basalt) Plains Grassland
Community as a key threatening proc-
esses. The effects of soil disturbance on
native grassland demise are numerous

(McDougall and Kirkpatrick 1994) and
lead to massive weed invasions from
which they cannot easily recover. This has
been documented for Nassella spp. by
Muir and Carr (1994), Phillips and Hock-
ing (1996) and Lunt and Morgan (1998b).

While ploughing serrated tussock in-
festations and sowing pasture or rota-
tional crops is recommended as a form of
control in agricultural areas in Victoria
(Anon. 1994, Aberdeen 1995, Miller 1995)
this action is not necessarily in conflict
with conservation requirements. Removal
of Nassella spp. on previously cultivated
land can help to reduce the potential for
invasion into both agricultural and con-
servation areas.

However, blanket ploughing and re-
pasturing of areas that have not previ-
ously been ploughed may lead to the de-
struction of areas with significant conser-
vation value. Any policy that advocates
extensive ploughing of such serrated tus-
sock infested areas, which have not been
checked for conservation values, runs the
risk of contributing to the destruction of
FFG-listed communities and species.
There is some evidence that healthy native
grassland communities are resistant to in-
vasion, particularly by serrated tussock
(Lunt and Morgan 1998b, Hocking and
Farley personal communication) and
ploughing these areas may increased the
potential for invasion in the long term.

I suggest two simple approaches to
avoid the dangers posed by ploughing
and sowing with pasture to the conserva-
tion value of grassy ecosystems:
• map all significantly large grassland

conservation remnants, incorporate
these into environmental overlays on
new planning schemes for shires and
other councils, and use these to inform
private land-owners/managers of ex-
isting conservation values, and

• promote management of native grass-
land remnants as a feasible alternative
to ploughing and other methods of con-
trol, by pointing out the benefits of na-
tive grassland areas; e.g. invasion re-
sistant and drought resistant (Anon.
1996, Crosthwaite and Malcolm 1997).

Herbicides
A key issue of concern to conservationists,
is broadscale use of herbicides for serrated
tussock control. Some herbicides com-
monly used for control have devastating
effects on native vegetation (Phillips and
Hocking 1996, Dare 1997, Phillips 1998).
These herbicides can kill individuals or
even whole populations of rare plant spe-
cies if used widely, and can lead to major
and irreversible weed invasion in a man-
ner resembling the process of native grass-
land destruction by soil disturbance.

The reasons why herbicide usage or
soil disturbance causes high-level weed
invasion in native grasslands are

research, trialing and implementation of
strategies for control are appropriately fo-
cused and co-ordinated.

Conservation communities of
concern
Control of Nassella spp. should first take
place within grassy ecosystem reserves
and remnants as all Nassella spp. have
been reported as spreading within
grasslands and/or grassy woodlands.
Serrated tussock is a threat largely in na-
tive grasslands and open woodlands.
Bioclimate modelling suggests tempera-
ture and rainfall will restricted it to the
western volcanic plains in Victoria. Inva-
sion of the Gippsland plains (derived
grasslands) and Monaro high plains can-
not be ruled out although invasion is not
likely on northern plains (Aberdeen 1995,
McLaren et al. 1998). Chilean needle grass
has the potential to range across open
grasslands and grassy woodlands up to
medium-level tree densities. However,
there is not sufficient distribution map-
ping or modelling to have a high level of
confidence in its potential range (McLaren
et al. 1998). The potential for spread and
impact on conservation of the other
Nassella spp. is largely conjecture as they
have not been adequately mapped al-
though most reports of these are from
open grasslands or grassy woodlands.

There is the potential for very high level
impacts of Nassella spp. on conservation
and biodiversity in Victoria because of the
combination of two factors:
• the ability of serrated tussock and Chil-

ean needle grass to invade grassy eco-
systems, and

• the current threatened status of grass-
land and grassy woodland communi-
ties in Victoria, the high number of
threatened species they contain (Anon.
1992) and their continuing decline due
to a range of factors (McDougall and
Kirkpatrick 1994).

The implications for conservation of the
spread and control of the Nassella spp. is
therefore directly related to the mainte-
nance and management of grassy ecosys-
tems in Victoria. The threatened status of
these ecosystems, and the potential con-
servation impact of weeds, are high-
lighted by the recently released state gov-
ernment statement on Victoria’s bio-
diversity (Anon. 1997). For the Volcanic
Plains Bioregion, a community listed on
the Flora and Fauna Guarantee (FFG) Act
(1998) as vulnerable to extinction, the FFG
Directions for Management (p. 42) state
that:

‘The extensive depletion and fragmen-
tation of many of the bioregion’s eco-
systems means that the remaining
areas are highly significant for bio-
diversity conservation… biodiversity
conservation will rely heavily on the
owners and managers of private land
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unknown. Recent studies at LaTrobe Uni-
versity (Ford 1997, J. Morgan personal
communication) and Victoria University
(unpublished data) suggest that nitrogen
and phosphorus, when added to native
grassland remnants, significantly increase
the biomass of weeds. Hocking (1997) sug-
gested that death and decomposition of
native vegetation, brought about by
ploughing or herbicide application, can
cause a flush of available nutrients which
in turn increases the biomass and domi-
nance of weeds over native vegetation.
This possibility is currently under investi-
gation (Wijesuriya and Hocking 1997,
Henderson and Hocking 1997).

Gardener et al. (1996) pointed out the
potential competitive advantages pro-
vided to Nassella spp. by removing other
ground cover using herbicides. ‘Control
methods which create disturbance such as
herbicide application and cultivation re-
move desirable competitive species and
produce ideal conditions for N. neesiana
(Chilean needle grass) germination.’
This highlights the need for planning
when undertaking ground clearing. Par-
ticular consideration must be given to the
replacement species, the techniques used
and how re-establishment of Nassella spp.
from their extensive seed-banks is to be
avoided. A good example of the impor-
tance of competitive ground cover to re-
place serrated tussock removed by herbi-
cides can be found in Phillips (1998).
Other examples from the agricultural
sphere abound for serrated tussock (Miller
1995, Campbell 1997), although Gardener
et al. (1996) suggest that such agricultural
methods may be less effective against
Chilean needle grass.

Of course, use of herbicides against the
Nassella spp. is not negative per se for
grassland conservation. Because of the
need to minimize soil disturbance, appro-
priate use of herbicides has become a pow-
erful tool in the conservationist’s tool kit.
Herbicide use has been successful where
effective competition from native grass
species has been established to overcome
the large seed-bank of Nassella spp.
(Phillips 1998, Hocking and Farley per-
sonal communication). Various herbicides
have been successfully used for selective
removal of serrated tussock from native
grassy swards in both conservation rem-
nants (Phillips 1998, Craig Bray, Organ
Pipes National Park, personal communi-
cation) and pastures with a native grass
component (Campbell 1997). Where there
is low biodiversity, for example in areas of
infestation on the edge of a remnant or
within restricted regions, selective action
of herbicides such as atrazine, simazine
and low rates fluproponate may be useful.
However, these herbicides are likely to
be highly toxic to native forbs, which
constitute the major diversity of most
grassy ecosystems. No testing of selective

herbicides at low rates on forb species has
yet been undertaken.

Until the effects of selective herbicides
on forbs are explored, the reported selec-
tive nature of some herbicides (e.g.
fluproponate) for removal of Nassella spp.
from native grasses cannot be taken as a
rationale for blanket spraying over any
invaded area which might also contain a
significant forb-rich grassy community.

Tree planting
Widespread tree planting for serrated tus-
sock control also threatens grassy ecosys-
tems. Native vegetation surveys and re-
porting could avoid these dangers.

There have been few properly consti-
tuted field trials on the effectiveness of
tree planting for control of serrated tus-
sock. Planning needs to take into account
the previous land management uses of an
area that might affect serrated tussock es-
tablishment, as these are likely to con-
found the trials. Serrated tussock has been
observed growing under and around a
range of trees in shelter belts and other ar-
eas. Trials should consider the effective-
ness of trees in reducing wind-borne ser-
rated tussock spread. Undisturbed land
should be checked for significant native
vegetation which, if managed appropri-
ately, may be a better defence against ser-
rated tussock than the disturbance and
uncertainty associated with planting trees.

There has been a tendency to promote
planting of native trees and shrubs as a
positive ‘environmental’ way of control-
ling serrated tussock (Anon. 1994). Cer-
tainly, where trees or shrubs are chosen as
part of a control program, they should be
local indigenous species. However, any
program in which trees or shrubs are
planted over areas which contain signifi-
cant native grassland ground cover, even
if infested with Nassella spp., is environ-
mentally destructive and contrary to the
Victorian state biodiversity objectives.

For the other Nassella spp., the effective-
ness of tree planting is mostly unknown.
It is not likely to have much effect on re-
ducing the spread of Chilean needle grass
and some of the other Nassella spp. be-
cause, unlike serrated tussock, they have
large seeds that tend not to be wind
blown, but rather transported by animals.
Around Bendigo, Chilean needle grass is
able to grow in wooded areas and appears
to have a considerable tolerance to shade.

Rates of spread and potential
impacts: conservation issues and
opportunities

Serrated tussock
Rapid spread of serrated tussock across
western Victoria is impacting on conser-
vation reserves. In 1992, Craigie and
Stuwe (1992) recognized the importance
of controlling serrated tussock in

conservation areas and called for trials to
establish the most effective methods for
removal. Despite this, most trials in con-
servation reserves in Victoria have been
by unfunded postgraduate and honours
students, with two exceptions, one Com-
munity Grants program, using volunteer
labour from the Friends of the Striped
Legless Lizard (in 1994), and one project
funded by Powernet in 1997. Thus there is
a distinct lack of solid information on ser-
rated tussock control in conservation con-
texts.

In many conservation reserves within
the infested zone in Victoria, serrated tus-
sock is well established and needs to be
removed to prevent further spread, and to
meet legislative requirements. In many
cases it appears to have spread rapidly
into more disturbed (less ecologically in-
tact) conservation areas. Infiltration into
high-grade conservation areas, particu-
larly those dominated by native tussock
grasses, appears slow or even non-exist-
ent, although there is no solid information
to back up anecdotal observations. Re-
search from Victoria University shows a
lack of infiltration into young kangaroo
grass four years after establishment on
sites previously dominated by serrated
tussock (Hocking and Farley personal
communication). There is some anecdotal
evidence that, once serrated tussock be-
comes established amongst native grasses,
it is able to spread slowly. Two possible
explanations for this are:
i. it changes the microhabitat conditions

(e.g. soil moisture) in the immediate vi-
cinity, tipping the competitive balance
in its favour;

ii. its foliage comes to dominates the na-
tive grasses, particularly in drier areas.
While the large seed-bank of serrated
tussock contributes to its potential to
spread, the resistance shown by many
native grassland remnants to invasion,
despite the presence of adjacent ser-
rated tussock-infested areas, suggests
that seed-bank size alone is not the key
to explaining invasion in conservation
contexts.

Removal of serrated tussock from conser-
vation reserves has focused on herbicides
at various rates, and relied on repeated
application to re-sprouting shoots and
new seedlings. Herbicides are usually rec-
ommended because physical removal is
not cost effective, and on a large scale, soil
disturbance leads to increased weed inva-
sion and degradation of native vegetation.

Proposal for action Monitor the rates of
serrated tussock spread into conservation
areas and document the types and extent
of disturbance that enhances its spread.

Comparing with the agricultural context
Serrated tussock is seen as a serious weed
by agriculturists because of the economic
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impacts resulting from its rapid rate of
spread across cultivated farmlands and its
low digestibility by stock.

What conservationists and agriculturists
may have in common To develop an un-
derstanding of why serrated tussock mi-
grates rapidly in disturbed areas, why na-
tive grasses are an effective competitor
when left undisturbed, and how this com-
pares with the competitive relationships
between serrated tussock and introduced
pasture species.

Chilean needle grass
Chilean needle grass is of prime concern
to grassy ecosystem conservationists be-
cause of its overall rate of spread in Victo-
ria, which appears to match that of ser-
rated tussock. It also appears to be actively
invading high quality grassland remnants
at much higher rates than serrated tussock
and to have a greater potential for invad-
ing a range of grassy ecosystems. These
include grassy woodlands, over a wide
range of climatic conditions. Lunt and
Morgan (1998b) have strong circumstan-
tial evidence to suggest that well managed
(frequently burnt) kangaroo grass is more
resistant to Chilean needle grass invasion
than kangaroo grass which has been left
unburnt (and ungrazed) and is senescing.

Proposals for action Monitor the rates of
Chilean needle grass spread into conser-
vation areas and document the types and
extent of disturbance which enhances its
spread.

Comparing with the agricultural context
Chilean needle grass is seen as a more se-
rious weed by conservationists than agri-
culturists because of its ability to actively
invade native grass communities, and
possibly because the economic impacts re-
sulting from its spread across cultivated
farmlands is currently unknown or per-
ceived as low.

What conservationists and agriculturists
may have in common What is the poten-
tial for spread of Chilean needle grass?
What conservation and agricultural im-
pacts is it likely to have in the long term?

Other Nassella spp.
Nassella hyalina, N. leucotricha, and
Achnatherum caudatum now occur at or in
the vicinity of a range of conservation re-
serves in the west of Melbourne and else-
where (McLaren et al. 1998). N. charruana
appears at present to be contained in Vic-
toria, but the potential for seed to escape
from the initial population centre could
see it spread elsewhere soon. The conser-
vation impacts of these species are cur-
rently unknown. N. leucotricha and N.
hyalina appear to be spreading, especially
in wetter areas within open native

grasslands and their potential impact on
the biodiversity of gilgais (rocky depres-
sions) and wet grassland areas has been
noted (P. Wloderczic personal communi-
cation). No formal observations or trials
investigating control methods have been
conducted on any of these Nassella spp.

Proposals for action Monitor the rates of
spread of these Nassella spp. into conser-
vation areas and document the types of
communities which are being affected, the
extent of the impacts and establish trials to
test effectiveness of control methods.

Comparing with the agricultural context
These Nassella spp. are currently not seen
as an agricultural threat, even though
their origins are the same as serrated tus-
sock and Chilean needle grass. Some may
turn out to have an equivalent or even
greater impact on agricultural production.

What conservationists and agriculturists
may have in common The conservation-
ists have been the group to identify and
bring to notice the spread of Nassella spp.
other than serrated tussock. Some early
action to document the rate of spread of
other Nassella spp. in known areas is re-
quired, as is work with agriculturists to
determine potential agricultural as well as
conservation impacts. Methods for control
(or elimination) are necessary to prevent a
repeat of the serrated tussock experience.

Methods for control: conservation
issues and opportunities

Serrated tussock
Serrated tussock can be killed by a range
of herbicides that are effective in the con-
servation context. Glyphosate is often
used for clearing serrated tussock prior to
establishment of native grasses, because of
its low residuality. For conservationists,
herbicide rate used is not as much of a cost
issue as in agriculture, so higher applica-
tion rates are often possible. What is im-
portant is to find methods which are not
labour intensive and which provide long-
term protection, and have a healthy sward
of native vegetation resistant to invasion.

Selective herbicides (e.g. atrazine,
simazine) are useful and practical where
removal is from kangaroo grass. Selectiv-
ity is probably equivalent on other C4
grasses. Recent trials on serrated tussock
and Chilean needle grass at Derrimut
Grassland reserve suggest that their selec-
tive removal from a kangaroo grass
sward, where Chilean needle grass consti-
tutes <50% of the mature tussocks, can
lead to stimulation of kangaroo grass
growth and ongoing suppression of ser-
rated tussock and Chilean needle grass
establishment. Trials are under way at
Victoria University to ascertain the short-
and long-term effectiveness of these

herbicides. Problems arise where there is
a need for removal of serrated tussock and
other Nassella spp. from amongst C3
grasses and forbs. Campbell (1997) re-
ported that fluproponate (Frenock) at low
rates is able to selectively remove serrated
tussock and leave native grasses, includ-
ing Themeda triandra, Bothriochloa macra
and Poa labilliardieri, although Danthonia
spp. and Microlaena stipoides were killed.
He suggested the possibility that even
lower rates might selectively remove ser-
rated tussock from amongst these species.
Serrated tussock has been removed and
replaced by kangaroo grass in plot trials
on several sites in the vicinity of St. Albans
campus, using the ‘spray and hay’ method
described in Phillips and Hocking (1996).
In a re-evaluation in late 1997 of plots es-
tablished with substantial cover of kanga-
roo grass in 1993 and in 1995, and burnt in
April of 1997, it was found that the cover
of kangaroo grass had been maintained
(Hocking and Farley personal communi-
cation). Serrated tussock had been unable
to infiltrate the young kangaroo grass
thatch, despite the surrounding sea of ser-
rated tussock into which the trial plots had
been placed. This is a key piece of evi-
dence that kangaroo grass is highly resist-
ant to serrated tussock invasion, at least
over the short- to mid-term.

Proposals for action Field trials to deter-
mine how effective a range of herbicides
are for selective removal of serrated tus-
sock and their effects at various rates on
forb survival.

Comparing with the agricultural context
Both conservationists and agriculturists
are concerned with replacing serrated tus-
sock with competitive alternatives and
selectively removing seedlings and indi-
vidual plants from amongst grassy
swards.

What conservationists and agriculturists
may have in common Where herbicides
are used, control of serrated tussock usu-
ally involves the establishment of com-
petitive grass species i.e., the competitive
nature of exotic pasture grasses at high
available nutrients, native pasture grasses
at medium nutrient levels and native
grass sward in conservation remnants at
low nutrient levels need to be compared.

Chilean needle grass
Chilean needle grass appears to be more
resistant to herbicide control than serrated
tussock. In trials at several sites on the out-
skirts of Melbourne atrazine was found to
be effective. Glyphosate sprayed in Au-
gust, caused initial brown-off, but did not
prevent subsequent shooting of mature
tussocks in the following autumn (Dare
1997). Gardener (personal communica-
tion) reports that in NSW the best time to
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spray is autumn, and suggests that sur-
vival from winter/spring spraying may
be due to lower plant metabolism follow-
ing their growth phase and the approach
of flowering.

Chilean needle grass is probably more
difficult to control in conservation areas as
it is more common in lower-lying, wetter
areas. Many of these areas support a high
density of rare or threatened species
whereas rare species which prefer drier
grassland areas tend to be more evenly
distributed amongst the grassy sward.
Use of the residual selective herbicides
atrazine and simazine in, or in the vicinity
of, the lower-lying, wetter microhabitats is
likely to lead to a high-level impact on any
plant species in these sites.

Proposals for action Selective removal of
Chilean needle grass using a range of her-
bicides, including atrazine, simazine,
fluproponate and glyphosate (the last two
at low rates), and effects of these herbi-
cides at various levels on forb survival.

Comparing with the agricultural context
Both conservationists and agriculturists
are concerned with replacing Chilean nee-
dle grass with competitive alternatives,
selectively removing its seedlings and in-
dividual plants from amongst grassy
swards and assessing the effectiveness of
using competition from grasses that sup-
press its germination and growth.

What conservationists and agriculturists
may have in common The effectiveness
and timing of herbicide applications in a
range of contexts need to be investigated;
the competitive nature of exotic pasture
grasses at high available nutrients, native
pasture grasses at medium nutrient levels
and native grass sward in conservation
remnants at low nutrient levels for sup-
pression of Chilean needle grass need to
be compared.

Other Nassella spp.
Little is known about either the potential
for control by herbicides or the response
to selectivity, in the context of native C4
grasses, of other Nassella spp. Urgent at-
tention needs to be paid to control mecha-
nisms in conservation contexts for these
Nassella spp.

Conservationists and agriculturists
need to combine forces to investigate the
basic biology of these Nassella spp., and
the effectiveness of various control meas-
ures.

Burning and grazing – comments on
two special types of land
management
Burning does not remove serrated tussock
or Chilean needle grass, but it can help re-
duce fire risk, prevent or minimize seed-
ing and increase the effectiveness of

subsequent herbicide applications (if only
to reduce the amount of biomass to be
sprayed and expose the ground for root-
acting herbicides). Burning can also help
expose individual Nassella plants for selec-
tive application of herbicides or physical
removal. Burning is also generally good
and even required for grassy ecosystem
management, especially in the absence of
grazing (native or introduced). Recent as-
sessments by Lunt and Morgan (1998a,b)
show that, in the absence of burning or
grazing for more than five years, kanga-
roo grass can become senescent and die.

Little is known about the impacts of
grazing on native grassland integrity, al-
though removal of grazing, in the absence
of other biomass reduction mechanisms
such as fire, is clearly detrimental (Lunt
and Morgan 1998a,b). Extrapolation of
these studies and extensive anecdotal evi-
dence suggest that grazing might play a
useful part in maintenance of biodiversity.
Grazing in the presence of Nassella spp.
can be a two-edged sword, e.g. for ser-
rated tussock, grazing is generally consid-
ered to be of little value because stock
avoid the unpalatable serrated tussock
and remove grassy competitors.

A final plea and a rationale for co-
ordinated action
Effective control measures for a weed
arise out of an understanding of its biol-
ogy. In this sense how to effectively deal
with a weed is similar from either a con-
servation or agricultural context. Neither
farmers nor conservationists will be
happy if Nassella spp. are not effectively
controlled in the province of the other.

One approach is to bring together a va-
riety of people with a range of approaches
– conservationists will see control meth-
ods in different contexts from agricultur-
ists, and the two groups will tend to frame
questions and seek solutions in somewhat
different ways.

Such co-operation will come at a cost.
Often it will seem simpler and quicker if
we proceed purely out of narrow agricul-
tural or conservation interests. We cannot
take actions that are a short term benefit
for one group, at the expense of the other.
Such actions will not produce lasting re-
sults. The notion of co-operation is em-
bodied in the concept of integrated land
manager, already part of the management
structures of the Department of Natural
Resources and Environment, and in the
focus and operations of many Landcare
groups. We need to ensure that we fight
weeds (and maybe also the slow-footed
bureaucrats), but not each other.
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Summary
Serrated tussock control does not stop
with killing mature plants. It is the first
step in an integrated program of control.
The focus has shifted to providing farm-
ers with methods to kill the millions
of seedlings that germinate, mainly
through promoting pasture competition
and the strategic use of herbicides.

Introduction
Research to develop new control strate-
gies that will make it easier and cheaper
for farmers to prevent serrated tussock
from heavily impacting on their lives is
being carried out in the Geelong and
Bacchus Marsh regions. Research is focus-
ing on killing serrated tussock, replacing
it with competitive and valuable plant
species and developing management sys-
tems to keep re-infestation to a minimum.
This work commenced in 1997 using ex-
isting knowledge from New South Wales
(NSW) and New Zealand.

Killing serrated tussock
Biological control may have a place in the
future for controlling serrated tussock but
until then herbicides will remain the
method of choice.

Using Frenock
Frenock is a selective herbicide that will
kill serrated tussock, but its cost and dam-
age to non-target species when blanket
spraying causes concern amongst
landholders. As Frenock is our biggest
weapon against serrated tussock it is im-
portant to understanding what it kills,
how it works and how it can best be used.

Subclover, annual grasses and some
native grasses including spear, wallaby
and weeping grass are susceptible to
Frenock when applied in summer at a rate
of 2 L ha-1. However, it will not kill im-
proved pasture species such as, phalaris,
cocksfoot, tall wheat grass or lucerne or
the native grasses, silver tussock, kanga-
roo grass and red leg grass (Campbell et
al. 1979, Campbell and Van de Ven 1996).
This herbicide is best applied in summer
after subclovers and annual grasses have
set seed and when improved grasses are
dormant. Application at this time will not
stop serrated tussock from seeding as it is
slow acting. To stop seed set, Frenock
must be applied prior to August (Camp-
bell et al. 1979).

Some farmers add glyphosate to
Frenock to get a faster kill although this
use is not registered. It was observed that
Frenock’s activity was adversely affected

Management of serrated tussock in farming areas

Lisa Miller, Department of Natural Resources and Environment, Geelong,
Victoria 3220, Australia.

by glyphosate when its rate was reduced
below 2 L ha-1 (M.H. Campbell personal
communication). Diquat is registered to be
applied with Frenock to achieve a quicker
kill and in effect mark the sprayed plants
(ICI 1990).

How long Frenock will continue to kill
serrated tussock seedlings after spraying
depends on the amount of organic matter
in the soil, including serrated tussock
leaves, which adsorb it and the amount of
heavy rainfall which washes Frenock
from the root zone of germinating seed-
lings. Under normal conditions, residual
activity may last about a year. However, if
serrated tussock is burnt and leaves re-
moved, then the residual activity of
Frenock will be reduced. Generally, blan-
ket spraying of Frenock with no follow up
means serrated tussock will return and
seed in four to five years. Frenock is also
adsorbed by seeds but will not kill them
unless they germinate before the herbicide
wears off.

Research is focusing on finding the
minimum rates and application times of
Frenock required to kill serrated tussock
and its affects on non-target species on the
main soil types in the Geelong area.
Frenock has been successfully applied us-
ing rotowiping in NSW, this will be fur-
ther tested in Victoria (Campbell 1997a).

Killing seedlings with Frenock
After mature plants are killed, millions of
seedlings germinate. Most die through
competition with each other and other
pasture species although some will sur-
vive. However, rather than wait five years
for tussock to take over before ripping the
paddock, seedlings could be removed in
the first two years using low rates of
Frenock. Campbell (1997b) found that
Frenock applied in spring at 0.5 L ha-1 and
0.75 L ha-1 to an 18 month old improved
pasture selectively killed 95% and 100% of
seedlings respectively. Further work is be-
ing carried out in NSW and Victoria at
Toolern Vale where Frenock has been ap-
plied from 0.1–1.0 L ha-1 over varying
sized serrated tussock plants.

Using glyphosate as a knockdown prior
to pasture establishment
The disadvantage of using Frenock in a
pasture renovation program is the extra
cost of applying glyphosate to kill other
weeds prior to establishment. A program
is being developed to overcome this. It in-
cludes burning serrated tussock in late
winter and then spraying green regrowth
in the following autumn/winter with


