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Summary
Temperate native grasslands are extreme-
ly fragmented, isolated and are often small 
and have high edge to area ratios. Con-
sequently, they are susceptible to weed 
invasion particularly in urban landscapes 
where there is an abundance of weed prop-
agules and high rates of exogenous distur-
bance. This paper reviews the processes 
that lead to weed invasion in native grass-
lands and presents management strategies 
that can be implemented to reduce it. Man-
agement strategies need to reduce nutrient 
inputs and exogenous disturbances while 
maintaining regular burning. Managing 
weeds in the surrounding landscape and 
protecting native grasslands with buffers 
are also important.

Introduction
Temperate lowland native grasslands are 
amongst the most endangered ecosystems 
in Australia. Prior to European settlement 
there was approximately two million hec-
tares in southeastern Australia, but today 
less than 0.5% remains intact (Kirkpatrick
et al. 1995). In the past, large areas of native 
grassland were destroyed by agricultural 
development, particularly the widespread 
application of super-phosphate fertilizers 
and sowing of introduced species for pas-
ture improvement (Kirkpatrick et al. 1995). 
Recently the expansion of Australia’s cit-
ies has threatened many of the few areas of 
native grassland remaining (ACT Govern-
ment 1997, Williams et al. 2005).

As the suburbs of Melbourne, Can-
berra, Geelong and other regional centres 
continue to expand increasing pressure 
will be placed on the remaining native 
grasslands, many of which are small and 
isolated. Urbanization can adversely im-
pact native grasslands in many ways. 
Grassland sites can be directly destroyed 
by urban development or degrade due 
to many processes most of which lead to 
weed invasion. In Melbourne, between 
1985 and 2000, development destroyed al-
most 1700 ha of native grassland while a 
similar amount (1469 ha) was lost to weed 
invasion (Williams et al. 2005). 

Native grasslands in urban landscapes 
are potentially more prone to weed inva-
sion than those in rural landscapes. The re-
duced frequency of natural disturbances, 
such as fi re, and the increased probability 

of exogenous, unnatural disturbances due 
to more intense human use are likely to 
facilitate weed invasion. In addition, ur-
ban landscapes support a greater diversity 
of exotic species with increased dispersal 
ability that are potentially available to es-
tablish in urban grasslands (Moran 1984). 
Consequently, urban grassland remnants 
may require higher management inputs 
to control and prevent weed invasion than 
rural grasslands. Although after the initial 
eradication program ongoing weed con-
trol costs may be relatively low (Beames 
2005) 

It is therefore important that managers 
of native grasslands in urban areas under-
stand the processes that lead to weed inva-
sion. This paper reviews these processes 
and presents a range of management strat-
egies that can be utilized by land manag-
ers to minimize weed invasion. These in-
clude reducing nutrient inputs, prevent-
ing soil disturbance, establishing a regular 
program of controlled burns, adequately 
buffering urban grasslands from the sur-
rounding landscape and managing the 
landscape matrix to reduce the availabil-
ity of weed propagules. It focuses on ur-
ban grasslands because they face a greater 
number of potential threats, but many of 
the ideas presented are also applicable 
to grasslands in rural areas. Methods to 
control weeds already established in na-
tive grasslands are presented elsewhere in 
this issue and in the literature (Campbell
et al. 2002, Davies 1997, Hitchmough et al.
1994). 

Reduce nutrient inputs
Increased levels of nutrients, particularly 
nitrogen and phosphorous, have been 
shown to promote weed invasion in many 
Australian ecosystems (Specht 1963, Cle-
ments 1983, Hobbs et al. 1988). Native 
grasslands are no exception. Morgan 
(1998) found that soil concentrations of 
phosphorous at an urban grassland were 
higher at the edge than the interior of the 
site. Species richness and cover of exotic 
species was strongly correlated with in-
creased soil phosphorous levels while the 
cover of native species was negatively cor-
related. Preventing the addition of nitro-
gen and phosphorous to grasslands will 
reduce weed invasion. 

Household and stormwater drains 
should never be directed on to grasslands 
as these will introduce nutrients and weed 
propagules to sites. Designing roads and 
footpaths surrounding grasslands so that 
they slope away from the grassland will 
further limit runoff containing pollutants 
and nutrients, such as dog faeces, from 
entering sites. Household rubbish, gar-
den clippings or animal carcasses are also 
nutrient rich and have caused weed inva-
sions when dumped on native grasslands 
(Kirkpatrick et al. 1995). 

Nitrogen fi xing invasive species can in-
crease soil nutrient levels and initiate feed-
back cycles that further alter vegetation 
community composition (Vitousek and 
Walker 1989, Maron and Connors 1996). 
Vegetation surveys of grassland remnants 
suggest that the cover of exotic species is 
higher beneath the canopy of the intro-
duced nitrogen fi xing Western Australian 
wattle Acacia saligna (N. Williams unpub-
lished data), a common weed of grasslands 
along railway lines in Victoria. Research in 
South Africa has shown that this species 
can increase the level of nitrogen in the soil 
and the growth of exotic grasses (Yelenik
et al. 2004). Consequently, the removal of 
exotic nitrogen fi xing shrubs from grass-
lands is recommended as it should reduce 
soil nitrogen levels and limit weed inva-
sion. For best results plants should be cut 
down immediately prior to a controlled 
fi re. Control of other nitrogen fi xing spe-
cies such as clovers (Trifolium spp.) should 
also be investigated.

Soil nutrient levels can be reduced 
through the addition of carbon in the 
form of sawdust or sugar. Research in the 
prairies of North America has found that 
increasing the soil carbon to nitrogen ra-
tio induces soil microbes to immobilize 
greater amounts of available nitrogen. 
This in turn leads to reduced growth of 
weeds and increased growth of native 
species (Baer et al. 2003, Blumenthal et al.
2003). This technique is commonly used 
for prairie restoration in the United States, 
has been trialled successfully in Austral-
ian grassy woodlands (Prober et al. 2004) 
and should be investigated as a restoration 
and weed control method in Australian 
grasslands. 

Prevent soil disturbance
The inter-tussocks spaces of regularly 
burnt native grasslands are covered by a 
continuous bryophytic crust or mat com-
posed of liverworts, mosses, lichens and 
algae (Scarlett 1994). Scientifi c evidence 
suggests that disturbing grassland soils 
damages the bryophytic crust which may 
facilitate weed invasion (Morgan in press). 
Large scale soil disturbance (digging to a 
depth of 15 cm) resulted in a rate of nitro-
gen mineralization fi ve times higher than 
undisturbed grassland due to increased 
aeration, light availability, water fi ltration 
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and decaying vegetative material in the 
soil (Wijesuriya et al. 1999). This led to the 
invasion of exotic broad-leafed herbs and 
annual grasses to the exclusion of native 
species. This research suggests that the 
intense physical soil disturbance associ-
ated with the laying of pipelines or utility 
cables across grasslands must be avoided 
wherever possible, as they are unlikely to 
recover despite intensive remediation and 
restoration efforts (McMahon et al. 1990, 
Todd 1991)

Small scale disturbance can also trig-
ger weed invasion. Seed of exotic species 
sown in grasslands burnt the previous year 
had a signifi cantly higher germination 
rate when the soil crust had been lightly 
disturbed compared to intact soil crusts. 
Native species did not show the same 
response (Morgan in press). This may be 
because native species have mechanisms, 
such as awns or mucous gels, which en-
able germination on, or penetration of the 
soil crust. Most exotic species lack these 
mechanisms, and low soil moisture in the 
inter-tussock spaces of intact grasslands 
prevents successful germination. Break-
ing the soil crust is thought to improve 
soil to seed contact and allow moisture 
and nutrients to become more available 
increasing germination rates (Morgan in 
press). 

Disturbance to the soil crust is often 
accidental or occurs due to ignorance. A 
number of strategies can be implemented 
to prevent it occurring. Natural areas in cit-
ies and on the urban-rural fringe are likely 
to experience higher rates of detrimental 
or illegal activities such as the dumping of 
cars, garden and building waste, vandal-
ism, illegal vehicle access, rock removal 
and the formation of informal pedestrian 
tracks by repeated trampling (Matlack 
1993, Stenhouse 2004). Fencing sites and 
closing vehicle access tracks prevents or 
reduces these problems (Stenhouse 2004) 
and will also reduce soil compaction and 
weed spread by vehicles. Careful siting 
of gates, fencing or bollards can prevent 
grasslands being used as pedestrian short-
cuts. Rather than being built on areas of 
native vegetation they should be incorpo-
rated into buffer zones around grasslands 
to preserve the largest remnant area pos-
sible. 

Erecting signs identifying sites as valu-
able native grasslands will notify the pub-
lic and more importantly staff and con-
tractors of councils, road and rail authori-
ties and utility companies that disturbance 
must be avoided. Attractive interpretation 
signs and noticeboards can be established 
at grasslands in residential areas to edu-
cate and engender community support. 
At urban grasslands intensively used for 
education and interpretation, hardened 
paths can be constructed through degrad-
ed areas. In high quality sites visitor access 
should be restricted to the perimeter or 

the construction of raised fi reproof metal 
boardwalks considered. 

Burn at least every three years 
The importance of regular fires to the 
maintenance of native plant species diver-
sity in the grasslands of the Victorian vol-
canic plain has been demonstrated by nu-
merous scientifi c studies (Lunt et al. 2002 
and references therein). Without regular 
biomass removal, the dominant kangaroo 
grass (Themeda triandra) develops a thick 
canopy and litter layer that prevents most 
light from reaching the soil surface. This 
can competitively exclude many of the 
perennial herbs that grow in inter-tussock 
spaces and can also lead to the loss of the 
bryophytic crust that protects grasslands 
from weed invasion. Because grassland 
plants have a small transient seed bank, 
unlike many other Australian ecosystems, 
recruitment is not directly promoted by 
fi re but requires the gaps created by burn-
ing. Flower and seed production is also 
increased following fi re (Lunt et al. 2002).

The extended absence of fi re for peri-
ods greater than fi ve years can lead to the 
total loss of native grasslands as Themeda
tussocks collapse and die due to shading 
by accumulated leaf litter (Morgan et al.
1999). As the leaf litter and tussocks de-
compose nutrients are released promot-
ing the invasion of perennial exotic weeds 
and resulting in dramatic changes in 
grassland species composition (Lunt et al.
1999). Conversely, maintaining a healthy, 
actively growing sward of kangaroo grass 
through regular biomass removal has been 
shown to limit the establishment of seri-
ous invasive weeds, such as Chilean nee-
dle grass (Nassella neesiana) and serrated 
tussock (Nassella trichotoma) (Badgery et al.
2002, Lunt et al. 2000).

Prescribed burning can be used to con-
trol weed invasion by exploiting differenc-
es in the ecology of native and exotic spe-
cies. Exotic annual grasses, such as Briza, 
Bromus and Avena, are often serious weeds 
of grassy ecosystems that can negatively 
affect native perennial grasses and herbs 
(Lenz et al. 2003). Unlike many native 
perennial grasses that are summer grow-
ing, exotic annual grasses germinate and 
grow in late autumn and spring. Burning 
grasslands in spring has been shown to 
destroy the seed crop of exotic grasses, re-
ducing their abundance and favouring the 
establishment of native species (McMahon 
1991, Thiele et al. 2004).

Weed control in native grassland is 
often easier following controlled fires. 
Staff at the Merri Creek Management 
Committee use fi re to prepare areas for 
the targeted application of herbicide. 
Compared to unburnt grasslands where 
the foliage of native plants and weeds is 
often overlapping, plants resprouting af-
ter fi re are smaller, with discrete tussocks 
and are actively growing. This allows spot 

spraying that minimizes off-target dam-
age and increases herbicide effectiveness 
(Bush et al. 2003). Frequent burning can 
also limit weed invasion by reducing 
soil nutrient levels, particularly nitrogen, 
through volatilization and the addition of 
carbon to the soil ( Stock and Lewis 1986, 
Brye et al. 2002).

Buffers
Because the landscape matrix surround-
ing remnant vegetation can have negative 
impacts on conservation reserves, espe-
cially in urban areas, it is often advocated 
that conservation reserves are surrounded 
by buffers that can absorb some of the 
detrimental impacts originating from the 
matrix (Noss and Harris 1986). The width 
of the buffer zone required will vary de-
pending on the attributes of the species or 
community of conservation concern. For 
example some grassland birds may re-
quire distances greater than 2 km to buffer 
them from busy roads (Reijnen et al. 1996) 
and amphibians and reptiles need 130–290 
m buffers around wetlands (Semlitsch and 
Russell Bodie 2003). When planning new 
housing or commercial developments in 
the vicinity of native grasslands the man-
datory comprehensive fl ora and fauna sur-
veys will determine the biological values 
of the grassland that need to be protected 
by buffer zones. The following discussion 
refers only to buffers needed to protect 
grassland vegetation.

Recent research investigating edge ef-
fects along linear native grassland rem-
nants suggests that weeds characteristic 
of grassland edges will penetrate up to 
8 m in rural landscapes (N. Williams un-
published data). Non-native species oc-
cur throughout grasslands in urban areas. 
This may be due to a greater availability of 
propagules that penetrate larger distances 
at urban grasslands and frequent distur-
bances to the interior of urban remnants 
(N. Williams unpublished data). Another 
study found edge effects associated with 
increased soil nutrient levels extended 
10–20 m into an urban grassland remnant 
(Morgan 1998). Consequently, the width 
of buffer zones to protect urban native 
grasslands from weed invasion should be 
at least 15 m and incorporate a fence or 
bollards that deter or prevent disturbance 
to the interior of the grassland. Buffer 
zones should be established by restoring 
degraded grassland beyond the perimeter 
of the remnant to be protected, not by des-
ignating the remnant margins as a buffer 
zone. This will ensure the largest possible 
patch of remnant vegetation which will 
comprise the core habitat of any reserve. 

It is important that the design of the 
buffer zone is properly considered. The 
necessity of regular fi res requires that na-
tive grasslands are surrounded by non 
fl ammable surfaces. In rural areas bare 
earth fi rebreaks are utilized but in urban 
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areas the concrete or asphalt of narrow 
roads and footpaths are more appropriate 
as they require less maintenance and do 
not provide a surface that can be colonized 
by weeds. The road or footpath needs to be 
wide enough to be an effective fi rebreak 
and enable the safe operation of four 
wheel drive vehicles typically used as fi re 
fi ghting vehicles by parks departments. 

Vegetation can be planted in buffer 
zones to limit weed invasion. Plantings 
of indigenous species that are able out-
compete exotic species for light, mois-
ture and nutrients in grassland buffer 
zones will reduce the ability of weeds to 
become established on grassland edges 
and from there invade the interior of 
sites. Kangaroo grass (Themeda triandra), 
spiny-headed mat-rush (Lomandra longi-
folia), common tussock grass (Poa labillar-
dieri) and black anther fl ax-lily (Dianella 
revoluta) are grassland species that have 
been observed to suppress weed growth 
when planted at high densities. Trees such 
as drooping sheoak (Allocasuarina verticil-
lata) or indigenous eucalypts (i.e. Eucalyp-
tus macrocarpa) can also be used in buffers 
as they reduce growth and germination of 
dominant grasses and allow a greater di-
versity of native herbs (Prober et al. 2002). 
However, the planting of trees should be 
carefully considered as they can hinder 
controlled burns and may confuse the 
community’s expectations of native grass-
lands.

It is important that the materials used to 
construct fences or bollards are fi re resist-
ant. The Evans Street Grassland in Sunbury 
has a picket fence as part of its boundary. 
While attractive, this fence is impractical 
because it prevents controlled burns from 
extending across the entire width of the 
site and requires a mown fi rebreak within 
the grassland. These limitations have con-
tributed to higher weed abundance on the 
edge closest to the picket fence (Morgan 
1998). Spreading a low nutrient mulch, 
such as granitic sand, between plantings 
and around fence posts or bollards will 
facilitate burning to site edges and further 
reduce weed growth.

Managing the matrix
Protection and management of fl ora and 
fauna within patches of remnant vegeta-
tion in fragmented landscapes may not be 
enough to ensure their long term survival. 
The successful conservation of small na-
tive grasslands and other ecosystems in 
urban areas will require the management 
of threats originating in the surround-
ing landscape matrix. Weed invasion is a 
prime example of this. Many of the weeds 
present in urban grasslands invade from 
unmanaged ‘wastelands’ such as vacant 
lots and railway verges or have escaped 
from residential gardens. Control of these 
species in the urban matrix and the edu-
cation of gardeners not to grow them are 

important for the long-term protection of 
grasslands and other remnant vegetation 
in urban areas.

It is particularly important to man-
age areas surrounding native grasslands 
during the construction of housing or in-
dustry. Experience has shown that unless 
construction is well supervised and con-
struction personnel are aware of the value 
of the native grassland damage will occur 
(Judy Bush personal communication). 

Finally, it is important that native 
grasslands are not used as the public open 
space offsets required in many develop-
ments but are instead placed in conserva-
tion reserves. This will minimize negative 
impacts and promote their conservation 
value. Native grasslands preservation is 
generally not compatible with public open 
space requirements. Open space is often 
desired by the public for active recreation. 
However, this requires mown grass for 
ease of movement and public safety (e.g., 
ability to see snakes) and frequently results 
in soil disturbance (e.g., jogging paths), 
both of which are incompatible with the 
preservation of native grasslands. The in-
adequate provision of true open space can 
also lead to nearby residents not support-
ing the presence of the native grassland as 
they would prefer to have an area where 
they can walk the dog or their children 
can play.

Conclusions
We have to accept that some exotic spe-
cies will be always present in native grass-
lands. For example, it will be impossible to 
eradicate generalist species that have non 
specifi c germination and environmental 
requirements (i.e., Aira spp, Romulea rosea, 
Vulpia bromoides) (Morgan 1998). However, 
research and the experience of land man-
agers have increased our understanding 
of the ecology of native grasslands so that 
we now know the processes that facilitate 
weed invasion. Reducing nutrient inputs, 
limiting exogenous disturbance and burn-
ing at least every three years will limit 
weed invasion. Protecting grasslands with 
buffers and management of the surround-
ing landscape will also assist. Given suf-
fi cient support and resources, by taking 
action to mitigate or eliminate these proc-
esses, grassland managers can prevent 
new weed invasions and embark on the 
restoration of one of Australia’s most en-
dangered ecosystems.
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Concern about the invasion of pastures in 
southeastern Australia by Nassella neesi-
ana (Chilean needle grass) began to mount 
in the 1970s. Native to temperate South 
America, N. neesiana can completely over-
run pastures resulting in canopy cover of 
up to 60%. Such infestations lead to a sub-
stantial reduction of stock carrying capac-
ity during late spring and summer when 
the weed produces large quantities of un-
palatable fl ower stalks. By the 1990s many 
farmers in New South Wales and Victoria 
found that they had expanding cover of 
N. neesiana in their paddocks. Moreover, 
the weed has been invading conserva-
tion areas comprising native grasslands, 
grassy woodlands and riparian vegetation 
in many areas. 

The main problem encountered in the 
management of pastures dominated by N. 
neesiana is the production of large num-
bers of unpalatable fl ower stalks during 
summer, which are actively avoided by 
stock, and have sharp seeds which can 
penetrate the hides of sheep. As N. nee-
siana is palatable for much of the year, 
grazing management of this species has 
been identifi ed as a potential management 
tool requiring investigation. The project 
aims to maximize the feed utilization of 
N. neesiana, whilst limiting the production 
of viable seeds, using a range of cultural 
techniques and grazing strategies that in-
corporate different classes of stock. This 
experiment evaluated the feed value of 
N. neesiana, when compared with Dactylis 
glomerata (cocksfoot), under clipping and 
fertilizer regimes during the reproductive 
growth stages. 

Regrowth of both N. neesiana and D. 
glomerata plants in the clipping treatment 
had signifi cantly greater amounts of crude 

protein (P <0.05), metabolizable energy (P 
<0.05) and digestible dry matter (P <0.05) 
than the unclipped plants. The differ-
ence between the levels of crude protein, 
metabolizable energy and digestible dry 
matter in N. neesiana and D. glomerata be-
came signifi cant at day 63 (P <0.005), with 
only crude protein remaining signifi cant 
at day 78 (P <0.005). Both species had sig-
nifi cantly less neutral detergent fi bre (P 
<0.05) and total plant dry matter (P <0.05) 
than the unclipped plants. The difference 
between the species total plant dry matter 
content was signifi cant at day 37 (P <0.05) 
followed by neutral detergent fi bre at day 
63 (P <0.05).

The application of nitrogen fertilizer 
on the clipped N. neesiana plants (92 kg N 
ha-1, two split applications) resulted in the 
regrowth at day 63 having signifi cantly 
more crude protein (P <0.05), metaboliz-
able energy (P <0.05) and digestible dry 
matter (P <0.05), with signifi cantly less 
neutral detergent fi bre (P <0.05), than N. 
neesiana plants of the unfertilized clipped 
treatments. D. glomerata plants were more 
responsive to the initial nitrogen fertilizer 
application with regrowth having signifi -
cantly greater amounts of crude protein 
(P <0.05), metabolizable energy (P <0.05) 
and digestible dry matter (P <0.05) with 
signifi cantly less neutral detergent fi bre (P 
<0.05) from day 37, when compared to the 
unfertilized clipped treatments. The dif-
ference between the level of crude protein 
for the two species was signifi cant follow-
ing each fertilizer application (P <0.05).

The effects of clipping and fertilizer 
addition signifi cantly improved the feed 
value of N. neesiana, making the grass 
more palatable and potentially able to be 
utilized in a rotational grazing system.

Effect of clipping and fertilizer addition on the feed 
value of Nassella neesiana (Chilean needle grass) 
during reproductive growth stages

Charles GrechA,D,E, David McLarenB,E, David ChapmanC and Brian M. 
SindelD,E

A Department of Primary Industries, 475 Mickleham Rd, Attwood, Victoria A Department of Primary Industries, 475 Mickleham Rd, Attwood, Victoria A

3049, Australia.
B Department of Primary Industries, PO Box 48 Frankston, Victoria 3199, 
Australia.
C School of Agriculture and Food Systems, The University of Melbourne, 
Victoria 3010, Australia.
D School of Rural Science and Agriculture, The University of New England, 
Armidale, NSW 2351, Australia.
E Cooperative Research Centre for Australian Weed Management.


