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Abstract

The indigenous grass Lachnagrostis filiformis (Fairy Grass) has colonised extensive
areas of dry lakebeds in western Victoria, Australia, during the current (1997–)
drought. Large numbers of the plants’ detached seed heads disperse in the wind and
lodge against housing, fences, railway lines and other obstacles. This accumulation
of plant material creates a fire hazard, degrades township aesthetic values and
presents a nuisance to communities of lakeside towns. The effects of current
measures to control blown L. filiformis seed heads both in the short and long-term
are unclear. This study aimed to examine the effects of various control methods on L.
filiformis infestations and associated plant species in the short and long-term and to
develop a potential long-term solution.
In this study, late season application of Glyphosate based herbicide, slashing, seed
broadcasting of Atriplex australasica and Puccinellia perlaxa, grazing and burning
were examined. The competitive interactions of A. australasica, P. perlaxa and L.
filiformis were also trialled along a soil moisture gradient under controlled conditions
to assess the suitability of these species in seed broadcasting trials.
The results showed that whilst herbicide and slashing are effective methods for
controlling blown L. filiformis seed heads in the short-term, they fail to prevent
subsequent reinvasion. Late application herbicide resulted in increased foliage cover
and seed head biomass of L. filiformis by up to 37% and 150%, respectively, in the
year following treatment application. The effect of grazing varies, but can result in
increased foliage cover of L. filiformis. Out-competing L. filiformis through seed
broadcasting of the natives P. perlaxa and A. australasica was not successful in this
study. They are not competitively superior to L. filiformis as seedlings, and may
therefore not be suitable for seed broadcasting as competitors where they are
subject to intense competition from L. filiformis seedlings. Lachnagrostis filiformis
plants and seeds were observed to survive controlled burns making the long-term
effectiveness of burning doubtful.
The results highlight how weed management aimed at achieving short-term goals,
without controlling the ecological processes that promote a weeds establishment and
persistence, can be counter productive in the long-term.
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Chapter 1
Introduction

A unique weed problem in Victoria
During the current (1997–) drought in the State of Victoria, Australia, the water levels
in many lakes and swamps began to recede. This left vast areas of bare moist soil
and a new habitat for terrestrial plants. The first species to colonise many of these
exposed lakebeds was Lachnagrostis filiformis (G.Forst.) Trin. (syn. Agrostis
avenacea J.F.Gmel), commonly known as Fairy Grass, Common Blown Grass or
Pacific Bentgrass. This indigenous grass produces large seed heads (panicles)
which detach at maturity to be dispersed by wind over long distances (Figure 1).
Since the species is able to establish in high densities across considerable areas of
lakebeds, large numbers of detached blown seed heads lodge against fences,
railway lines, machinery and buildings around the lake (Figure 2 & 3). According to
Poussard (2004), this build-up of material has given rise to a number of problems in
the past, including:
x

creating a fire hazard,

x

degradation of township aesthetics,

x

crop contamination,

x

equipment damage, as seed heads block tractor radiators, air intakes and
drive shafts,

x

damage to fences, caused by the increased wind resistance from the build up
of seed heads against these structures,

x

safety hazard, as large numbers of the seed heads blow across major
highways affecting visibility,

x

contamination of swimming pools, and

x

creating a general nuisance.

The concern shown by members of lakeside communities is expressed in many
articles from local newspapers (for example: Dalton 2002a, b; Eales 2003; Anon
2004; Heath 2005; Carracher 2006; Cartledge 2007; Anon 2008b; Gaut 2009; and
others).
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There is strong pressure from community groups to control the grass, with disputes
often arising over how the plant should be managed, including between volunteer
management committees and state government (Dalton 2007). In 2007, a voluntary
member of the Lake Charlegrark foreshore management committee was convicted
for ploughing and sowing 28ha of the 73ha lake with a barley crop without the
necessary permits in an attempt to control the grass. The entire volunteer
management committee of Lake Charlegrark resigned following the hearing (Dalton
2007).
The control of L. filiformis in western Victoria costs management authorities up to $65
per hectare annually to reduce the impact of its seed heads on surrounding
communities (Poussard 2004). Lakes with L. filiformis associated problems range in
size from 30–8,000ha. Due to the size of some lakes, funds for controlling the grass
are often insufficient. This subsequently results in areas being left untreated, with
wind blown seed heads collecting in township areas.
In early 2008, a Fairy Grass Working Party was formed in western Victoria to reevaluate management options for L. filiformis. The working party included members
from the City of Ballarat, DPI, DSE, University of Ballarat, Glenelg Hopkins
Catchment Management Authority and Ballarat Environmental Network incorporated.
The working party considered the research presented in this thesis to formulate longterm management options (City of Ballarat 2008), the details of which are discussed
in Chapter 6.
HISTORY OF THE PROBLEM
Concern regarding the grass’ seed heads was first raised in 2001 when the exhaust
of a bus ignited accumulated seed heads at Green Lake near Horsham, Victoria. The
fire spread and burnt approximately 225ha of land, destroying a sporting pavilion. As
a result of the fires, lakeside residents have even considered moving homes to get
away from the potential hazard (Dalton 2002a, 2002b). Despite current widespread
concern, there were few reports of L. filiformis causing community concern due to a
build up of seed heads prior to the current drought in Victoria. The record show that
the grass was, however, present in Wimmera district dry lakebeds in the late 1960s
to early 1970s and periodically prior to 1953. The grass was of minor concern on
Lake Toolondo during these periods, but control measures were not implemented
(R.J. McKenry, Alcoe, pers. comm.; R. Macaulay, DSE, pers. comm.). The limited
concern about the grass during these periods was possibly due to the low residential
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density and the presence of trees and tall ground cover acting as seed head traps
(R.J. McKenry, Alcoe, pers. comm.). Previous droughts lasted only for about two
years or less, providing a shorter time for colonisation to occur on the dry lakebeds.
Problems associated with the current drought began after 1998 as lakes in western
Victoria began to dry out and become vegetated. Most of the lakes where L. filiformis
causes problems are located in western Victoria (Figure 4, page 7). Concerns were,
however, raised at Lake Mokoan and Lake Colac, located in eastern and southern
Victoria respectively, in early 2008, indicating that the problem was spreading to
other areas as the drought continued. With increased rainfall variability due to global
warming (Dore 2005), the problem has potential to spread to other areas both within
and beyond its current natural distribution.
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Species description for Lachnagrostis filiformis
TAXONOMIC STATUS
Lachnagrostis filiformis (G.Forst.) Trin. is a member of the family Poaceae, subfamily
Pooideae, tribe Aveneae. Other genera in this tribe include Agrostis, Calamagrostis,
Deyeuxia and Dichelachne. The tribe Aveneae has been frequently revised, resulting
in a complex taxonomic history with 21 synonyms for L. filiformis, including six
species of Agrostis, five species of Calamagrostis, three species of Deyeuxia, four
species of Lachnagrostis, and two species of Vilfa; its basionym is Avena filiformis
G.Forst. The translation of the genus describes its differentiation to Agrostis, deriving
from the words lachnos, meaning ‘wool’ and the genus agrostis meaning ‘dwelling in
the field’. The species is morphologically similar to Agrostis, but with a hairy lemma
and an elongated rachilla (Sharp & Simon 2002), although taxa with glabrous or
almost glabrous lemmas have been described (Brown 2006, 2008). The original
separation of Australian Lachnagrostis from Agrostis was on the basis of a
comparatively smooth epidermis to the lemma (including the type species, L.
filiformis), a palea almost as long as the lemma, an obvious and well developed hairy
rachilla extension and a tendency for the whole inflorescence to become detached
and act as the diaspore (Jacobs 2001).
Vickery (1941) suggested that two varieties of L. filiformis may exist in Victoria; a
common weeping variety (syn. Agrostis avenacea var. avenacea) with a hairy to
glabrous lemma with or without lemma nerves extended into short setae (or teeth)
and a smaller, erect variety (syn. Agrostis avenacea var. perennis). However, when
the genus was revised by Jacobs (2001), and the species shifted to the genus
Lachnagrostis, the two varieties were not formally transferred. The two varieties are
not currently formally recognised, but are listed on some databases as two unnamed
varieties, Lachnagrostis filiformis var. 1 and var. 2 (eg. Viridans 2004). There are few
diagnostic vegetative characteristics to distinguish between these forms, despite a
high genetic difference, suggesting they may warrant formal varietal status (James &
Brown 2000). More recently, Agrostis avenacea var. perennis was raised to specific
status as Lachnagrostis perennis, but restricted to a taxon only found in the Mount
Lofty Ranges of South Australia (Brown 2008). A range of forms of L. filiformis had
often been included in collections of A. avenacea var. perennis, but were instead
robust forms of L. filiformis and distinct from true L. perennis. Future work may further
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separate taxa from this complexity. Brown (2008) provides a detailed description of
L. filiformis and closely related species.
MORPHOLOGY AND BIOLOGY
Lachnagrostis filiformis is a tufted annual C3 grass, although it can act as a perennial
in areas of high moisture availability, where it can survive for over four years, even
after flowering (Watson & Dallwitz 1980; Brown & James 1998; Zedler and Black
2004). The plant can grow from 15–80cm tall, although is usually between 20–40cm.
Lachnagrostis filiformis has single-flowered spikelets with perfect florets. The lemma
can range from being moderately hairy on backs and sides to glabrous on backs and
sparsely hairy on sides (A. Brown, DPI, pers. comm.). The seed heads are compact
as they emerge from the leaf sheath, but later diffuse and detach at maturity to be
dispersed by the wind.
A single L. filiformis seed head can produce over 1000 seeds, a single plant
producing up to 14000 seeds (Zedler and Black 2004). Data from a similar species,
Agrostis hiemalis (Walt.) B.S.P., indicate the potential for seed dispersal of L.
filiformis, 50% of seeds dispersed along with the blown seed head, the remainder
falling close to the parent plant (Rabinowitz & Rapp 1979). Large numbers of seeds
are therefore dispersed both close to the mother plant and further afield (Zedler and
Black 2004). The main flowering period occurs from November to January. However,
it will sometimes have a second flowering following late summer rains (Poussard
2004). Previous research suggests L. filiformis seed experiences its highest
germination with 12hr cycles of dark/light, coinciding with a daily minimum of 15°C
and a daily maximum between 20–30°C (Gosney et al. 2006).
DISTINGUISHING BETWEEN MORPHOLOGICALLY SIMILAR SPECIES
Lachnagrostis filiformis is sometimes confused with Puccinellia perlaxa (N.G.Walsh)
N.G.Walsh and A.R.Williams (Australian Saltmarsh-grass; syn. P. stricta var. perlaxa
N.G. Walsh), another common lakebed species. While the plant may look similar, as
it also produces large panicles, the florets are distinctively different (Figure 5).
Puccinellia perlaxa has several seeds per spikelet, whilst L. filiformis bears only one.
The lemma of L. filiformis is also distinctively awned. In addition, the seed head of P.
perlaxa is more robust than that of L. filiformis and is not as easily detached from the
culm. When plants are immature, the ligule can be used to distinguish between these
two species. Puccinellia perlaxa has a rounded blunt ligule ranging from 0.9–2.6mm
(Figure 5), whilst the ligule of L. filiformis is 2.0–8.0mm in length and blunt, pointed
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and/or slightly torn (Sharp & Simon 2002). Because the seed head of P. perlaxa is
not as easily broken from the culm, it is unlikely to cause seed head related problems
similar to those created by L. filiformis.
Other morphologically similar species, and more closely related species, include
Lachnagrostis deflexa A.J.Brown (Brown 2008) and the yet to be described
Lachnagrostis aff. adamsonii. These species were recorded on Lake Burrumbeet in
December 2007. Seed heads of L. aff. adamsonii were discovered on Lake
Learmonth but the plants could not be located; it is likely that this species also occurs
on Lake Learmonth in small populations. Although it is not currently protected,
Lachnagrostis aff. adamsonii is likely to be rare, due to the few records of this
species

and

its

close

relation

to

Lachnagrostis

adamsonii

(J.W.Vickery)

S.W.L.Jacobs (Adamson’s Blown-grass); Lachnagrostis adamsonii is listed as
endangered in the Environmental Protection and Biodiversity Conservation Act 1999,
and as threatened under Victoria’s Flora and Fauna Guarantee Act 1988.
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Introduction

DISTRIBUTION AND HABITAT
Lachnagrostis filiformis is native to Australia (Figure 6), New Zealand, Easter Island,
New Guinea and Hawaii (Edgar 1995; Sillitoe 1998; Wagner et al. 1999). Some
authors, however, dispute its native status in some of the distant islands off Australia
such as Hawaii and Easter Island (Veldkamp 1982; Wester 1992). It is naturalised in
Costa Rica (Davidse et al. 1998), Mexico (Nava-Rojo et al. 2002), South Africa
(Gibbs et al. 1987), South America (Cabrera 1970), Taiwan (Jung et al. 2006) and
mainland USA (Zedler and Black 2004).

Figure 6. Distribution of Lachnagrostis filiformis in
Australia (CHAH 2008).

The species prefers moist or seasonally wet conditions, such as wet grasslands,
roadsides and margins of ephemeral water bodies (Davis et al. 1995; Edgar 1995;
Brown & James 1998; Gosney et al. 2006). It is considered a pioneer species of
disturbed sites, which often invades and dominates the bare moist soil as the water
levels in lakes retreat during dry conditions, forming dense stands. The plant is able
to grow completely submerged in water up to 30cm depth (Zedler and Black 2004),
but typically only establishes in moist soil or shallow water to 5cm depth (Robertson
& James 2007). It has also been shown to be salt tolerant, growing in soil up to 3%
NaCl; seawater being 3.5% NaCl (Partridge & Wilson 1987; Brown & Rogers 2003).
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Western Victorian lakes
ORIGIN
The lakes in which L. filiformis inhabits are of various origins. Generally, most of the
lakes where the plant causes problems are naturally formed, although the grass will
inhabit artificial reservoirs. The natural lakes are usually shallow (3–4.5m) with a
relatively flat lake bed and steep banks. In the Ballarat district the lakes are of
volcanic origins, marking the sites of extinct volcanoes. To the west in the Wimmera,
the lakes lie within the swales of a low dune system deposited during retreat of the
sea about 5 million years ago. These lakes often have low crescentic dunes on their
eastern sides.
The lakes are classified as fresh, although as the water evaporates the salt
concentrates as the water levels recede. Soil salinity levels can therefore increase
toward the deepest portions of the lake (Gosney 2006). Soil types vary from clays to
loam and sands.
Small streams discharge into some of the lakes (eg. Lake Burrumbeet), whilst the
natural water supply to others is supplied by runoff and soakages from the
surrounding country (eg. Lake Learmonth); although the water supply to some lakes,
such as Learmonth, is artificially supplemented from diversions of nearby creeks.
Many of the lakes have no natural outlet.
VEGETATION
Vegetation on the lake edge prior to 1750 (Pre-European settlement) was likely to be
largely comprised of riparian wetland grasses, sedges, rushes and herbs (DSE
2004a–c; DSE 2005a–e). Grasses may have included Amphibromus spp. (Swamp
Wallaby-grass), Austrodanthonia sp. (Wallaby-grass), Glyceria australis (Australian
Sweet-grass), Poa labillardierei (Common Tussock-grass), Puccinellia perlaxa
(Australian Saltmarsh-grass) and Walwhalleya proluta (Rigid Panic). Lachnagrostis
filiformis was likely to be common on the lake fringes, in addition to the lakebed when
the water levels receded. Other gramanoids may have included Juncus spp.
(Rushes), Carex spp. (Sedges) and Eleocharis spp. (Spike-sedges). Herbs may have
included Epilobium billardierianum (Variable Willow-herb), Lobelia pratioides (Poison
Lobelia), Neopaxia australasica (White Purslane), Lilaeopsis polyantha (Australian
Lilaeopsis) and Villarsia reniformis (Running Marsh-flower). Aquatic plants may have
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included Myriophyllum simulans (Amphibious Water-milfoil) and Potamogeton
tricarinatus (Floating Pondweed) (DSE 2004a–d, DSE 2005a–e).
Eucalyptus camaldulensis (River Red Gum), Eucalyptus ovata (Swamp Gum) and
Leptospermum spp. (Tea-trees) and Melaleuca spp. (Paperbarks) may have lined the
shores of some lakes.

Is Lachnagrostis filiformis a weed?
A weed is simply defined as a “plant growing in areas where they are not wanted
(Falk-Petersen et al. 2006)”. Weediness is not an intrinsic characteristic of plant
species, but a value judgement placed on plants. Weeds may be perceived to be
harmful to economic or aesthetic wellbeing of humans, or to other environmental
components that humans value (Cheal 2003; Mansergh 2009). Confusion can
sometimes arise when a plant is referred to as a weed due to the subjectivity of its
definition. For example why, where and when is the plant not wanted and who does
not want it? The answer to these questions may differ through time, in different
regions or between individuals. To avoid confusion, there is a need for a detailed
description when using the term weed, for what kind of threats a plant represents,
when, where and for whom (Falk-Peterson et al. 2006), particularly for native and
indigenous species.
LACHNAGROSTIS FILIFORMIS IN AUSTRALIA
Many community members of western Victorian lakeside townships view the
indigenous L. filiformis as a weed because of the social problems its seed heads
initiate (Shand 2002; Anon 2003; Anon 2004; Heath 2005; Carracher 2006; Hillard
2007). However, some community members view the grass as part of the natural
successional cycle after disturbance and do not wish for control of the grass to be
carried out (Phillips 2007). When large populations of L. filiformis occur close to
townships the grass is not wanted by many community members, due to the social
problems and human safety risks it initiates with its wind dispersed seed heads.
Lachnagrostis filiformis will therefore be referred to as a weed in this thesis.
LACHNAGROSTIS FILIFORMIS BEYOND ITS NATURAL DISTRIBUTION
To the author’s knowledge, L. filiformis has not caused any known ecological
problems within Australia. However, experiments conducted in the United States of
America (USA) suggest that when introduced beyond its natural distribution, it can
displace native vegetation (Bauder et al. 2002). In San Diego, USA, L. filiformis was
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shown to reduce the abundance of key species among ephemeral water body plant
communities, including the endangered Pogogyne abramsii (San Diego Mesa Mint).
The first appearance of the species in this region was believed to be on the Miramar
Mounds National Natural Landmark area of the Marine Corps Air Station Miramar in
the mid 1980’s. It further infested downwind from this site, particularly in disturbed
areas and ephemeral waterbodies which dry during warmer months leaving bare
moist soil (Zedler and Black 2004). Bauder et al. (2002) examined the grass’
management in these areas and concluded that there were no biological traits that
could be manipulated to aid its control. Hand weeding and plant litter removal were
considered the most effective control methods. This control method, however, would
be too time consuming and expensive for large areas, such as the lakes in western
Victoria.

Overall objective
Current management of L. filiformis in Western Victoria is aimed at achieving shortterm goals. While this appears to be temporarily effective, the long-term effectiveness
of the current management is uncertain.
Therefore, the overall objectives of this study were to understand the effects of
various control methods on L. filiformis and associated plant species in the short-term
(year of treatment), long-term (year following treatment) and to develop potential
long-term management options.

Anticipated outcomes
It was anticipated that the results obtained would assist the development of
management strategies to control L. filiformis in Victoria and other regions of
Australia. Since the species has also naturalised outside of its natural distribution, the
outcomes may be relevant internationally (Zedler and Black 2004). Results may also
assist in the development of control strategies for other weed species with similar
traits.

Thesis structure
This thesis is divided into six chapters (Figure 7). The first (current) chapter
introduces the thesis, the species and serves as a species/problem description. The
three subsequent experimental chapters (Chapters 2–4) aim to meet the objectives
of the thesis by investigating discrete aspects of the problem. Chapter 3 provides
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additional information on plant interactions, which complements findings from the
preceding chapter. Following these research chapters is a literature review chapter
on an alternative management strategy known as ‘successional weed management’
(Chapter 5). This chapter brings together the findings of the study and provides an
example of how successional weed management could be applied to L. filiformis.
The

final

chapter

(Chapter

6)

synthesises

the

findings,

and

provides

recommendations for management practices and future research.
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Chapter 1
Introduction

Introduction
Thesis Objective:
To understand the effects of various control
methods on L. filiformis and associated plant
species

Chapter 2
Short and long term
effects of control
treatments

Chapter 4
Site colonisation
after burning

Experimental
chapters
Chapter 3
Competitive
interactions

Chapter 5
The development of
successional weed
management
The way forward…
Chapter 6
Summary and
conclusions
Figure 7. Conceptual framework of thesis structure. Square edge boxes represent
experimental chapters and rounded boxes represent chapters that provide supportive
material to introduce or conclude the thesis.
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Chapter 2
Short- and long-term effects of control treatments on
Lachnagrostis filiformis

Introduction
Current control measures for Lachnagrostis filiformis are costly, but provide shortterm relief from problems associated with wind blown seed heads. Little is known,
however, about the effect of current control measures on L. filiformis in the long-term,
or their effect on associated plant species.
Several control methods have been considered or implemented to reduce the impact
of L. filiformis (Bauder et al. 2002; Poussard 2004). These are:
x

late season application of herbicide to arrest seed head development;

x

slashing late in the growing season;

x

grazing of standing material by sheep;

x

burning of standing and slashed plants;

x

cultivating affected areas;

x

cropping affected areas;

x

seed head collection by hand and vacuum truck;

x

hand weeding;

x

re-flooding of lakebeds; and

x

‘do nothing’, allowing for natural succession.

Poussard (2004) and Bauder et al. (2002) have produced management reports for L.
filiformis in western Victoria, Australia and California, USA respectively. However,
current knowledge on the effectiveness of L. filiformis control measures has been
based on visual assessments, which can be subjective and misleading. Current
knowledge on the effect and cost of the above treatments are discussed in the
following sections.
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CURRENT KNOWLEDGE ON CONTROL MEASURES
Late season application of herbicide
The glyphosate (N-(phosphonomethyl)glycine) based herbicide, Roundup Biactive®
(Monsanto), is the only herbicide that has been trialled for L. filiformis control, and is
the only registered herbicide for use on dry wetlands and lakebeds. The half-life of
glyphosate can vary from 1–17 days in the soil (Wauchope et al. 1992; Grunewald et
al. 2001; Mamy et al. 2005). Both aerial and ground boom spraying of Roundup
Biactive® has been trialled in the past. Timing is critical for the application of
herbicides. Poussard (2004) suggests that the best time for application to L. filiformis
is late November for the Wimmera region and mid-late December for the Ballarat
region. This is aimed at killing the plant prior to the emergence of the seed head from
the leaf sheath, thus preventing its dispersal by wind. Early application in late
winter/early spring has been traditionally avoided as a second germination of L.
filiformis may occur after spring rain, consequently requiring a follow up treatment.
However, the plants have already produced seeds by the time the herbicide is
generally applied (pers. obs.). It is not known whether or not these seeds remain
viable; the effect of this application schedule on the viability of seed was investigated
and discussed later in this chapter.
Recommended application rates of glyphosate for weeds range from a few hundred
mL/ha-1 to 6 L/ha-1. Higher rates are required for perennial species and for broad
leaved weeds (Baylis 2000). A greater concentration of glyphosate is also
recommended for thick vegetation as spray coverage and penetration in dense
canopy is reduced (Krausz et al. 1996). The application of Roundup Biactive® on L.
filiformis is off-label use (the manufactures have not specified recommended dosage
rates specifically for the species). An application rate of 1.0–1.5 L/ha-1 of Roundup
Biactive® is currently used to control thick infestations of L. filiformis in Victoria,
Australia. This is three-quarters of the recommended minimum dosage for most
annual weeds. The lower dosage rate used by management aims to eliminate the
grass but retain the non-target broad-leafed species. Lower dosages of herbicide
can, however, result in a resistance to herbicides (Neve & Powles 2005).
Poussard (2004) hypothesised that herbicide application was only effective in the
short-term and that the bare soil resulting from the herbicide promotes L. filiformis
reinvasion in the following year. Several authors suggest this phenomenon is
common for many weeds. Herbicide aimed at achieving short-term goals can not only
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result in reinvasion, but can increase weed abundance to that prior to treatment,
directing the community further away from the desired outcome (Burke & Grime
1996; Sheley et al. 2001; Sheley & Denny 2006).
Herbicide as a control method may have several possible side effects. Spray drift, for
example, can impact on surrounding areas, particularly with aerial application
(Robinson et al. 2000). Any areas that are missed may represent a source of seed
for rapid recolonisation. In addition, the herbicide is not species specific, therefore
non-target species are likely to be affected (Cox 2004). Approximate costs of
application per hectare range from $20–37 for boom spraying and $42–50 for aerial
application (Poussard 2004). With increased pressure for reduced use of herbicides,
alternative methods are more desirable (Poussard 2004).
Slashing
Slashing the grass with a tractor driven mower has proven to be a valuable treatment
in drier areas such as Edenhope and Natimuk in Victoria, where summer rain and
regrowth is less likely (Poussard 2004). It has also been beneficial in small areas to
protect specific assets and in buffer strips close to neighbouring crops. In higher
rainfall areas, the technique is less successful due to the regrowth that follows
slashing treatments. The most effective time to slash L. filiformis is reported to be just
before the dispersal of seed heads. Being late in the growth season, this reduces the
chances of a second flowering. Conversely, a high seed load will be retained. Cost
and effectiveness of slashing varies with ground conditions and time of operation.
Approximate costs per hectare ranges from $20–50 (Poussard 2004).
Slashing treatments currently involve the slashed material (thatch) being relocated
into rows. However, if thatch is retained after slashing, the soil may be shaded,
influencing plant growth in several ways. Shading can result in reduced surface
temperature and light fluctuations, inhibiting the germination of many competitively
superior pioneer species, including L. filiformis (Iacobelli & Jefferies 1991; Foster &
Gross 1998; Lenz et al. 2003; Gosney et al. 2006). Shading can also reduce
evaporation and evapotranspiration enhancing the establishment of many species,
although this is generally only observed in xeric habitats where moisture is limited. In
mesic habitats, light is limited, moisture less so, thus the litter generally has a
negative effect on most species (Facelli & Pickett 1991). However, decreased
evaporation due to litter cover may also reduce surface salinity, influencing plant
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growth and interactions (Iacobelli & Jefferies 1991; Bertness et al. 1992; Bertness &
Hacker 1994; Bertness & Yeh 1994; Pennings et al. 2003; Pennings et al. 2005).
Litter often releases stimulatory or inhibitory allelopathic compounds (Kato-Noguchi
et al. 1994; Yamamoto et al. 1999; Chunga et al. 2001; Florentine & Fox 2003a;
Jefferson & Pennacchio 2003; Florentine & Westbrooke 2005), physically obstruct
growth and increase nutrients. This may influence the competitive ability of some
species, which could result in changed species composition (Facelli & Pickett 1991;
Facelli & Facelli 1993; Florentine & Fox 2003b). The effect on L. filiformis of removing
or retaining litter is not known. This was investigated and reported on later in this
chapter.
Grazing
Grazing stock on L. filiformis infestations in Australia has not been trialled
extensively. The effect of grazing on L. filiformis or associated species is therefore
not clear. Lachnagrostis filiformis is reported to be palatable when young, although
nutritional value decreases as the plant matures (Cunningham et al. 1981). Mature
plants will keep stock alive for short periods during a drought, although stock may
lose condition (Poussard 2004). Stock feed tests reveal that mature L. filiformis has
the following properties (B. Simpson, DSE, pers. comm.):
i.)

53.2% digestibility. Pasture of less than 55% digestibility will achieve little
more than maintain the weight of dry sheep (wethers or non-lactating, nonpregnant ewes), and pasture below 50% will not maintain any class of
sheep (Bell 2007).

ii.)

7.5% metabolisable energy. Dry sheep require above 7.5% metabolisable
energy to maintain weight (Alcock 2007).

iii.) 8.2% crude protein. Dry sheep require 6% minimum crude protein. Mature
L. filiformis contains a poor balance between energy and protein, dry sheep
needing 9.5% crude protein to maintain balance (Alcock 2007).
iv.) 65.1% fibre. High levels of fibre can be associated with low levels of
palatability (Hinton 2007).
Livestock disturbance not only reduces plant biomass through grazing but also
encompasses the effects of trampling (Yates et al. 2000; Hatfield et al. 2007). The
trampling of seed heads may reduce the effectiveness of wind dispersal and its
associated problems. However, the dispersal of seed heads from the area would be
reduced, thus increasing the seed bank of L. filiformis; this may have the subsequent
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LPSDFW RI LQFUHDVLQJ WKH JUDVV¶ DEXQGDQFH LQ WKH IROORZLQJ \HDU 7KH VKRUW WLPH
SHULRGDQGWKHQHHGIRUWHPSRUDU\IHQFLQJSURYLVLRQRIZDWHUPRQLWRULQJDQGODUJH
QXPEHUV RI VWRFN PDNHV WKLV RSWLRQ OHVV VXLWDEOH LQ PDQ\ ODUJH ODNHV +RZHYHU LI
JUD]LQJ LV HIIHFWLYH LQ UHGXFLQJ WKH SUREOHPV DVVRFLDWHG ZLWK / ILOLIRUPLV WKH
HFRQRPLFJDLQVIURPWKHVWRFNPD\DWOHDVWLQSDUWDOOHYLDWHWKHFRVW
*UD]LQJDVDWRROIRUUHGXFLQJELRPDVVGLIIHUVIURPVODVKLQJDVLWLVELDVHGWRZDUGV
SDODWDEOH VSHFLHV *UD]LQJ DQLPDOV DUH PRUH OLNHO\ WR VHOHFW WKH PRVW SDODWDEOH
VSHFLHV JLYLQJ FRPSHWLWLYH DGYDQWDJH WR OHVV SDODWDEOH VSHFLHV XQGHU ORZ JUD]LQJ
LQWHQVLW\ '6(G9HUULHU .LUNSDWULFN.OHLMQ 0OOHU±6FKlUHU=KDR
HWDO 
:KHQLQIHFWHGZLWK5DWKD\LEDFWHUWR[LFXV/
ILOLIRUPLV LQIORUHVFHQFHV FDQ EHFRPHWR[LF WR
OLYHVWRFN 'DYLGVRQ'DYLVHWDO 

L
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LLL

LY

7KLV EDFWHULXP LV FDUULHGE\DQXQGHVFULEHG
$QJXLQDVSQHPDWRGHWKDWVSHQGVSDUWRILWV
OLIH F\FOH GHYHORSLQJ LQ WKH VHHG KHDG
0F.D\

 *RRGHQ  3RZHUV HW DO

  :KHQ LQIHFWHG SODQW PDWHULDO LV
LQJHVWHG E\ VWRFN LW FDQ FDXVH VWDJJHULQJ
FROODSVH FRQYXOVLRQV EOLQGQHVV ZHDNQHVV
LQ WKH KLQG OLPEV DQG GHDWK ZLWKLQ KRXUV RU
GD\V %U\GHQ HW DO  'DYLGVRQ 
%RXUNH   7KLV V\QGURPH LV RIWHQ
UHIHUUHG WR DV µIORRG SODLQ VWDJJHUV¶ $IWHU
KLJK UDLQIDOO LQ WKH VXPPHU RI  LQ WKH
%RXUNH DQG 0RUHH GLVWULFWV RI 1HZ 6RXWK
:DOHV$XVWUDOLDFDWWOHVKHHSDQG

)LJXUH$VHFWLRQRI/DFKQDJURVWLV
ILOLIRUPLV VHHG KHDG L  DQ XQLQIHFWHG
VHHG LL  DQ HQODUJHG LQIHFWHG
VSLNHOHW LLL  D EURZQ QHPDWRGH
LQIHFWHG JDOO DQG LY  DQ RUDQJH
EDFWHULD LQIHFWHG JDOO 6RXUFH
'DYLGVRQ

&6,52
KWWSZZZSXEOLVKFVLURDX! 

 KRUVHV GLHG DV D UHVXOW RI LQIHFWLRQ LQ / ILOLIRUPLV FDXVLQJ VLJQLILFDQW HFRQRPLF
ORVV 'DYLGVRQ'DYLVHWDO 3UHOLPLQDU\VWXGLHVVXJJHVWWKDWWKHWR[LFLW\
RQO\RFFXUVZKHQWKHEDFWHULXPLVLQIHFWHGZLWKDYLUDOSDUDVLWH 'DYLGVRQ EXW
WKHUH KDV EHHQ QR SXEOLVKHG UHVHDUFK RQ WKLV WRSLF VLQFH  ,QIHFWLRQ RI /
ILOLIRUPLVE\5WR[LFXVFDQEHLGHQWLILHGE\GLVWRUWHGRUDQJHLQIORUHVFHQFHVWKDWRIWHQ
UHPDLQDWWDFKHGWRWKHSODQW )LJXUH ,QIHFWLRQW\SLFDOO\RFFXUVDIWHUH[WHQGHGZHW
VHDVRQV*UD]HG/ILOLIRUPLVQHHGVWREHFRQVWDQWO\PRQLWRUHGDQGVWRFNVKRXOGEH
UHPRYHGIURPµKLJKULVN¶DUHDVGXULQJIDYRXUDEOHFRQGLWLRQVIRULQIHFWLRQE\EDFWHULD
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(Davis et al. 1995). At present, no reports of infected L. filiformis in Victoria are
available in the literature.
Burning
Burning has been used to control L. filiformis on many lakebeds in western Victoria
after slashing or after seed heads start blowing. Although the dry dense
accumulations of seed heads provide fuel for wildfires, the plant does not burn easily.
The plant is too green to burn when seed heads begin to blow and its density often
does not provide enough combustible material for an effective burn. By the time the
plant is dry enough to ignite it is late spring/summer during the peak fire season. It is
therefore hazardous, requiring a high level of staffing and control mechanisms. The
bare soil resulting from the burn may provide an ideal environment for germinating
seedlings after rainfall; it therefore, would only prove to be an effective short-term
treatment. The costs of burning are high due to the level of resources required,
ranging from $40–65 per hectare (Poussard 2004).
Ploughing of affected areas
Little research has been carried out on the effectiveness of ploughing L. filiformis
infested sites. Green lake, 10km south-east of Horsham, Victoria, was disc-ploughed
in autumn 2004. It appeared to be an effective short-term control measure; however,
its effectiveness in the medium and long-term is not known (Poussard 2004). Being a
pioneer species, it is likely that the soil disturbance caused by ploughing will result in
an increased germination of L. filiformis from the seed bank in the following year
(Zedler and Black 2004). There is also concern that ploughing may break down the
natural impervious layer separating the surface soil from the salty groundwater close
to the surface in some lakes (DPI 2003).
Cropping
Although it has been considered, cropping of lakebeds to reduce the impact of L.
filiformis has not been trialled (other than the illegal cropping of Lake Chalegrark).
The crops would out-compete germinating L. filiformis, while remaining stubble would
obstruct dispersal of L. filiformis seed heads. The returns from the crop may also
offset treatment expenses, at least in part. This management approach would only be
applicable to lakes where biodiversity is not of concern as the diversity of plants
would be reduced to a monoculture of exotics. Crops would need to be sown without
the use of fertilisers and seed dressings as these may disrupt the nutrient regime of
the lakebed community (Caraco & Cole 1999; Bennett et al. 2001).
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6HHGKHDGFROOHFWLRQDQGEDUULHUIHQFLQJ
/DNHVLGHUHVLGHQWVDQGORFDOJRYHUQPHQWRUEXVLQHVVHQOLVWHGE\ORFDOJRYHUQPHQW
KDYHFROOHFWHGVHHGKHDGVLQWRZQVKLSDUHDVWRUHPRYHEXLOWXSPDWHULDO )LJXUH 
7KH VHHGKHDGV UHTXLUH ZHWWLQJ WREH HIIHFWLYHO\FRPSDFWHGIRU FROOHFWLRQ DOWKRXJK
GXULQJ WKH FXUUHQW GURXJKW ZDWHU LV OLPLWHG 3XEOLF DUHDV LQ WKH WRZQVKLSV RI
/HDUPRQWKDQG%DOODUDWZHUHFOHDQHGZLWKYDFXXPWUXFNVWKHRSHUDWLRQFRVWLQJWKH
PDQDJHPHQW DXWKRULWLHV DSSUR[LPDWHO\  SHU \HDU 3RXVVDUG   2WKHU
V\VWHPVRIWUDSSLQJFROOHFWLQJVHHGKHDGVKDYHEHHQWULDOOHGUHFHQWO\ZLWKWKHXVHRI
WHPSRUDU\IHQFHVDQGQHWVWKDWFROOHFWEORZQPDWHULDO+RZHYHUWKHWUDSVQHHGWREH
FOHDUHGRQDUHJXODUEDVLV

)LJXUH  6HHGKHDGVRI/DFKQDJURVWLVILOLIRUPLVEHLQJ
FROOHFWHG IURP D KRXVH LQ %DOODUDW 6RXUFH $QRQ
D3KRWRJUDSKHUXQNQRZQ 



+DQGZHHGLQJDQGVHHGKHDGUHPRYDO
7KH UHPRYDO RI SODQWV DQG GHWDFKHG VHHG KHDGV RI / ILOLIRUPLV LQFUHDVHG WKH
DEXQGDQFH RI QDWLYH VSHFLHV ZLWKLQ HSKHPHUDO ZDWHUERGLHV LQ &DOLIRUQLD 86$
%DXGHU HW DO   7KH VHHG KHDGV ZHUH WKH PRVW GHWULPHQWDO IDFWRU WR QDWLYH
YHJHWDWLRQGXHWRVKDGLQJ,WZDVUHFRPPHQGHGZKHUHGHQVHVWDQGVRI/ILOLIRUPLV
H[LVW WKDW WKH GHWDFKHG VHHG KHDGV VKRXOG EH UHPRYHG E\ KDQG DOWKRXJK WKLV
FRQWUROPHWKRGSURYHVWREHODERXULQWHQVLYH,WVHIIHFWLYHQHVVDVDFRQWUROPHDVXUH
LQ$XVWUDOLDKDVQRWEHHQVWXGLHGEXWGXHWRWKHVL]HRIWKHLQIHVWDWLRQVWKLVFRQWURO
PHDVXUHLVXQOLNHO\WREHIHDVLEOH
)ORRGLQJRIWKHODNHEHG
,W KDV EHHQ VXJJHVWHG WKDW WKH UHLQXQGDWLRQ RI WKH ODNHEHGV FRXOG DOOHYLDWH WKH
SUREOHP RI / ILOLIRUPLV FRQILQLQJ LW WR URDGVLGH YHUJHV DQG PDUJLQV RI WKH ODNH
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+RZHYHU LI WKH ODNH GULHG RXWDJDLQ/ ILOLIRUPLVLV OLNHO\ WR UHFRORQLVHIURP VHHG LQ
WKHVRLORUIURPVXUURXQGLQJDUHDV7RSUHYHQWWKLVWKHODNHZRXOGKDYHWREHWRSSHG
XS ZLWK DGGLWLRQDO ZDWHU HDFK VXPPHU ZKLFK PD\ EH GLIILFXOW GXULQJ GURXJKW
SDUWLFXODUO\IRUODUJHUODNHV/DFKQDJURVWLVILOLIRUPLVW\SLFDOO\HVWDEOLVKHVLQPRLVWVRLO
RU ZDWHU XS WR FP GHSWK 5REHUWVRQ  -DPHV   EXW FDQ JURZ LQ ZDWHU XS WR
FP GHSWK   :DWHU OHYHOV ZRXOG WKHUHIRUH QHHG WR H[FHHG WKLV GHSWK IRU
IORRGLQJ DV D PDQDJHPHQW VWUDWHJ\ WR EH HIIHFWLYH 7KH ORQJHYLW\ RI IORRGHG VRLO
VWRUHGVHHGLVQRWNQRZQ'XHWRWKHFXUUHQWGURXJKWFRQGLWLRQVDQGWKHVXEVHTXHQW
ORZ DYDLODELOLW\ RI ZDWHU WKLV LV DQ XQOLNHO\ VROXWLRQ IRU PRVW ODNHV )ORRGLQJ LV
KRZHYHU SURSRVHG IRU /DNH :HQGRXUHH XVLQJ UHF\FOHG ZDWHU DQG LQFUHDVHG LQSXW
IURPVWRUPZDWHU &LW\RI%DOODUDW 
%LRORJLFDOFRQWURO
%LRORJLFDO FRQWURO KDV QRW SUHYLRXVO\ EHHQ
FRQVLGHUHG LQ $XVWUDOLD %DXGHU HW DO  

L

LL 

UHSRUWHG QR QDWXUDO SDWKRJHQ VXLWDEOH IRU
ELRORJLFDO FRQWURO RI SRSXODWLRQV LQ WKH 86$
+RZHYHU RQH LVRODWHG SRSXODWLRQ RI / ILOLIRUPLV
VXUURXQGLQJ D IDUP GDP LQ /HWKEULGJH 9LFWRULD
$XVWUDOLD ZDV LQIHFWHG ZLWK WKH VPXW IXQJXV
7LOOHWLDLQROHQV SHUVREV)LJXUH 
7LOOHWLDLQROHQVZLOOQRWNLOOWKHSODQWEXWLQIHFWVWKH

)LJXUH

/DFKQDJURVWLV
ILOLIRUPLV VSLNHOHW L  KHDOWK\ DQG
LL  LQIHFWHG ZLWK 7LOOHWLD LQROHQV
1RWH WKH EODFN VSRUH ILOOHG
VSLNHOHW
RQ WKH LQIHFWHG
VSHFLPHQ

SODQW DQG GHVWUR\V LWV VHHGV 0RVW VPXWV LQIHFW
SODQWV GXULQJ WKH HDUO\ VWDJHV RI WKHLU OLIH F\FOH SULRU WR RU GXULQJ JHUPLQDWLRQ RU
GXULQJ WKH VHHGOLQJ VWDJH ,W LV QRW NQRZQ ZKLFK JURZWK VWDJH / ILOLIRUPLV LV
YXOQHUDEOH WR LQIHFWLRQE\ 7 LQROHQV $IWHU WKH LQIHFWHG VHHGVHHGOLQJ GHYHORSVWKH
P\FHOLXPSHUPHDWHVWKHFURZQQRGHDQGHQWHUVWKHJURZLQJSRLQWRIWKHWLOOHUV7KH
IXQJXV LV WUDQVSRUWHG SDVVLYHO\ XS ZLWK WKH JURZLQJ SODQW WLS DQG SURGXFHV EODFN
SRZGHU\PDVVHVRIWHOLRVSRUHVWKDWFRPSOHWHO\UHSODFHWKHIORUDORUJDQV )LJXUHLL 
7KHVH LQIHFWHG VSLNHOHWV GR QRW FDUU\ YLDEOH VHHGV 7KH VSRUHV IURP LQIHFWHG
VSLNHOHWVGLVSHUVHDQGVHWWOHRQXQLQIHFWHGVHHGVZLWKWKHOLIHF\FOHEHJLQQLQJDJDLQ
(LEHOHWDO 7KHSODQWVRIWHQGRQRWH[KLELWDQ\VLJQRILQIHFWLRQXQWLOWKHSODQW
IORZHUVSURGXFLQJVSRUHILOOHGIORUHWV
6LQFH LQIHFWHG VSLNHOHWV GR QRW SURGXFH YLDEOH VHHG 7 LQROHQV PD\ VHUYH DV D
ELRORJLFDO FRQWURODJHQWIRU / ILOLIRUPLV ZLWKLQ RUEH\RQG WKH QDWLYHGLVWULEXWLRQ RI/
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filiformis. However, the potential of T. inolens as a bio-control for L. filiformis needs to
be investigated. Smut fungi are often not considered strong candidates for biological
control agents because they do not cause severe damage or kill the host (Millhollon
2000). However, if T. inolens is effective in reducing seed production, it may be
useful to integrate into L. filiformis control strategies. Research is needed to
determine the conditions the fungus infects L. filiformis, its host specificity and
effectiveness in preventing seed production.
‘Do nothing’, allowing for natural succession
Many of the current control techniques result in decreased foliage cover of L.
filiformis and associated plant species. Poussard (2004) hypothesised a positive
relationship between the proportion of bare ground and density of L. filiformis in the
following year. Increasing the area of bare soil through treatments such as herbicide
or slashing can increase soil temperature, light levels and salinity (Iacobelli &
Jefferies 1991; Bertness & Yeh 1994; Morgan 1998; Pennings et al. 2003),
stimulating the germination and growth of many pioneer weed species (McIntyre et
al. 1995; Morgan 1998). Therefore, these control treatments often result in reinvasion
and fail to control weeds in the long-term (Burke & Grime 1996; Krueger-Mangold et
al. 2006; Sheley & Denny 2006).
Poussard (2004) considers a ‘do nothing’ approach (or passive management), which
aims at retaining foliage cover as a potential long-term management solution. If L.
filiformis is a transient member of lakebed communities, its dominance may be the
initial step of succession, leading to a diverse community with reduced L. filiformis
abundance. The retention of foliage cover may inhibit L. filiformis from establishing
and allow later successional species to colonise. Groves (2001) suggests this
management strategy would be useful for weeds that are indigenous to the region.
Moreover, it would be particularly relevant to pioneer species which only persist for
short periods after disturbance.
There are several cases where lakes have been left untreated for several years, L.
filiformis densities have declined and social problems associated with its seed heads
subsided (eg. Dock Lake, Booroopki Swamp and several other small lakes).
However, it is not clear whether a passive management approach would reduce the
species abundance on other lakes, or how long the successional change would take
to occur. Factors affecting the speed of successional change may include weather,
lake size, soil type/nutrients, soil salinity and the abundance/composition of nearby
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seed sources. Succession may be accelerated in drier areas (e.g. the Wimmera);
favouring species that are able to withstand dry conditions. Succession may also be
accelerated on small lakes, plants growing on the lake edge having to disperse
shorter distances to colonise the entire lakebed. Where soil salinity is higher
successional may also be hindered, as fewer plants are able to tolerate the growing
conditions, enabling L. filiformis to persist with less competition.
Seed broadcasting
Where seeds required for successional change are not represented in the
established vegetation or seed bank, the rate of successional change can be
hindered (Bakker & Berendse 1999; Turnbull et al. 1999; Kolb & Alpert 2003; Lenz &
Facelli 2005). A number of studies have introduced propagules of desired species in
these situations to accelerate the change and direct it toward a desired species
composition (Tilman 1997; Thompson et al. 2001; Warren et al. 2002; Prober et al.
2004; Sheley et al. 2005). Even where later successional plants are present in the
vegetation community, the natural rate of successional change can be unacceptably
slow for the purpose of weed control. Increasing the number of propagules of these
species can also accelerate succession (Sheley & Bates 2008). This management
strategy was not previously considered for L. filiformis control, but was tested in this
study and is discussed later in this chapter.

Objective
Current control measures appear to be effective in the short-term; however, their
long-term efficacy is unclear. Therefore, the objective of the research reported in this
chapter was to ascertain the effects of herbicide, slashing and seed broadcasting on
the foliage cover of lakebed species and seed head biomass of L. filiformis in the
short-term (during the year of treatment) and long-term (the year following treatment
application).

Methods
STUDY SITES
The study reported on in this chapter was conducted on four dry lakes located in
western Victoria, Australia (Figure 4, page 7). These lakes were the least likely to fill
in the region in the event of heavy rainfall due to their smaller catchment size. This
criterion was considered important when selecting sites so that the long-term study
would not be at risk.
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Lake Learmonth was used for trialling the effects of herbicide, slashing and seed
broadcasting treatments. Green Lake was also originally intended for similar trials,
although low abundance of L. filiformis was found on Green Lake during 2006/07
summer. Subsequently, slashing and herbicide treatments were not applied on this
lake as intended in the original experimental design. There was also no recruitment
from broadcast seed on Green Lake, possibly due to low rainfall. As a result, data
from Green Lake is included in sections which describe the distribution of L. filiformis
and associated species, but excluded from sections describing the effects of control
treatments. McCosslens Swamp and Lake Polpara were used for grazing treatments.
See Table 1 for site descriptions and Figure 4, page 7 for a map of site locations.
During the period of this investigation (2006–2007), management authorities
continued their usual management on Lake Learmonth, applying Glyphosate based
herbicide to L. filiformis in late November 2006 and 2007, with the exception of a 30m
buffer strip surrounding experimental plots. This buffer size compensates for spray
drift, inaccurate application and dosage errors (Robinson et al. 2000).
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Table 1. Study site descriptions.
Lake Learmonth

Green Lake

McCosslens
Swamp

Lake Polpara

Location of
lake centre:

37°26’01”S,
143°42’21”E

36°47’27”S,
142°17’30”E

36°55’50”S,
141°17’07”E

36°57’57”S,
141°36’07”E

Size:

520ha

200ha

56ha

31ha

Mean annual
rainfall:

693mm

446mm

553mm

553mm

Mean daily
maximum:

February: 25°C

February: 30°C

February: 29°C

February: 29°C

July: 11°C

July: 13°C

July: 12°C

July: 12°C

Mean daily
minimum:

February: 10°C

February: 13°C

February: 13°C

February: 13°C

July: 3°C

July: 4°C

July: 5°C

July: 5°C

Management
authority:

City of Ballarat
with
management
advice from DSE

Grampians
Wimmera Mallee
Water

Parks Victoria

DSE

Management
history:

Annual herbicide
treatment since
2003

Slashing,
burning, spraying
with herbicide
and ploughing

Annually grazing
with sheep from
June–March at
-1
3.5ha since
2002

Annually grazing
with sheep from
June–March at
-1
3.5ha since
2002

Year lake
empty:

2001

2002

2002

2000

Treatments
trialled in this
chapter:

Herbicide,
slashing and
seed
broadcasting.

Seed
broadcasting

Grazing

Grazing
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APPLICATION OF TREATMENTS
Slashing, seed broadcasting and herbicide
The following treatments were applied on Lake Learmonth:
S1:

Slashing, with removal of slashed material, applied late November 2006;

S2:

Slashing, with retention of slashed material, applied late November 2006;

B1:

Broadcasting seeds of Atriplex australasica (Native Orache) seeds at
3.5kg/ha applied mid June 2006;

B2:

Broadcasting seeds of Puccinellia perlaxa seeds at 6kg/ha, applied mid
June 2006, and

H1:

Non-selective glyphosate based herbicide (Roundup Biactive®, Monsanto)
at 1.5L ha-1, 5mL/L, applied late November 2006;

H2:

Non-selective glyphosate based herbicide at 3L ha-1, 10mL/L, applied late
November 2006 and

C:

Control, to which no treatment was applied.

The timing of herbicide application and slashing followed current management
practices (page 19). Herbicide was applied with a vehicle-mounted sprayer, with
rates based on label and half-label rates for general weed control. Slashing was
conducted with a mower set at a height of 10cm to minimise the impact on any low
growing native herbs (Verrier & Kirkpatrick 2005). The rate of seed distribution for P.
perlaxa followed recommendations made by the Tasmanian Pasture and Field Crop
Advisory Committee (2006). Maximum broadcasting rate for A. australasica was
used with available seed quantities.
Slashing, seed broadcasting and a control were applied in a 5x5 latin square design.
To minimize the effect of herbicide drift into other treatment plots, herbicide
treatments and an additional control (with no active management) were applied
separately as a 3x5 randomised complete block design immediately adjacent to the
latin square (Figure 11).
Treatment plots were located immediately adjacent to each other within each block.
Each treatment plot was 9x9m, although a 1m buffer zone was created surrounding
the sampling areas of each plot, thus the effective area sampled was 8x8m.
Gradients in soil moisture, salinity, and vegetation composition occurred from the
lake centre outwards (Gosney 2006). This variation was accounted for in the
experimental design by placing blocks evenly along an altitudinal gradient within the
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lakebed, and avoiding the centre of the lake to pre-empt possible effects of the
experimental plots being flooded. This design also allowed for additional analysis to
be carried out for the investigation of the distribution of L. filiformis and associated
lakebed species within each of the lakes (pages 47–52). The layout was replicated
on the north and south side of the lake. Each side of the lake was analysed
separately due to large differences in L. filiformis density on either side of the lake at
the start of the study.
Puccinellia perlaxa and A. australasica were chosen for seed broadcasting as these
species are native, found in similar environments to L. filiformis and are salt tolerant
(Brown & Rogers 2003; Rogers et al. 2005). It was also noted during preliminary site
visits to several dry lakes, that where L. filiformis coexisted with P. perlaxa or A.
australasica, its abundance appeared to be lower. It was anticipated that P. perlaxa
and A. australasica may reduce L. filiformis abundance through shading and/or
competition for soil moisture. The seeds of both species can be easily collected with
a harvester (M. Moerkerk, DPI, pers. comm.), an important attribute if they are to be
broadcast over large areas. Atriplex australasica also has the additional benefit of its
tall erect growth form (~40cm) which has the potential to catch wind blown L.
filiformis seed heads, thereby reducing their impact on lake side residents.
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Foliage cover was assessed using the
point intercept method (Scott 1965;
Goldsmith

et

al.

1986;

Floyd

&

Anderson 1987; Glatzle et al. 1993).
Ten points were used per sub-sample
with 25 sub-samples randomly located
within the plots recording all vascular
plant species (Figure 13). Cover,
rather than the density estimates were
used as this measure is not biased by
the size or spatial distribution of
individuals (Kershaw 1957; Becker &

L. filiformis foliage cover (%)

VEGETATION SAMPLING
100
80
60
40
20
0
0
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20
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40
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70

Number of sub-samples
Figure 13. The sub-sample size of 25 was
chosen by plotting the running mean and
finding the plateau.

Crockett 1973; Goldsmith et al. 1986; Morrison et al. 1995). Also, the point intercept
method for assessing plant cover has firm theoretical grounding, provides accurate
estimates for all growth forms and densities, and cover is only slightly overestimated
(Goldsmith et al. 1986; Floyd & Anderson 1987; Glatzle et al. 1993).
In addition to assessing foliage cover, L. filiformis seed head biomass was collected
as a surrogate measure for the number of seed heads produced per plot. Seed
heads were collected from five randomly placed 30x40cm quadrats, dried at 105°C
for 24hrs and weighed.
Sampling was carried out annually, in January 2007 to determine the immediate
effect of the treatments, and again in January 2008 to determine the effect of the
treatments in the following year. The vegetation on Lake Learmonth was burnt in
January 2008; further sampling of manipulative treatments was not conducted on this
lake. Additional sampling was conducted in late November 2008 on the grazed lakes.
SEED GERMINATION AND VIABILITY OF SEEDS SUBJECT TO HERBICIDE
To determine whether L. filiformis seeds remain viable after mature plants were
treated with herbicide, seeds were collected from 30x30m plots in adjacent sprayed
(1.5L ha-1) and unsprayed areas, two weeks after application. Seeds were placed in
airtight bottles and stored in dry dark conditions at 20°C for four months. Fifty seeds
were randomly selected from each treatment and placed in Petri dishes lined with
moistened filter paper, replicated four times. Seeds were then tested for germination
under the following conditions: 15/25°C 12hr thermoperiods coinciding with 12hr
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dark/light cycles (Gosney et al. 2006). Seeds were considered to be germinated
when the radicle protruded from the seed coat by 2mm. Germinated seeds were
counted and removed daily. After five days with no new germination, ungerminated
seeds were tested for viability using tetrazolium chloride (Freeland 1976).
STATISTICAL ANALYSIS
Lachnagrostis filiformis foliage cover and biomass were analysed with univariate
linear mixed effects models (LME) using the ‘lme’ function within the ‘nlme’ R
statistics package (version 2.7.2). The effects of ‘block’ (distance from lake edge)
were treated as random and ‘treatment’ as fixed. Data from each year, and each half
of Lake Learmonth, were fitted as separate models; since the direction and strength
of effects differed between the years and halves of the lake. This separation
strengthened the model and interpretive power. The block closest to the lake edge on
the southern half of Lake Learmonth (170m from the lake edge) was identified as an
outlier, since it was devoid of L. filiformis due to a shift in species composition toward
the lake edge. This block was therefore excluded from the linear modelling to avoid
violation of the underlying assumptions of the analysis. A further description of the
plant community in this block is given on page 46 and 56. Remaining data were log(y
+ 1) transformed to meet assumptions of normality. Data from the northern section of
Lake Learmonth in the year of treatment failed to meet the assumption of normality,
even after transformation; therefore, the non-parametric Freidman’s test was
performed on this data set.
Following univariate procedures, the effects of ‘treatment’ and ‘block’ on multivariate
community composition (cover of all plant species) were analysed using Non-metric
Multidimensional Scaling (MDS) and the non-parametric Two-way Analysis of
Similarities (ANOSIM2; PRIMER-E version 5; Clarke 1993). The Bray-Curtis
coefficient was used to determine the similarity in community composition among
treatments/blocks. Data were log (y + 1) transformed to allow taxa of intermediate
and rare abundance to contribute to the analysis (Clarke 1993). Where differences in
species composition were identified by the ANOSIM2, Similarity Percentages
(SIMPER) was used to determine which species contributed most to these
dissimilarities. MDS and ANOSIM2 were performed firstly by excluding the outlier
described above (the block closest to the lake edge on the southern half of Lake
Learmonth), and then re-running the analysis with the outlier included.
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ANOSIM2 is restricted to three or more factors. Since there were only two treatments
on grazed lakes (grazed and ungrazed), a Non-parametric Multivariate Analysis of
Variance (NPMANOVA) was used to determine if community composition differed
significantly on grazed lakes (Anderson 2001). This was performed using the ‘adonis’
function within the ‘vegan’ R statistics package. The Bray-Curtis coefficient was used
as a measure of similarity.
The results from the ANOSIM2/SIMPER were also used to describe the distribution
of L. filiformis and associated plant species within the lakes, in addition to describing
the effects of treatment on the plant community.
A one-way Analysis of Variance (ANOVA) was used to compare seed germinability
following herbicide application. All assumptions were tested and met prior to analysis.
STUDY LIMITATIONS
The treatments may achieve different results if applied on other lakes in the region,
due to local site variations such as soil type, climate and vegetation communities.
Seasonal variation in rainfall may also alter the effect of the control measures on both
L. filiformis and non-target species (Bard et al. 2004). Due to time limitations, the
treatments could not be replicated over several years. The results from Green Lake
and Lake Polpara were further limited due to the low abundance of L. filiformis on
these lakes.

Results
The northern half of Lake Learmonth experienced lower L. filiformis foliage cover
(LME, t1,35 = 5.10, P < 0.001) and seed head biomass (LME, t1,35 = 5.08, P < 0.001)
compared to the southern half during the year of treatment. Within the northern half
of the lake, where L. filiformis was less abundant, no significant differences were
found in L. filiformis foliage cover or seed head biomass between treatments in the
year of application (P > 0.05) or the following year (P > 0.05). The MDS ordination for
this half of the lake showed no clear segregation of plots based on treatment or
block, and ANOSIM2 showed no significant differences (R = -0.03, P = 0.576; R = 0.05, P = 0.671).
However, on the southern half of Lake Learmonth, foliage cover and seed head
biomass of L. filiformis differed between treatments during the year of application
(LME, P < 0.05) and the following year (LME, P < 0.05). MDS ordination did not
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reveal any clear segregation of plots during the year of treatment, further confirmed
by ANOSIM2 (Figure 14i; R = -0.04, P = 0.639). The MDS ordination did, however,
show grouping of plots applied with herbicide one year after treatment (Figure 14ii;
ANOSIM2, R = 0.19, P = 0.032). Plots showed less grouping by treatment with the
inclusion of the block closest to the lake edge, but ANOSIM2 confirmed that the
communities differed significantly (R = 0.32, P = 0.020).
Differences occurred also in L. filiformis foliage cover and seed head biomass
between treatments on grazed lakes (LME, P<0.05).
Specific effects of herbicide, slashing, seed broadcasting and grazing are discussed
in subsequent sections.
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i)

ii)

Stress: 0.04

Stress: 0.05

Control
Herbicide
– 1.5L ha-1
Herbicide
-1
– 3L ha
Seed broadcasting
– P. perlaxa
Seed broadcasting
– A. australasica
Slashing
– thatch removed
Slashing
– thatch retained

Figure 14. MDS ordination of community composition among treatments on the southern
half of Lake Learmonth one year after the treatments were applied, with i) outliers excluded
and ii) included. Dashed lines highlight segregation by treatment; specifically, separation of
herbicide plots to all other treatments including control. Legend is common to both figures.

HERBICIDE
Herbicide treatments (1.5 L ha-1 and 3 L ha-1) killed all L. filiformis plants and nontarget species. Although the herbicide did not reduce the seed head biomass of L.
filiformis on the northern or southern halves of Lake Learmonth (Figure 15), the seed
heads failed to fully open and emerge from the leaf sheath (Figure 16), thereby
reducing their capacity to disperse in the wind. Seeds from plants treated with
herbicide germinated with a mean total germination of 75±3%. Ungerminated seeds
could not be classed as viable according to tetrazolium tests (Freeland 1976). There
was no significant difference in total germination between L. filiformis seeds collected
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The application of herbicide (3L ha-1and 1.5 L ha-1) resulted in an increased L.
filiformis seed head biomass by 86–150% (LME, t6,18 = 2.89, P = 0.010; LME, t6,18 =

2.50, P = 0.022) and foliage cover by 34–37% (LME, t6,18 = 3.02, P = 0.007; LME, t6,18
= 3.35, P = 0.004) one year after treatment on the southern half of the lakebed
(Figure 17). The SIMPER analysis revealed that the mean foliage cover of Lactuca
serriola* (Prickly Lettuce) was reduced one year after a herbicide application on the

southern half of the lakebed, contributing to 8.6–9.5% of the dissimilarity between the
herbicide and control plots. Lactuca serriola* had a mean foliage cover of 9.4±0.3% in
control plots and 2.4±1.5% and 1.8±1.2% in 1.5L ha-1 and 3L ha-1 herbicide treated
plots, respectively. The SIMPER analysis revealed that the foliage cover of P.
perlaxa was increased by herbicide one year after application. This contributed to

L. filiformis foliage cover (%)

38.7–32.2% of the dissimilarity between herbicide and control plots.
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Figure 17. Main effects of treatments on Lachnagrostis filiformis foliage cover one year
after treatment on i) southern and ii) northern halves of Lake Learmonth, and seed head
biomass on iii) southern and iv) northern halves of the lake. C = control, H1 = Herbicide at
-1
-1
5L ha , H2 = Herbicide at 3L ha , B1 = Seed broadcasting of A. australasica, B2 = Seed
broadcasting of P. perlaxa, S1 = Slashing with thatch removed, S2 = Slashing with thatch
retained. Error bars represent ± standard error. * denotes mean significantly different from
control.
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SLASHING

Slashing significantly decreased seed head biomass (thatch both removed and
retained) one month after treatment on the southern half of Lake Learmonth (Figure
15; LME, t6,18 = -6.21, P < 0.001; LME, t6,18 = -6.38, P < 0.001). However, these
differences were not consistent 12 months after the treatment was applied (Figure 17;
LME, t6,18 = 0.80, P = 0.435; LME, t6,18 = 0.20, P = 0.841). Although the seed head
biomass was reduced by slashing, foliage cover of L. filiformis was not reduced in the
treatment year (LME, t6,18 = -1.10, P = 0.283; LME, t6,18 = -1.99, P = 0.060) or the
following year (LME, t6,18 = 1.64, P = 0.118; LME, t6,18 = 0.61, P = 0.552).
SEED BROADCASTING

Little recruitment was observed from broadcast seed of both A. australasica and P.
perlaxa; Lachnagrostis filiformis foliage cover and seed head biomass did not differ

significantly differ from control plots in the year of treatment (Figure 15) or in the
following year with a seed broadcasting treatment (Figure 17). MDS ordination did
not show any clear segregation of plots broadcast with seed (Figure 14).
GRAZING

Low foliage cover of L. filiformis occurred in McCosslens Swamp six months after the
treatments were applied, the grass being recorded only within one plot. Grazing did
not significantly affect the plant community composition after six months of treatment
(NPMANOVA, F1,15 = 1.69, P = 0.121).
However, 18 months after the establishment of the grazing exclusion plots, higher L.
filiformis foliage cover and seed head biomass occurred in grazed plots (Figure 18;

LME, t1,15 = 4.59, P = 0.007). In addition to increased foliage cover, higher seed head
biomass of L. filiformis was found in un-grazed plots (LME, t1,15 = 3.71, P = 0.008)
despite the low cover of L. filiformis. The composition of the plant community also
differed between the treatments (NPMANOVA, F1,15 = 6.46, P = 0.001; Figure 19i).
Specifically, there was higher foliage cover of Helminthotheca echioides* (Prickly Oxtongue) in grazed plots (Figure 18), contributing to 53.6% of the dissimilarity between
treatments. The remainder of dissimilarity was explained by L. filiformis, which had
increased abundance in grazed plots; although, these changes to the community
composition were not seen in the following growth season.
The foliage cover or seed head biomass of L. filiformis did not differ between
treatments in the following growth season on McCosslens Swamp (LME, t1,15 = 0.71,

41

Short and long term effects of control treatments

P = 0.500; LME, t1,15 = 0.68, P = 0.620). However, the MDS suggests that the
community composition differs between the treatments (Figure 19ii). This was
confirmed by the non-parametric MANOVA (F1,15 = 1.69, P = 0.121). In particular, the
SIMPER analysis revealed that the higher foliage cover of H. echioides* remained in
ungrazed plots, contributing to 7.4% of the dissimilarity. However, lower abundance
of the grasses, Lolium rigidum* (Annual Rye-grass), Lagurus ovatus* (Hare’s Tail
Grass), Hordeum glaucum* (Wall Barley), and Bromus hordeaceus* (Soft Brome)
occurred in ungrazed plots contributing to 12.6%, 22.9%, 14.3% and 6.3% of the
dissimilarity, respectively.

Foliage cover (%)
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H. echioides *
L. filiformis
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Treatment
Figure 18. Main effect of treatment on
foliage cover of L. filiformis 18 months
after treatment on McCosslens Swamp.
Error bars represent ± standard error.
* denotes mean was significantly
different from ungrazed treatment
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i)

Stress: 0.04

ii)

Stress: 0.14

Grazed
Ungrazed

Figure 19. MDS ordination of community composition among treatments on McCosslens
swamp i) 18 months after treatment and ii) 30 months after treatment. Dashed lines
highlight segregation by treatment. Legend is common to both figures.
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On Lake Polpara, there was low abundance of L. filiformis six months after the
grazing exclusion plots were established. The mean foliage cover was 0.1% in
grazed plots and 0.75% in ungrazed plots. Lachnagrostis filiformis was not recorded
in Lake Polpara in subsequent years.
The MDS ordination and the non-parametric MANOVA revealed that the community
composition differed between the treatments six months after treatment application
(Figure 20i; F1,15 = 4.67, P = 0.004), 18 months after treatment (Figure 20ii; F1,15 =
3.67, P = 0.013) and 30 months after treatment on Lake Polpara (Figure 20ii; F1,15 =
12.07, P = 0.001). However, less separation was seen in the MDS ordination 18
months after treatment (Figure 20ii). SIMPER analysis revealed that Vulpia myuros*
(Rat-tail Fescue) was the only species with increased higher foliage cover in grazed
plots, contributing from 21–33% of the dissimilarity. Hordeum glaucum* was
decreased with a grazing treatment, contributing to 21–26% of the dissimilarity. The
remainder was explained by ten exotic grasses and herbs with decreased abundance
in grazed plots. See Appendix 1 for a full list of recorded species at all of the study
sites.
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Stress: 0.11

i)

Stress: 0.14

ii)

Stress: 0.11

iii)

Grazed
Ungrazed

Figure 20. MDS ordination of community composition among treatments on Lake
Polpara i) six months after treatment, ii) 18 months after treatment and iii) 30 months
after treatment. Dashed lines highlight segregation by treatment. Legend is common to
all figures.
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DISTRIBUTION OF LACHNAGROSTIS FILIFORMIS AND ASSOCIATED SPECIES
Lake Learmonth

MDS ordination revealed no clear segregation of plots by block (distance from lake
edge) on the northern half of the lake during the year of treatment (ANOSIM2, R = 0.02, P = 0.510), or the following year (ANOSIM2, R = 0.13, P = 0.063). However, on
the southern half of the lakebed there was strong separation of plots by block in both
the year of treatment (Figure 21i; ANOSIM2, R = 0.84, P = 0.010) and the following
year (Figure 21ii; ANOSIM2, R = 0.80, P = 0.010), suggesting that the plant
communities differ along a gradient away from the lake edge. SIMPER analysis
revealed that most of this variation was due to a shift in the dominance of L. filiformis
and P. perlaxa (up to 52% and 37% contribution to the dissimilarity for L. filiformis
and P. perlaxa respectively). It was this shift in dominance that resulted in the block
closest to the southern edge of Lake Learmonth being an outlier in the analysis. This
shift in dominance between the two species is shown in Figure 22.
In January 2007, the majority of Lake Learmonth was dominated by L. filiformis, but
170m from the southern lake edge the dominance shifted and the perennial grass P.
perlaxa dominated. By January 2008, the dominance of P. perlaxa shifted 130m

further into the lake (Figure 22), L. filiformis and P. perlaxa co-dominated 410m from
the lake edge with L. filiformis dominating beyond the lake centre.
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i)

ii)

Stress: 0.03

Stress: 0.05

Distance from lake
edge (m):
170
290
410
530
650

Figure 21. MDS ordination of community composition among blocks (distance from lake
edge) on the southern half of Learmonth i) in January 2007 and ii) 2008. Dashed lines
highlight segregation by distance from lake edge. Legend is common to both figures.
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Figure 22. Distribution of dominant plant species on Lake Learmonth in January 2007 i-ii)
and iii-iv) January 2008 on the southern and northern halves of the lake. Legend is
common to all figures. Error bars represent ± standard error.
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Green Lake

Low foliage cover of all species was recorded on Green Lake in January 2007
(Figure 24). MDS ordination revealed segregation by distance from the lake edge on
both the east and west ends of the lake (Figure 23). This suggests that community
composition differs along this gradient, further confirmed by the non-parametric
ANOVA (eastern half of lake: R = 0.40, P = 0.006; western half of lake: R = 0.50, P =
0.001). SIMPER analysis showed that most of this variation (31–56%) was due to L.
filiformis. There was higher abundance of this species closer to the lake centre. The

remainder of the variation in community composition was due to small changes in the
abundance of several exotic grasses and herbs (Figure 24).

i)

ii)

Stress: 0.11

Stress: 0.06

Distance from lake
edge (m):

160
240
320
400
480

Figure 23. MDS ordination of community composition among blocks (distance from lake
edge) on the i) eastern and ii) western halves of Green Lake. Dashed lines highlight
segregation by distance from lake edge. Legend is common to both figures.
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Figure 24. Distribution of dominant plant species on Green Lake in January 2007 January
2008 on the i) western and ii) eastern halves of the lake. Legend is common to both
figures. Error bars represent ± standard error.

McCosslens Swamp

McCosslens Swamp was dominated by L. filiformis and Helminthotheca echioides*
during the study. The plant community was homogenous across the lake in all years
sampled as shown by ANOSIM2 (Summer 2006/07: R = -0.034, P 0.961; Summer
2007/08: R = 0.04, P 0.419; Summer 2008/09: R = 0.16, P = 0.251). Low abundance
of Lolium rigidum*, Lagurus ovatus* and Hordeum glaucum* was also found on the
lakebed in summer 2008/09.
Lake Polpara

During the study, Lake Polpara was dominated by the exotic grasses, Hordeum
glaucum*, Holcus lanatus* (Yorkshire Fog) and Vulpia myuros* with scattered Cirsium
vulgare* (Spear Thistle) and Bromus hordeaceus*. MDS plot revealed some

segregation of plant communities (Figure 25), further confirmed by ANOSIM2 (R =
0.45, P = 0.036); suggesting that the plant distribution differs within the lake.
However, SIMPER revealed no clear pattern along a distance gradient, suggesting
that the distributions are patchy. Low abundance of L. filiformis was found in January
2007 and the grass was not recorded in following years.
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Figure 25. MDS ordination of community composition among blocks (distance from lake
edge) on Lake Polpara. Dashed lines highlight segregation by distance from lake edge.

Discussion
The results show that the short and long-term effects of the various treatments differ
considerably. Generally, none of the control measures trialled in this part of the study
were able to prevent reinvasion by L. filiformis entirely in the year after treatment.
However, L. filiformis reinvaded to a lesser degree following some treatments. While
herbicide and slashing appear effective in the short-term, late application herbicide
actually increased L. filiformis foliage cover and seed head biomass in the long-term.
On the other hand, although slashing did not prevent reinvasion, it was not found to
increase foliage cover or seed head biomass in the year following treatment.
HERBICIDE

Glyphosate based herbicide appears to be successful in preventing the development
of L. filiformis seed heads, and thus its impact on the surrounding townships during
the year of treatment. Although late application herbicide (1.5–3.0 L ha-1) successfully
kills L. filiformis plants, seeds have already formed on the plants when the herbicide
is generally applied. These seeds remain viable (75±3%) and germinate readily. The
herbicide also reduces the dispersal of seed heads from the parent plant as they fail
to fully emerge from the leaf sheath; the seed therefore remains on the lakebed. For
this reason, the herbicide applied late season not only fails to control the seed bank
on the lakebed, but may actually increase it, consequently, increasing the abundance
of the grass in the following year.
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Other researchers have similarly reported that late application of glyphosate has no
effect on seed production or germination of grass and herb species (Clay & Griffin
2000; Steadman et al. 2006). However in some species, glyphosate can terminate
seed development, resulting in reduced performance due to a smaller seed size,
weight and reduced dormancy (Steadman et al. 2006).
The herbicide treatment resulted in decreased foliage cover of the exotic summer
annual L. serriola* in the year following herbicide treatment. This species, unlike L.
filiformis and P. perlaxa, had not flowered at the time of herbicide application (pers.

obs.) and therefore was not able to reproduce. This may have led to a reduced seed
bank of L. serriola*, explaining the decreased foliage cover from this species in the
year following treatment. As a result, L. filiformis and P. perlaxa were able to
establish in the following year with less competition from L. serriola*. The herbicide
treatment resulted in reinvasion of L. filiformis in the following year, with 86–150%
greater seed head biomass, and 34–37% greater foliage cover than that of an
undisturbed control site. This directed the composition of the plant community further
away from the desired outcome of reduced L. filiformis abundance.
The increased seed head biomass and foliage cover should not pose a problem if the
treatment is reapplied annually, but this is inefficient and costly in the long-run. In
addition, if treatments are not applied successfully in any one year, large numbers of
seed heads may disperse from the plants into neighbouring areas. This occurred at
Lake Learmonth in the summer of 2007/08, when the herbicide was applied after the
seed heads had already emerged from the flag leaf and had begun to disperse.
There was considerable concern by community members. A controlled burn was
carried out as a follow up treatment.
The timing of the application may also have additional complications, as Roundup
Biactive® has a lag phase of approximately two to three weeks between the
application and any visible effects of herbicide on the plants. It is not known whether
or not the seed of L. filiformis are able to mature during this time. If so, the herbicide
would have to be applied at least 3-4 weeks prior to seed maturity. Further
germination trials from plants treated with herbicide at various stages would
determine the seed maturation status during this period after application. Spraying
herbicide at an earlier stage prior to seed maturation should be considered.
Continuous site monitoring should enable managers to select a suitable time for
herbicide application.
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As both rates of herbicide application (1.5–3.0 L ha-1) produced similar results a
lower dosage may be more cost effective. However, if the herbicide is not effective in
killing all treated plants at low dosages, a herbicide resistant population may develop
over time through natural selection of herbicide resistant individuals (Neve & Powles
2005). The application of Roundup Biactive® on L. filiformis is off-label use, in other
words the manufactures have not specified recommended dosage rates specifically
for the species. Caution should be used when lowering dosage rates further as it may
lead to herbicide resistance; close monitoring would allow managers to identify
whether low dosage rates are effective in killing all L. filiformis tussocks, not just the
majority.
The results of this study suggest that when herbicide is applied late in the season it is
ineffective in the long-term because it tends to increase L. filiformis foliage cover and
seed head biomass. Furthermore, it requires treatment every year. It is a therefore a
costly management option.
SLASHING

Slashing reduces the seed head biomass of L. filiformis in the short-term, but unlike
late application herbicide treatments, did not result in an increase in seed head
biomass in the following year.
The effectiveness of slashing may vary in accordance with seasonal variation in
rainfall. In years of sufficient rainfall L. filiformis can produce new seed heads after
slashing, and a follow up treatment may be needed (Poussard 2004).
There was lower foliage cover and seed head biomass of L. filiformis on the northern
half of Lake Learmonth compared to the southern half. This may explain why
slashing did not have a detectable effect on the northern half of the lake. Due to the
low abundance of L. filiformis, active control of L. filiformis may not be required in
areas of low density.
Since slashing is conducted at the same time of year as herbicide application when
L. filiformis plants are mature, seeds from slashed plants are also likely to be viable

and remain on the lakebed to germinate in the following season. Thus, the long-term
effectiveness of late-season slashing is questionable. Slashing may be an
appropriate control measure where immediate results are required, but the
effectiveness of slashing may depend on soil moisture and rainfall, initiating regrowth
after treatment. Slashing large lakes may also be difficult due to the costs and time
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required to slash. Slashing at an earlier stage prior to seed maturation should be
considered. This may not only reduce the seed bank of L. filiformis, but could also
reduce the risk of the equipment starting wildfires.
SEED BROADCASTING

Seed broadcasting treatments did not reduce L. filiformis foliage cover and seed
head biomass. This was possibly the result of limited recruitment of the broadcast
species. Lack of recruitment may be due to several factors including low rainfall (total
rainfall in the area from June–December 2006 was 43% below average), poor
germination (due to the lack of germination stimulus or loss of viability after being
broadcast), seed predation and competition (Chapter 3). The seed bank, and
therefore propagule pressure, of L. filiformis was not controlled prior to seed
broadcasting, and may need to be reduced for future seed broadcasting treatments
to be successful. This may be achieved by applying herbicide to L. filiformis prior to
seed maturity in the preceding season.
GRAZING

Low L. filiformis abundance occurred on McCosslens Swamp and Lake Polpara
during summer 2006/07. This was possibly a result of low rainfall during the growth
season (total rainfall in the area from June–December 2006 was 65% below
average). Subsequently, the grazing treatments had little impact on L. filiformis
foliage cover or seed head biomass during the summer of 2006/07. The grazing did,
however, provide drought fodder for stock and reduced the foliage cover of the exotic
H. echioides* on McCosslens Swamp and the exotic H. glaucum* and V. myuros* on

Lake Polpara. The short-term effect of grazing during a year of high L. filiformis
abundance is not known.
Eighteen months of grazing on McCosslens Swamp shifted plant dominance from H.
echioides* to L. filiformis, subsequently increasing L. filiformis foliage cover. This

increase in foliage cover may be a result of decreased competition from the exotic H.
echioides*, due to preferential grazing. Despite L. filiformis being palatable when

young, its nutritional value decreases as the plant matures (Cunningham et al. 1981).
In the absence of data on grazing preference of stock at the study site, it is difficult to
determine if the change in species dominance was due to this factor.
Alternatively, the shift in dominance may be due to differences in the species ability
to recover from grazing. Lachnagrostis filiformis can recover from grazing by
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regrowth both from existing tillers or growth from new tillers. Grazing increases
tillering in grasses due to the release from apical dominance (Bullock et al. 1994;
Tuomi et al. 1994; Noy-Meir & Briske 1996). The removal of the apical meristem
region by the herbivore activates dormant buds (Huhta et al. 2000); if the pool of
dormant buds is large, and are activated by only a small amount of damage, then
minor grazing will result in a large growth response and the plant may be able to
compensate for the grazing event (Paige 1992; Tuomi et al. 1994; Noy-Meir & Briske
1996), even to the point of overcompensation (Nilsson et al. 1996; Huhta et al. 2000).
However, some authors dispute the phenomenon of overcompensation as it has only
been reported for a small number of species (Belsky et al. 1993; Bergelson et al.
1996). Grazing may stimulate tillering in L. filiformis, explaining the increased cover.
Further research is required to resolve this issue.
Although lower foliage cover of L. filiformis was found in ungrazed areas, there was
higher seed head biomass. This was likely to be a result of H. echioides* catching the
wind blown seed heads from grazed areas. Helminthotheca echioides* grew up to
60cm in the un-grazed plots. Its leaves and stem are covered in barbed stiff hairs,
which aid in catching wind blown seed heads. This suggests that the retention of tall
prickly species, which intercept blown seed heads, may help to reduce the impact of
L. filiformis seed heads on lake side townships in addition to providing competition for
L. filiformis. Alternatively, since the seed heads are intercepted, the seed remains in

the area, increasing the seed bank on the lake.
Despite grazing resulting in higher L. filiformis cover, the grass was only of minor
concern to lakeside residents of McCosslens Swamp (A. Caldow, pers. comm.). The
high grazing intensity may have reduced the number of seed heads from fully forming
and thus their associated problems.
Grazing may not however, result in increased cover of L. filiformis every year. In the
summer of 2008/09, the cover of L. filiformis was not higher in grazed plots; but
grazing did increase the foliage cover of V. myuros*. This may be a result of factors
similar to those that increased L. filiformis cover in the previous year. Stock may have
grazed young H. echioides*, giving competitive advantage to neighbouring grasses
that can recover from the grazing through retillering.
Even though Lachnagrostis filiformis has a low palatability and nutrient value when
mature (p 21), grazing L. filiformis in areas such as McCosslens Swamp may provide
sufficient fodder to sustain stock through a drought. On small lakes, high grazing
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intensity may prevent L. filiformis from producing a problematic number of seed
heads. On larger lakes, high grazing intensity may be logistically difficult because of
the number of stock required, fencing and water availability. In such cases, grazing
may not be appropriate.
THE ‘DO NOTHING’ APPROACH

The ‘do nothing’ approach to management has been suggested as a potential longterm management solution, where managers allow for natural succession to
decrease weed abundance (Poussard 2004). As the name implies, no active
management of the species is implemented. Whilst this may prove effective, it is
unpredictable how long it will take for any significant reduction in L. filiformis
abundance to occur, particularly because L. filiformis acts as both an annual and a
perennial in different environments. Where perennial growth of L. filiformis exists,
successional change may take longer to occur; the rate of successional change is
often negatively related to the lifespan of the dominant species (Bazzaz 1979; Walker
& Del Moral 2003). In addition, it is unpredictable which species will dominate later
seral stages. Such species may be as equally undesirable as L. filiformis. The speed
and predictability of succession can be manipulated to eliminate the disadvantages of
a ‘do nothing’ approach. This management strategy is known as ‘successional weed
management’ and will be discussed further in Chapter 5.
DISTRIBUTION OF LACHNAGROSTIS FILIFORMIS AND ASSOCIATED SPECIES
IN THE STUDY AREA

A general description on the distribution of L. filiformis and associated plants for each
study site is given below followed by a brief discussion of its general habitat and
associated species in western Victoria. This information may be useful for predicting
successional trends on other dry lakes and adds to the limited knowledge on the
composition of dry lake bed plant communities.
Lake Learmonth
Puccinellia perlaxa dominated the southern and western edge of Lake Learmonth,

and its distribution on the lake was expanding toward the lake centre. This may be
due to several factors. Soil moisture may decrease faster towards the edge of the
lake, thus favouring the C4 grass, P. perlaxa. C4 grasses are generally more drought
tolerant (Hattersley 1983). Therefore, there may be an initial shift in species
dominance as the wet areas of lake beds dry out, first being dominated by C3
grasses such as L. filiformis, and later becoming dominated by C4 grasses, such as
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P. perlaxa. Alternatively, P. perlaxa may be slower than L. filiformis to invade from

the lake edge inwards due to less efficient dispersal mechanisms.
Green Lake

The low foliage cover recorded for all species occurring on Green Lake may be due
to low rainfall, thus inhibiting germination and growth. The total rainfall in 2006 was
49% below the region’s average. The centre of the lake was dominated by L filiformis,
which may be surviving through increased soil moisture due to surface runoff toward
the lake centre. The lake edge may also dry out faster than the centre, leaving the
lake edge unsuitable for L. filiformis.
Lake Polpara

The lakebed community on Lake Polpara appears to have gone through
successional change. The lake once dominated by L. filiformis (J. Ridler, pers. com.),
is now dominated by the exotic grasses, Hordeum glaucum*, Holcus lanatus* and
Vulpia myuros*. The current grazing treatment, or any other means to control L.
filiformis, may not be required on the lake. However, grazing may provide fodder to

sustain stock through drought years.
McCosslens Swamp

The lakebed of McCosslens Swamp has low spatial variability in plant species
composition. It is dominated by L. filiformis and the exotic Helminthotheca echioides*,
with low abundance of Lolium rigidum*, Lagurus ovatus*, Hordeum glaucum*, and
Bromus hordeaceus*. As discussed in previous sections, the dominance may shift

with grazing by stock, favouring L. filiformis in some years.
Lachnagrostis filiformis in western Victoria
Lachnagrostis filiformis is a pioneer species in damp environments, that tends to be

associated with poor species diversity and disturbance, particularly on recently dry
lakes (Edgar 1995; Brown & James 1998; Gosney 2006). It is often replaced by other
grass/herb species with increased time since disturbance. In some cases these
species are exotic (Gosney 2006). However, the time scale over which this change
occurs is unknown and may vary between sites. In wetter areas, where the plant may
act as a perennial, this succession may occur over a longer period (Bazzaz 1979;
Foster & Tilman 2000). This succession of plant communities, in many cases, tends
to occur from the lake edge toward the centre; which species replaces L. filiformis
would depend on local site factors such as climate, neighbouring seed sources and
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disturbance (eg. grazing). These species may include Avena fatua*, Bromus
hordeaceus*, Hordeum glaucum*, Holcus lanatus*, Lolium rigidum*, Lagurus ovatus*,
Puccinellia perlaxa and Vulpia myuros* (Gosney 2006). Being a pioneer species, L.
filiformis is unlikely to extensively recolonise areas dominated by other plant species

without prior disturbance such as herbicide or another flooding event.
The application of control treatments in sites dominated by desirable species, such
as P. perlaxa, should be avoided, thus reducing treatment costs and limiting the
impact on non-target species. Avoiding these areas may also reduce the chance of
weeds (Burke & Grime 1996), including L. filiformis, establishing from transported or
soil seed bank stocks.

Conclusion
When control treatments requiring immediate results are needed, slashing and
herbicide application appear to be the most effective choices. Slashing does not
appear to result in increase foliage cover or seed head biomass of L. filiformis in the
following year, unlike late application herbicide. However, slashing may not be
feasible on large infestations, and its effectiveness may vary depending on seasonal
rainfall. Non-selective herbicide, when applied late in the growing season results in
reinvasion, and can lead to a substantial increase of seed head biomass (by 86–
150%) and foliage cover (by 34–37%). Application earlier in the growth season
should be trialled. Grazing may be effective in reducing the impact of L. filiformis if
continually grazed at high stocking rates, but can result in increased foliage cover of
L. filiformis depending on the relative palatability of competing plants.

Surveys of the lakebed should be conducted to confirm areas of high L. filiformis
abundance requiring treatment prior to application. This may reduce undesired
effects on non-target species, treatment costs and chances of weed invasion.
The results highlight how weed management aimed at achieving short-term goals,
without controlling the ecological processes that promote a weeds establishment and
persistence, can be counter productive in the long-term. Late application herbicide,
slashing and grazing focus on controlling the plant during the treatment year, but fail
to suppress the colonisation of the site by L. filiformis in the following year.
Lachnagrostis filiformis is therefore able to reinvade the site in the following year to

similar abundances prior to treatment, or even greater. However, these treatments
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may be effective if integrated with other strategies aimed to prevent reinvasion by L.
filiformis in future years.
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Chapter 3
Competitive interactions along a soil moisture
gradient

Introduction
In grasslands, the dominance of both invasive and non-invasive species is limited by
propagule availability more than other factors such as competition and safe sites for
germination (Seabloom et al. 2003). When seeds required for successional change
are not represented in the established vegetation or seed bank, the rate of
successional change is hindered (Bakker & Berendse 1999; Perry 2002). Many
studies have therefore introduced propagules of desired species under such
conditions, to accelerate and direct the change towards a more predictable outcome
(Tilman 1997; Thompson et al. 2001; Warren et al. 2002; Prober et al. 2004). This
strategy was tested for Lachnagrostis filiformis, involving broadcasting seed of
Atriplex australasica and Puccinellia perlaxa in the field (Chapter 2).

However, when propagules are not limited, abiotic conditions (eg. soil moisture and
nutrients) and competition for limited resources control population dynamics
(Buckland et al. 2001; Lenz & Facelli 2005). If species differ in their competitive
rankings it will have an impact on the establishment of a neighbouring plant (Turnbull
et al. 1999; Kolb & Alpert 2003; Lenz & Facelli 2005). Understanding the competitive

rankings of species assists in predicting shifts in species dominance.
Lachnagrostis filiformis requires high levels of soil moisture to achieve its maximum

size and seed production (Zedler and Black 2004). Where propagules of competitive
species are present, L. filiformis may be displaced or its performance restricted due
to moisture stress. Understanding the competitive ability of L. filiformis would assist in
predicting the direction of successional change and the suitability of species to be
broadcast as competitors.
To complement seed dispersal field trials (Chapter 2), this chapter examined the
competitive ability of A. australasica and P. perlaxa along a soil moisture gradient
and thus the suitability of the species to act as competitors. Understanding their
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growth along a soil moisture gradient may also help to predict invasions of L.
filiformis into new habitats (Dietz & Edwards 2006). Germination rates and

requirements can have a significant effect on a species’ competitive ability (Turnbull
et al. 1999; Rice & Dyer 2001). These attributes, were therefore, also assessed for

each species.

Objective
The objective of this trial was to determine whether A. australasica and P. perlaxa
are able to outcompete L. filiformis. This chapter also describes the germination rates
and germination requirements of these species within a range of temperature
regimes.

Methods
POT EXPERIMENT

An additive competition design was used with three factors;
i.) competitor species: A. australasica, L. filiformis and P. perlaxa,
ii.) competitor density: 0, 3 and 9, and
iii.) soil moisture regime: 10, 25 and 45% soil moisture.
Seeds from P. perlaxa were collected (M. Moerkerk, DPI) in November 2002 from
Lake Cogumbul (36°57’00”S, 141°25’00”E), Victoria and A. australasica in May 2006
from Lake Natimuk (36°42’00”S, 141°55’60”E), Victoria. Seeds were stored in air tight
plastic bags in dry dark conditions until the experiment was conducted in August
2006. Atriplex australasica seed was removed from the surrounding dry fruit prior to
the experiment by hand threshing. The seeds of each species were sown into sandfilled seedling trays (250 x 350 x 60mm) and placed into germination cabinets at
15/30°C thermocycles and 12hr dark/light cycles. Seedling trays were placed into
water-filled trays of 40mm depth, three times per week, to facilitate watering from
below, and ensuring minimal disturbance of soil and seedlings. After two weeks,
when seedlings were approximately 2cm tall, they were transplanted into pots 14cm
in diameter and 11cm deep filled with washed sand. One L. filiformis seedling was
planted in the centre of each pot with neighbours planted approximately 2cm from the
centre of the pot. To examine the growth of all three species along the soil moisture
gradient without competition, one seedling of each species was planted in the centre
of a pot free of competitors. Pots were placed randomly within a temperatureregulated glasshouse set at a minimum temperature of 12°C and maximum of 30°C.
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All pots were watered with overhead sprinklers for 1min, once a day for one week
prior to the commencement of soil moisture treatments. Each treatment was
replicated across ten pots. Four hundred ml of liquid nutrients diluted in water
(Maxicrop®, Maxicrop Aust, Pty Ltd: 1.3% Nitrogen, 0.8% Phosphorus and 2.1%
Potassium) were added to each pot after one, four and seven weeks at a
concentration of 0.003:1.
To maintain moisture regimes, five pots were randomly selected from each treatment
and soil moisture was monitored with a soil moisture probe and meter (MP406,
MPM160, ICT International, Australia). Thrice weekly, five soil moisture samples
were taken per pot and the mean was calculated; the required volume of water was
then calculated and added to each pot to bring soil moisture to the desired level (10,
25 or 45%).
After ten weeks, shoots and roots of the target plant were separated from the soil and
competitor plants by immersing the pot in water and hand sorting. The roots and
shoots were dried at 40°C for 24hrs, placed on scales and weight recorded in grams
to four decimal places.
SEED GERMINATION

The same seed lots used in the pot experiment were also tested for germination.
Atriplex australasica seed were extracted from fruits prior to germination trials. Fifty

seeds of each species (A. australasica, L. filiformis and P. perlaxa) were placed in a
Petri dish lined with moistened filter paper, with four replicate Petri dishes for each
species. Seeds were then tested for germination under 12hr cycles dark/light and
temperature regimes of 15°C daily minimum and 15, 25 or 30°C daily maximum
(Gosney et al. 2006). Seeds were classed as germinated when the radicle protruded
from the seed coat by 2mm. Germinated seeds were counted and removed daily.
Germination rate was calculated by the number of days until 50% of the total number
of seeds germinated (Rossello & Mayol 2002).
STATISTICAL ANALYSIS

Data were fitted as a nested design for both pot and seed germination trials. For pot
trials, species was nested within both competitor density and moisture regime. For
seed germination trials temperature was nested within species. ANOVA/MANOVA
was used to analyse data using the general linear models (GLM) procedure and
Pillai’s trace as a test statistic in SPSS version 14. Tukey’s pairwise comparison was
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used to compare differences between treatments when the ANOVA/MANOVA
revealed significant differences. All assumptions were tested prior to analysis.
Shoot and root biomass data were positively skewed and were therefore log(y +1)
transformed prior to analysis to meet assumptions. Germination rate data failed to
meet assumption of normality even after transformation. These data were therefore
analysed using the non-parametric Kruskall-Wallis test.
STUDY LIMITATIONS

Competition experiments trialled in pots are subject to differing physiochemical
parameters to that found in the field, such as nutrient regime, soil type, drainage and
soil temperature (Passioura 2006). As a result, competitive interactions may differ to
those found in the field and caution should be used when interpreting results.

Results
POT EXPERIMENT

Differences were found in L. filiformis shoot and root biomass with both inter- and
intra-specific competition (Figure 26; ANOVA, F2,173 = 4.72, P = 0.001). Specifically,
L. filiformis was able to produce greater shoot and root biomass under competition

from P. perlaxa compared to competition from other L. filiformis plants (Figure 26).
The competitive effects of A. australasica on L. filiformis shoot and root biomass
were not different to competition from other L. filiformis plants (Figure 26). The main
effects of competition on the shoot:root ratio of the target L. filiformis plant were not
significant (ANOVA, F2,173 = 02.25, P = 0.108).
Moisture regime had a significant effect on shoot and root growth of species grown
without competition (MANOVA, F2,84 = 3.81, P = 0.005), with increased biomass
occurring under higher moisture regimes (Figure 27). In addition, shoot and root
biomass differed between species grown without competitors (MANOVA, F2,84 = 9.91,
P < 0.001); Lachnagrostis filiformis produced the greatest biomass, followed by A.
australasica and P. perlaxa (Figure 27).
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Figure 26. Shoot and root biomass of L. filiformis under i–ii) 10%, iii–iv) 25% and v–vi)
45% soil moisture regimes. Legend is common to all figures. Error bars represent ±
standard error. Different letters within each competitor density treatment denotes means
are significantly different.
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SEED GERMINATION

A maximum germination of 96.5±0.8% was achieved for L. filiformis at 15/30°C,
68.0±0.08% for A. australasica at 15/30°C and 21.0±4.4% for P. perlaxa at 15/25°C.
Total germination of L. filiformis (ANOVA, F3,9 = 837.68, P < 0.001) and A.
australasica (ANOVA, F3,9 = 65.08, P < 0.001) was reduced at temperature regimes

with a maximum below 30°C (Figure 28). Total germination for P. perlaxa was
significantly reduced when maximum temperatures deviated from 25°C (ANOVA, F3,9
= 383.86, P < 0.001).
Atriplex australasica and P. perlaxa did not achieve 50% total germination in 15/20°C

and 15/25°C temperature regimes and therefore germination rate was not analysed
at these temperature regimes. However, under a 15/30°C temperature regime,
differences occurred in the number of days taken to reach 50% germination
(Kruskall-Wallis, F= 8.54, P = 0.014). In particular, L. filiformis had a higher
germination rate than both P. perlaxa (Figure 28; Kruskall-Wallis, F= 6.40, P =
0.011) and A. australasica (Kruskall-Wallis, F= 6.40, P = 0.011).
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Discussion
The results indicate that L. filiformis is competitively superior to P. perlaxa in the early
stages of growth under the tested moisture regimes. The low shoot and root biomass
of P. perlaxa under all treatments, in addition to its poor germination success,
confirmed claims that the grass is slow and difficult to establish (Tasmanian Pastures
and Field Crops Advisory Committee 2006). Puccinellia perlaxa would compete
poorly with L. filiformis on bare soil as a seedling. However, being a perennial late
successional species, once a dense canopy develops this plant may be able to
establish between other plants. It may then out-compete L. filiformis seedlings for
light, nutrients and moisture, preventing the weed from reinvading (Kleijn 2003).
Puccinellia perlaxa also germinated slower than L. filiformis. This can have a

significant effect on the competitive advantage of a species in the early stages of
growth (Turnbull et al. 1999; Rice & Dyer 2001), further confirming the poor
competitive ability of P. perlaxa as a seedling on bare soil.
Although A. australasica was not competitively superior to L. filiformis, it was also not
competitively inferior. However, it germinated slower than L. filiformis, which, as
discussed above, may also give this species a slight disadvantage when competing
with L. filiformis seedlings. The germination of A. australasica is also reduced at
maximum daily temperatures below 30°C. As L. filiformis germinates during winter, it
may germinate and establish earlier in the year than A. australasica giving, L.
filiformis further competitive advantage.

Since neither A. australasica nor P. perlaxa were competitively superior to L.
filiformis, the seed bank of L. filiformis may need to be reduced for the seed

broadcasting of these species as competitors to be successful. Alternatively, a more
successful approach may be to broadcast the seeds of desired species (page 13)
soon after the lakes dry out, and prior to the establishment of L. filiformis. Broadcast
seed would be exposed to less competition from L. filiformis and have a greater
chance of establishing (Kleijn 2003). This strategy as a management approach is
discussed further in Chapter 5. Species with a greater competitive advantage may be
more suitable than A. australasica and P. perlaxa for seed broadcasting where large
seed banks of L. filiformis exist. Further trials are needed to identify such species.
Lachnagrostis filiformis seed does not enter a dormancy period, and while total

germination may be reduced it may still germinate in the dark (Gosney et al. 2006).
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Due to its rapid germination in a wide range of conditions, L. filiformis seeds may not
be able to persist in the seed bank for more than one or two years because of loss
due to germination. Therefore, by reducing the seed rain of L. filiformis (for example
through early application of herbicide) the seed bank may also be reduced.

Conclusion
Puccinellia perlaxa and A. australasica are not competitively superior to L. filiformis

as seedlings. They may be useful species to broadcast onto sites where there is low
competition from the weed such as recently dry lakebeds where L. filiformis is yet to
establish. However, in areas where they are subject to intense competition from L.
filiformis seedlings, these species may be unsuitable for seed broadcasting.
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Site colonisation following a control burn

the controlled burn, conducted by management authorities on Lake Learmonth and
Lake Burrumbeet, as an opportunity to assess the fires effect on L. filiformis
recruitment via seed and survival of tussocks.
OBJECTIVES

The objectives of this experiment were to:
i.)

determine whether L. filiformis seeds, on or near the soil surface (in the top
0–5mm of soil), exposed to a control burn on Lake Learmonth and Lake
Burrumbeet remained viable and germinable,

ii.)

quantify the number of L. filiformis seeds, on or near the soil surface (in the
top 0–5mm of soil) after a control burn on Lake Learmonth and Lake
Burrumbeet, and

iii.) examine and document the species colonisation during twelve months
following a control burn on Lake Learmonth.

Methods
STUDY SITE

Lake Learmonth and Lake Burrumbeet were used as study sites (Figure 4, page 7).
A site description for Lake Learmonth is provided in Table 1, page 29. Lake
Burrumbeet (2,400ha) located 20km north-west of Ballarat has similar climate to that
described for Lake Learmonth. The lake dried in 2005, however, the centre of the
lake is subject to occasional flooding. A control burn was conducted on both lakes in
late January 2008. The maximum day temperature during the Lake Learmonth and
Lake Burrumbeet burns were 27°C and 28°C, respectively, with south-easterly winds
at speeds of 52km/hr and 41km/hr.
SEED BANK SIZE AND VIABILITY

Data from trials discussed in Chapter 2 provided information on species abundance
along an elevation gradient on Lake Learmonth prior to the fire event. For this
reason, the same sampling locations were used on Lake Learmonth.
Ten soil samples of 50mm x 50mm and 0–5mm deep were taken randomly from
30m2 areas in the following burnt vegetation communities on the southern half of
Lake Learmonth (see pages 45 & 55 for vegetation descriptions):
i.)

L. filiformis grassland, 750m from the lake edge (37°26’30”S, 143°42’11”E),
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SITE RECRUITMENT

Following the control burn, sites were assessed monthly for regrowth from burnt
tussocks and from the seed bank. To determine if community composition had
differed after the fire event, control plots on the southern half of Lake Learmonth,
described in Chapter 2, were resampled in late November 2008 using the methods
described on page 34.
STATISTICAL ANALYSIS

Seed bank density/germinability data were analysed using two way analysis of
variance (ANOVA) using the general linear models (GLM) procedure and Pillai’s
trace as a test statistic in SPSS version 14. Tukey’s pairwise comparison was used
to compare differences between treatments. Means were considered different at P <
0.05. All assumptions were tested and met prior to analysis.
To assess successional change after the burn, relative cover of plants was calculated
(See Brower et al. 1997), and data analysed using MDS and two-way ANOSIM2,
including the effect of sample year and block (distance from lake edge). The BrayCurtis coefficient was used to determine the similarity in community composition
among treatments/blocks. Data were log(y + 1) transformed to allow taxa of
intermediate and rare abundance to contribute to the analysis (Clarke 1993). Where
differences in species composition were identified by the ANOSIM2, Similarity
Percentages (SIMPER) were used to determine which species contributed most to
these differences.
STUDY LIMITATIONS

The study was conducted opportunistically after the control burn event. Treatments
could therefore not be replicated without confounding with sampling location (Hurlbert
1984). Sampling locations for each treatment were located as close as possible to
each other to reduce spatial variability (Hewitt et al. 2001). However, caution should
be taken when extrapolating results beyond conclusions noted in this thesis.
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Figure 32. Germination of Lachnagrostis filiformis seed following a fire event on i)
Lake Learmonth and ii) Lake Burrumbeet. Seed were collected in areas dominated by
either L. filiformis, Pucinellia perlaxa or co–dominated by the two species. Legend is
common to both figures. Error bars represent ± standard error. Different letters denote
means are significantly different between treatments.

Large numbers of L. filiformis seed remained in the top 0–5mm of soil (6.7–9.1
seeds/cm2), including sites dominated by P. perlaxa plants (Figure 33). Seed bank
densities were not lower in burnt sites compared to unburnt sites on Lake Learmonth
and Lake Burrumbeet (Figure 33; ANOVA, F3,6 = 2.24, P = 0.136; F1,6 = 3.62, P =
0.103).
Whilst P. perlaxa seed bank densities were substantial in some regions of the lake
(Figure 33), low germination was recorded for this species with mean total
germination in sites co-dominated and dominated by P. perlaxa of 0.5±1.0% and
10.5±2.5%, respectively.
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Figure 34. MDS ordination of control plots on the southern half of Lake
Learmonth by sample year. Dashed lines highlight segregation by distance from
lake edge.

MDS ordination exhibits clear separation of plots by sample year (Figure 34).
ANOSIM2 confirms that the species composition differs between sample years (R =
0.7, P = 0.022). SIMPER shows that the relative abundance of P. perlaxa, Lactuca
serriola* and Lactuca saligna* (Willowleaf Lettuce) are increasing with time despite

the fire event. The relative abundance of L. filiformis decreased in summer 2007/08
compared to the previous year; however, its relative abundance increased 11 months
after the fire event (contributing to 11% of the dissimilarity). Puccinellia perlaxa
continued to invade further into the lake in summer 2008/09 (Figure 35). Eighteen
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percent foliage cover was recorded for this species 650m from the lake edge in
summer 2008/009, where it was not recorded in the preceding two years.
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Figure 35. Foliage cover of L. filiformis and P.
perlaxa on the southern half of Lake Learmonth in:
i) summer 2006/07; ii) summer 2007/08; and iii)
summer 2008/09, 11 months post fire.
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Discussion
Burning of L. filiformis in late spring/early summer can be difficult as the leaves still
have high moisture content when the seed heads begin to disperse. The plant at this
stage will not easily ignite (Poussard 2004). By the time the plant is dry enough to
burn in mid-summer seed heads have already begun to disperse, and burning is
hazardous and requires large numbers of fire fighters. Even if a successful burn is
achieved, L. filiformis plants can survive the fire, retillering from the base. Perennial
forms such as those on Lake Learmonth can persist into the following growth season.
In addition to the plants survival, large seed bank densities remain after the fire (6.7–
9.1 seeds/cm2 in the top 5mm of soil) with 30–41% of seeds remaining viable.
Even in areas dominated by P. perlaxa, where L. filiformis coverage is low, L.
filiformis seed bank densities can be substantial. This may be due to seeds arriving

at the site from wind blown seed heads tumbling across P. perlaxa dominated areas.
Alternatively, it may be due to a seed bank of L. filiformis remaining from previous
years, when it may have dominated the site. The seed longevity of L. filiformis is not
known.
The heat produced by the fire was not measured due to the study being
opportunistically designed after the fire event. However, Morgan (1999) found that
whilst surface temperatures can be substantial (98–458°C), soil temperatures at
10mm depth never increased by a factor of more than 10°C during a fire. An increase
in soil temperature by a factor of 10°C is unlikely to kill L. filiformis seeds buried at
shallow depths by heat alone, but the soil temperature during fire in L. filiformis
grasslands is not known. Soil temperatures would depend on the fuel load, soil type
and soil moisture in addition to weather conditions during the fire.
On the other hand, L. filiformis seed does not enter a dormancy period, and the
majority of viable seeds are able to germinate rapidly without needing germination
cues (Gosney et al. 2006); fire (and smoke) is therefore, unlikely to significantly
increase germination of L. filiformis.
Reduced germination of L. filiformis seeds occurred in sites dominated or codominated by P. perlaxa. This perennial grass can create large tussocks that may
increase the fuel load and therefore create a hotter burn. However, as the treatments
in this study were confounded with sampling area (Hurlbert 1984) it is difficult to
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confirm this. This study does, however, confirm that large numbers of L. filiformis
seed can remain in the top 0–5mm of soil and many of these seeds survive the fire in
addition to the plants themselves.
Puccinellia perlaxa continued to invade further into the bed of Lake Learmonth

despite the fire event. This species may provide a desirable community that is
resistant to invasion by short-lived pioneer species. Future management should aim
to facilitate this successional shift from a L. filiformis dominated community to a P.
perlaxa dominated community. The foliage cover of L. serriola* and L. saligna* also

increased over time despite the burn. Whilst these species are exotic, they may
provide competition for L. filiformis reducing its seed head output and thus impact.
However, management approaches specifically designed to retain or introduce exotic
species such as these should be considered with caution.

Conclusion
Burning L. filiformis stands results in almost complete removal of foliage cover. Since
L. filiformis tends to act as a pioneer, the chances of re-colonisation by L. filiformis

may be increased; particularly as both L. filiformis tussocks and seed can survive the
fire. Therefore, burning as a sole treatment for L. filiformis may be ineffective in the
long-term. However, if burning is integrated with other treatments and colonisation of
the site is managed following a burn, for example, through seed broadcasting, the
abundance of the weed may be reduced through competition in following years.
Areas dominated by non-target species should be avoided when applying destructive
control treatments such as burning or herbicide application. The seed banks in these
areas can still include large numbers of L. filiformis seed. Avoidance of these areas
would not only reduce treatment costs, but may also reduce the likelihood of pioneer
weeds, such as L. filiformis, establishing from soil-stored seed.
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Chapter 5
Successional Weed Management and how it can be
applied to Lachnagrostis filiformis

Introduction
It has long been observed that the dominant species within vegetation communities
can change over time (McCook 1994). This process of species change on a given
site is referred to as succession (Bazzaz 1979; Walker & Del Moral 2003). It is
commonly observed that the changes in vegetation composition follow similar
patterns after natural or human induced disturbances. Understanding these changes
and what drives them is essential for effective weed management (McCook 1994). A
brief overview of successional theories and processes is therefore given, followed by
a description of ‘successional weed management’ (Sheley et al. 1996). To conclude
this chapter, the current knowledge on L. filiformis is synthesised and integrated into
a potential successional weed management strategy for L. filiformis.
SUCCESSION OF PLANT COMMUNITIES

Succession refers to the characteristic sequence of developmental stages following
disturbance. Each individual community is referred to as a seral stage, with the final
stage in the successional sequence being the climax stage. However, whether
succession leads to a climax community is often challenged (Terborgh et al. 1996;
Fernandez-Gimenez & Allen-Diaz 1999; Freckleton et al. 2000; Johnstone & Chapin
2003; Scheffer et al. 2003). This debate is discussed later in this chapter.
Two basic mechanisms drive change from one seral stage to another: autogenic and
allogenic succession. When the change is derived from organisms within the
community, such as competition or herbivory, it is termed autogenic succession.
Allogenic succession occurs when abiotic factors drive the change such as a flooding
or fire. Initial species change following disturbance is often driven by allogenic
mechanisms, whereas following seral stages are often driven by autogenic
mechanisms (Walker & Del Moral 2003). As an environment changes, whether
through biotic or abiotic components, different plant traits are favoured and previously
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dominant species are gradually replaced by those possessing the favoured traits
(Lichter 1998).
The duration of a given seral stage is best measured in relation to the life span of the
species involved, often one to ten times the life span of these species (Walker & Del
Moral 2003). Therefore, the first seral stage, which occurs after disturbance may
occur over a relatively short period as many of these pioneer species are annuals.
The subsequent seral stages occur over a longer period of time as the lifespan and
phenological cycle of these species is often longer (Bazzaz 1979; Foster & Tilman
2000). As L. filiformis can act as an annual and a perennial, the rate of succession in
L. filiformis dominated grassland may be difficult to predict. The rate of change from

one sere to another is also dependant on local site factors, such as isolation,
propagule pressure (i.e. the number of individuals, such as seeds or regenerative
plant fragments, released into an environment; Lockwood et al. 2005) and the
mechanisms that regulate the change such as rainfall or temperature (Walker & Del
Moral 2003).
Succession beginning on a sterile substrate with no surviving biota, such as the bare
soil from retreating glaciers or from larva flows is termed primary succession. As
there is no surviving biota, primary succession requires colonisation by species from
outside the disturbed area.
Secondary succession begins on disturbed substrates where some flora and faunal
species as well as seeds survive the disturbance, such as flood, fire or cultivation
(Calvo et al. 2002; Westbrooke et al. 2005). While some species may invade the site
from outside the area (Florentine & Westbrooke 2005; Florentine et al. 2006), many
of the species are recruited from surviving propagules, whether it is by seed or
regenerating from plant fragments; in the case of L. filiformis, regeneration would
occur from seed.
Distinctions between these two early stages of succession are not always clearly
definable and should be looked at as points on a continuum (Walker & Del Moral
2003). Whether the dry lakebeds of interest are going through primary or secondary
succession is debatable, as this depends on whether plants are recruited from the
seed bank or from the surrounding environment (Grandin & Rydin 1998). Since the
majority of the lakes are not ephemeral, but (usually) permanent water bodies, many
of the seeds may not survive the prolonged flooding between drought periods. Many
of the lakebeds in Victoria may therefore be going through primary succession, seeds

80

Successional weed management

being introduced onto the dry lake surface from plants growing on the lake edge or in
nearby habitats. Due to its large seed production and extremely efficient dispersal
mechanisms, L. filiformis may often be the first species to disperse its seed onto a
recently dried lake bed.
THEORETICAL MODELS OF SUCCESSION

Two broad groups of theoretical models of plant succession exist: equilibrium and
non-equilibrium models. The equilibrium model proposed by Hult (1885) and
supported by Clements (1916; 1928; 1936) was the dominant view from 1900–1950
(Glenn-Lewin et al. 1992). Equilibrium models view plant succession as linear, with a
predictable trajectory and a single fixed equilibrium or climax community in the
absence of further disturbance (Westoby et al. 1989; McCook 1994). The sequential
dominance of each seral community arises from the dominant species modifying their
environment (eg. nutrients, light or moisture). The environment is often made less
favourable for regeneration of the residing species and more favourable to a new
invader. For example, a pioneer grass species that requires light for germination and
establishment may invade bare soil at a disturbed site. It then rapidly increases in
abundance until the canopy closes over, shading the soil. The germination and
growth of seedlings of this species is then hindered due to the low light conditions
under the canopy. This then allows seeds of a less competitive, but shade tolerant
species to establish. The species dominance shifts towards this new invader, which
in turn modifies the environment, fewer species being able to invade as each new
seral community develops. This continues until no new species are able to invade
and thus equilibrium or climax is reached (Clements 1916, 1928, 1936; McCook
1994). This view on successional change does not take into account species
interactions, and invasions are based on aspects of the invader or invaded system
independently (De Angelis 1987).
This equilibrium theory was first challenged by Gleason (1917; 1926), and the nonequilibrium view has dominated since the 1950’s (Egler 1954; Noble & Slatyer 1979;
Johnstone & Chapin 2003; Scheffer et al. 2003; Moria et al. 2007). The nonequilibrium view suggests that succession is not always linear and does not always
reach a predictable endpoint (Drury & Nisbet 1973). Succession in this model is seen
as an unknown community changing into another unknown community rather than a
known community approaching a known endpoint (Walker & Del Moral 2003). This
framework takes into account species interactions and stochastic events and
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therefore each community develops individually according to disturbance history,
abiotic factors and species composition (Gleason 1917).

The development of ‘successional weed management’
Weed management can often be focused on short-term goals without consideration
of the successional trajectory after implementation of the management practice
(Sheley et al. 2006). Without careful planning and implementation, management
interventions may temporally successfully control a weed, but have little effect on the
ecological processes that facilitate or promote reinvasion, thus failing to control the
weed in the long-term (Krueger-Mangold et al. 2006; Sheley & Denny 2006). This
can be expensive, particularity for large scale infestations, as the treatments may
need to be applied regularly (eg. annually or biannually) to keep the weed population
low (Sheley et al. 1996). To achieve sustainable management, the fundamental
ecological processes that promote establishment and persistence of the weed needs
to be addressed (Sheley et al. 1996; Sheley & Krueger-Mangold 2003).
Invasion of a community by a given species requires, firstly, a suitable safe site for
seeds of the colonising species to germinate and establish; secondly, there must be
propagules of the colonising species available; and thirdly the species must be able
to compete for available resources and reproduce (Krueger-Mangold et al. 2006). A
weed management model developed by Sheley et al. (1996) uses these traits to
address the underlying mechanisms of succession, based on the non-equilibrium
successional framework of Picket et al. (1987). This model aims to develop a plant
community that is weed-resistant, while meeting other land-use objectives such as
the development of wildlife habitat, recreational facilities or pasture. The development
of a plant community with high functional diversity decreases weed invasion through
the exploitation of available resources (Pokorny et al. 2005; Fridley et al. 2007;
Zavaleta and Hulvey 2007). To achieve this, an understanding and manipulation of
the ecological processes that promote the establishment and persistence of the weed
is needed (Krueger-Mangold et al. 2006; Sheley et al. 2006). This framework for
weed management is referred to as ‘successional management’ or ‘augmentative
restoration’.
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Successional weed management involves manipulation of the three mechanisms of
succession, site availability, propagule availability and species performance (Sheley
et al. 1996). This requires:

i.)

designed disturbance — manipulating the site to enhance or reduce suitable
micro sites for the germination and survival of seedlings for a given species
to colonise,

ii.)

controlled colonisation — enhancing or reducing the availability of
propagules of a particular species,

iii.) controlled species performance — enhancing or decreasing the growth and
reproduction of particular species.
However, in some cases it may not be necessary or possible to manipulate all three
mechanisms of succession (Bard et al. 2004). Knowledge of the modifying factors
that alter the processes and components of succession can help in identifying
strategic methods for applying successional weed management (Krueger-Mangold et
al. 2006).
DESIGNED DISTURBANCE

Disturbance plays a central role in initiating and altering successional pathways.
Designed disturbance refers to planned disturbance as a tool in altering succession
to create or eliminate site availability (Table 2; Sheley et al. 1996). Disturbance can
initiate, retard, or accelerate succession or alter successional pathways. Designed
disturbance, such as herbicide or burning, can create micro sites (or ‘safe sites’),
which have suitable conditions for the germination and survival of seedlings, allowing
desirable species to colonise. Management can also aim to emphasise high
disturbance areas that are prone to invasion, for example revegetation of roadside
reserves with competitive perennial species, thus reducing site availability for early
successional species.
CONTROLLED COLONISATION

Controlled colonisation aims to increase the rate of colonisation by desired species or
reduce the rate of colonisation by undesired species. Seed banks and propagule
pools can be altered to influence the colonisation of desired/undesired species (Table
2). Examples include, reducing seed dispersal by manipulating dispersal agents such
as vehicles or livestock (Moerkerk 2006), use of biological control to reduce the seed
output of an undesirable species (Hill et al. 2000) or dispersing propagules of desired
species (Prober et al. 2004). Other examples include the use of nurse plants which
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can facilitate the establishment of desired species (Ashton et al. 1997; Warnock et al.
2007).
CONTROLLED SPECIES PERFORMANCE

Controlled species performance involves manipulating the growth and reproduction
of plant species in order to give desired species additional competitive advantage.
There are many tools available for altering species performance; an overview is
given in Table 2. For example, selective grazers can be used to control undesired
palatable species enabling desirable non-palatable species to out-compete the target
species (Bullock et al. 1994). Certain soil physiochemical parameters can also be
manipulated in order to shift the competitive ability of a given species. For example,
high nutrient availability is often attributed to early successional weed dominance,
thus by reducing the nutrient availability the species dynamics can be shifted to a
more desired composition (Sheley et al. 1996).
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Mechanism of
succession
Site availability

Propagule availability

Species performance

Components of
successional management
i) Designed disturbance

ii) Controlled colonisation

iii) Controlled performance

Interference
Competition, herbivory, allelopathy,
resource availability, predators

Climate, prior occupants, herbivory,
natural enemies

Allocation, reproduction timing and
extent

Life history
Stress

Germination requirements, growth
rates, genetic differentiation

Ecophysiology

Abundance, composition, viability

Propagule pool

Biological control, mowing, grazing,
fertilisation, herbicide, burning and
irrigation.

Biological control, mowing, seed
broadcasting, fertilisation, grazing,
herbicide, irrigation and burning.

Landscape configuration, dispersal
agents

Dispersal

Soil conditions, topography, climate,
microbes, litter retention

Herbicide, cultivation, flooding and
draining, grazing, irrigation and
burning.

Size, severity, time intervals,
patchiness

Resource supply

Examples of management treatments

Modifying factors

Processes and
components
Disturbance

treatments. Modified from Picket et al. (1987) and Sheley et al. (1996).

Table 2. Overview of the mechanisms of succession, components of successional management and examples of weed management

Successional weed management

EXAMPLES OF SUCCESSIONAL WEED MANAGEMENT

Successional weed management has been successfully applied to several weeds
since the development of the approach (Luken 1990; Harrod & Reichard 2002; Bard
et al. 2004; Pokorny et al. 2005; Sheley et al. 2006; Fansler 2007; Sheley & Bates

2008). Particular success has been achieved with Centaurea maculosa* (Spotted
Knapweed), which can dominate rangeland communities in North America,
suppressing the understorey of native grasses (Poa and Bromus species). Two
approaches to this problem, both using successional weed management, have been
taken. Both approaches resulted in a substantial reduction in C. maculosa* density
and an increase in native grasses (See Table 3).
One approach to the problem by Larson & McInnis (1989) was to cultivate a site
dominated by the weed C. maculosa*, following up with herbicide application, thus
creating a safe site for desired species to germinate. Secondly, site colonisation was
controlled by drill seeding competitive native species and lastly species performance
was manipulated by using grazing. The livestock selectively grazed the relatively
palatable C. maculosa*, decreasing its performance and thus giving a competitive
advantage to less palatable native species.
An alternative approach involved the use of a broadleaf herbicide to reduce C.
maculosa* density (Sheley & Jacobs 1997), following the herbicide treatment,

fertiliser was distributed on the site. This did not affect the performance of C.
maculosa*; however, it increased the performance of competitive native species,

which reduced the chances of reinvasion. Controlled colonisation was not necessary
in this case. Controlled colonisation, however, is likely to be necessary for many
areas dominated by L. filiformis since they are often poor in species diversity and do
not have the propagules necessary for succession to occur (Gosney 2006).
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98% Centaurea maculosa*,
2% Bromus tectorum / Poa
pratensis

Plant community prior to
weed management
5% Centaurea maculosa*,
95% Bromus tectorum / Poa
pratensis

Biological control
Fertilization
Mowing
Early spring grazing
Irrigation

Biological control
Mowing
Broadcast seeding
Fertilization
Grazing
Drill seeding
Irrigation

Broadleaf herbicide

Flooding and draining

Grazing

Cultivation

Non–selective herbicide

Irrigation

Burning

10% Centaurea maculosa*,
20% Bromus tectorum / Poa
pratensis,
70% seeded species

Resulting plant community

Controlled performance

Controlled colonisation

Designed disturbance

Table 3. Two alternative approaches of controlling Centaurea maculosa* using successional weed management. Modified from
Sheley et al. (1996). Boxed items are those chosen from the list of considered options.
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LIMITATIONS OF SUCCESSIONAL WEED MANAGEMENT

Because the processes controlling succession are often poorly understood,
successional weed management is often not adopted. However, the effectiveness of
the approach increases as the understanding of the factors controlling succession
are identified and addressed (Krueger-Mangold et al. 2006).
Krueger-Mangold et al. (2006) states that a limitation of the successional weed
management framework is that it does not allow for variation in biotic (eg. species
composition) and abiotic factors (eg. soil moisture and nutrients) between sites. The
efficiency of the management practices may also vary temporally, some being more
applicable during wet years, while others in dry years (Bakker et al. 2003; KruegerMangold et al. 2006). However, if the influential processes for succession at each site
are understood, the management can be tailored appropriately and is more likely to
be successful.

How can successional management be applied to
Lachnagrostis filiformis?
Current management of L. filiformis in western Victoria, as described in previous
chapters, focuses on the manipulation of the performance of the plant to reduce seed
head production/dispersal and does not take into account the mechanisms of
succession. While this is effective in achieving short-term goals, it has little control on
the ecological processes promoting invasion, or reinvasion (see Chapter 2). This
results in reinvasion by L. filiformis the following year and can even promote
increased growth and performance of the weed. To achieve sustainable long-term
control for L. filiformis, the fundamental ecological processes that promote
establishment and persistence of the weed need to be identified and addressed
(Sheley et al. 1996; Sheley & Krueger-Mangold 2003).
WHAT ECOLOGICAL PROCESSES PROMOTE THE ESTABLISHMENT AND
PERSISTENCE OF LACHNAGROSTIS FILIFORMIS?

The establishment and persistence of L. filiformis may, in part, be promoted by site
availability. The lakebeds in which L. filiformis dominates are frequently (often
annually) disturbed by fire, herbicide or slashing treatments with the aim of, at least,
temporarily controlling the grass. This creates large areas of bare soil, promoting the
establishment of pioneer species such as L. filiformis. By reducing the frequency of
disturbance, the persistence of L. filiformis may be reduced.
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The lack of propagules of other species may also promote establishment and
persistence of the grass. Many of the sites where the grass dominates are poor in
species diversity, with a near monoculture of L. filiformis (Gosney 2006). The seed
bank may also have low species diversity due to the short time period for propagules
to accumulate after the lake bed was exposed. Because there is low availability of
propagules of later successional species in the standing vegetation and the seed
bank, successional change is likely to be hindered. To speed successional change,
propagule availability of later successional species may need to be increased, for
example through seed broadcasting.
In addition, the current timing of herbicide treatment does not control the seed bank
of L. filiformis. In fact, as discussed in Chapter 2, the seed head does not disperse
from the parent plant after herbicide application; therefore, the seed remains on the
lakebed and the seed bank is likely to increase as a result of the herbicide treatment.
This further promotes the establishment of L. filiformis in the following year.
A longer-term approach to the management of the species may be achieved with
successional management by manipulating those key mechanisms that promote its
establishment and persistence (Chapter 2). This may prove more cost effective in the
long-term compared to current short-term control treatments. It also has the
advantage over the ‘do nothing’ approach by assisting the speed and direction of
succession, giving more predictable results sooner. A potential successional weed
management strategy is discussed below.
DESIGNED DISTURBANCE

Planned disturbance aims to reduce the abundance of L. filiformis and create a safe
site for the germination and establishment of desired species. Whilst herbicide is
currently used in the management of L. filiformis, it is applied when the plants and
seed are mature. This facilitates the reinvasion of the plant in the following year.
Because L. filiformis seed germinates so readily, the majority of the seed bank may
be exhausted through germination in winter, the seed bank then replenishing each
summer after seed fall. However, if the replenishment of the seed bank were
prevented through herbicide application prior to seed maturity, the seed bank and
subsequent propagule pressure from the weed would be considerably reduced in the
following year. Mid-season herbicide may therefore not only create a safe site for
germination of desired species, but also avoid re-colonisation by L. filiformis. Areas
with high abundance of other lakebed species, such as P. perlaxa, should be
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identified prior to herbicide treatment and avoided, to reduce the chance of weed
invasion and damage to non-target species (Burke & Grime 1996).
CONTROLLED COLONISATION

Following designed disturbance, desired species can be introduced to the site at the
start of the next growing season via seed broadcasting. This would control the
colonisation of the site and provide potential competitors that were otherwise absent.
Selection of species for seed broadcasting would depend on the land use objectives
(eg. whether it is intended for conservation of native species), soil physiochemical
parameters (eg. soil salinity) and climate. The land use objectives are likely to
change after a lake dries. Where it was once managed for recreational water sports
or visual amenity when the lake was full, it may become valuable for grazing or
cropping when it is dry and selection of species should suit these needs. Selected
species may be native (p. 13) or exotic (including pasture grasses or crops), but
selections should aim at decreasing resource availability, thereby reducing the
chance of weed invasion (Pokorny et al. 2005; Renne et al. 2006). Although
broadcast seeding of exotic species is somewhat controversial, they can be easier to
establish than native species and very competitive once established (Bottoms &
Whitson 1998; Mangold et al. 2007). Some exotic species may, however, create a
new weed problem. Care should therefore be taken when selecting exotic species for
broadcasting.
A mixture of species may be advantageous to broadcasting a singular species, as it
may lead to a more complete use of limited resources, further decreasing the
chances of invasion (Pokorny et al. 2005). Using a mix of species may also be more
successful within a broader range of environmental conditions. For example, some
species may have greater chance of establishing during dry years, and others during
wet years. By broadcasting a mix of these species, an invasion resistant plant
community is more likely to develop within a wider range of seasonal conditions, as
at least one or two of the species may match the seasonal conditions of that year
(Sheley & Bates 2008). Once established, a mixture of species will be more resilient
and will have a greater chance of persisting than a monoculture (Sheley & Half
2006).
Selected species may not be present at the site prior to seed broadcasting or they
may be present in low abundance. Those species present at the site may eventually
dominate with natural succession; however, the rate of successional change may be
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unacceptably slow due to the limited number of propagules available. The rate of
successional change can be accelerated by increasing the propagule availability of
these species through seed broadcasting (Sheley & Bates 2008).
Whilst seed broadcasting was trialled (Chapter 2), designed disturbance and
performance were not integrated into the management strategy and competitive
pressure of L. filiformis from the seed bank was not controlled. Seed broadcasting
produced little recruitment of seeded species and failed to prevent reinvasion by L.
filiformis. Combining designed disturbance with seed broadcasting creating a safe

site for desired species to establish, may improve the effectiveness of a seed
broadcasting treatment (Sheley et al. 2005).
CONTROLLED SPECIES PERFORMANCE

With current knowledge, there are no practical ways of altering the performance of
lakebed species to reduce L. filiformis growth. However, manipulating all three
mechanisms of succession is not always necessary (Bard et al. 2004). Nonetheless,
there may be ways to reduce the dispersal performance of L. filiformis, thereby
reducing its impact. For example tall fencing could be erected surrounding the lake to
collect windblown seeds. However, tall fencing may be aesthetically unattractive. In
addition, seed heads would have to be removed from the fence regularly to avoid
large build-ups of seed heads, resulting in high wind resistance and subsequent
pressure on the fence structure. Alternatively, trees and shrubs could be planted on
the lake edge, catching windblown seed heads before they reach township areas.
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R

Treatment repeated

Successional weed
management

Broadcast seeding

Current measures
aimed at achieving
short-term goals

Do nothing (control)

Management strategy

Biological control

Biological control

Burning

Late season herbicide

Tree planting
Spray topping

Mid season herbicide
prior to seed maturity

Spray topping

Grazing

Broadcast seeding

Mid season herbicide
prior to seed maturity

Broadcast seeding
(A. australasica and
P. perlaxa)

Slashing

Fertilization

Cultivation

Grazing R

Reduce soil fertility

Fertilization

Slashing

Flooding
Irrigation

Controlled
performance

Controlled colonisation

Designed disturbance

Unknown

Not effective

Unclear

Effective

Effective

Not effective

Short-term effectiveness —
Year of treatment
application

Unknown

Not effective

Can increase L. filiformis foliage
cover

Counter productive, can increase
L. filiformis seed head biomass

Not effective

Not effective

Long-term effectiveness —
Year after treatment application

Table 4. Five management approaches for Lachnagrostis filiformis trialled in Chapter 2 (indicated by solid lines) and a proposed approach using
successional weed management (broken line). Boxed items are those chosen from a list of considered options.
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A PROACTIVE APPROACH FOR DRYING LAKES

Proactive weed management focuses on prevention and eradication of new
infestations before they become established. This is not only more effective than
reactive management, whereby the weed is controlled once established, but is more
economical (Zaveleta 2000; Peterson

& Vieglais 2001;

Simberloff

2003).

Management of L. filiformis has historically been based on a reactive approach. The
plant has only been actively managed after the lake has been covered extensively by
the grass and its seed heads begin to cause problems in lakeside towns. A proactive
approach to managing this weed may be more effective and economical.
For drying lakes where there is a high risk of L. filiformis invasion (eg. where the
species is present on the lake edge before the water levels recede) and subsequent
potential future impact (eg. high residential densities beside the lake), a proactive
management approach may be taken; preventing an infestation by L. filiformis rather
than controlling the plant once it has established. Successional management is more
likely to be successful if applied in the early stages of succession before any early
successional plants such as L. filiformis have established (Sheley et al. 1996; Kleijn
2003). For this reason it may be more economical to allocate funds for managing the
weed at this early stage (Parker et al. 1999). A cover crop may be used, which would
provide vegetative cover in the initial years of succession reducing invasion by early
successional weed species (Kleijn 2003). This plant may be replaced by species
more suitable to local conditions in subsequent years. This proactive approach may
look very similar to the example provided above for successional weed management.
However, since there would be no established plants or seed bank, managers would
have greater control in directing the composition of the vegetation community.
Suitable species will need to be selected and propagules broadcast onto lakebeds
before weeds (including L. filiformis) colonise, establishing a desired plant community
resistant to invasion. For lakes where there is low risk of L. filiformis invasion or low
potential impact (eg. due to low residential densities beside the lake), prevention of L.
filiformis may not be a priority.

93

Chapter 6
Summary and Conclusions

Summary of major findings
The results highlight how weed management aimed at achieving short-term goals,
without controlling the ecological processes that promote a weeds establishment and
persistence, can be counter productive in the long-term. The short and long-term
effects of the various treatments differ substantially. Generally, none of the control
measures trialled in this study managed to prevent reinvasion by Lachnagrostis
filiformis entirely in the year after treatment (Chapter 2). However, L. filiformis

reinvaded to lesser abundance following slashing when compared to herbicide
treatments.
While herbicide applied late season is effective in the short-term, mature seeds are
present on the plant when the herbicide is applied. These seeds remain viable and
germinate readily. In addition, the herbicide reduced the recruitment of Lactuca
serriola*, which may have provided competition in the year after application.

Subsequently, L. filiformis reinvaded with 34–37% greater foliage cover and 86–
150% greater seed head biomass in the year after treatment. Earlier application prior
to the maturity of seeds should be considered. Slashing also appears effective in the
short-term; however, unlike herbicide it was not found to increase foliage cover or
seed head biomass in the year following treatment. Grazing may be effective in
reducing the impact of L. filiformis if continually grazed at high stocking rates but can
shift plant dominance, resulting in increased foliage cover of L. filiformis in some
years. Burning L. filiformis immediately relieves townships from blown L. filiformis
seed heads. However, the plant is often difficult to burn, as plants remain green with
high moisture content until late in the season. Even if the grass does burn, the plants
and the majority of seeds can still survive the fire and persist into the following
summer. As a result, the long-term effectiveness of burning is doubtful.
Large areas of lakebeds can be dominated by non-target species such as Puccinellia
perlaxa, these areas dominated by non-target species should be avoided when

applying control treatments which decrease their foliage cover. The seed banks in
these areas can still include large numbers of L. filiformis seed. Avoiding disturbance
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in these areas not only reduces treatment costs but also may reduce the likelihood of
L. filiformis establishing from any soil stored seed.

Out-competing L. filiformis through seed broadcasting of the native P. perlaxa and
Atriplex australasica was not successful in this study. They are not competitively

superior to L. filiformis as seedlings, and therefore, may not be ideal for seed
broadcasting in areas where they are subject to intense competition from L. filiformis
seedlings.

Future management options
Current management strategies for L. filiformis aim at achieving short-term goals
without controlling the mechanisms of invasion, or re-invasion (Krueger-Mangold et
al. 2006; Sheley & Denny 2006). This results in reinvasion and can increase L.
filiformis abundance.

A more sustainable approach may be to apply successional weed management,
which aims at creating a desired plant community resistant to future invasions. This is
achieved by changing the rate and direction of succession through altering the three
mechanisms of succession: site availability, propagule availability and species
performance. This requires integrating designed disturbance, controlled colonisation
and controlled performance into the management strategy (Sheley et al. 1996;
Sheley et al. 2006). However, integrating all three mechanisms of succession may
not always be necessary (Bard et al. 2004).
For example, designed disturbance may be created by applying herbicide prior to the
seed maturity of L. filiformis. This would reduce the seed bank density of L. filiformis
and thus competition from the weed in the following year, creating a suitable site for
other species to establish. Disturbance should, however, be avoided in areas
dominated by non-target species. Following the herbicide application early in the
season, seed from desired species may be broadcast onto the lake with the aim of
out-competing L. filiformis, and establishing vegetation cover to inhibit future invasion
from weed species. In addition, the dispersal performance of L. filiformis could be
reduced by planting trees or shrubs on the lake edge or tall herbaceous species on
the lake bed, or by strategic fencing acting as seed head traps.
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Poor

Poor

Unreliable

Unknown

Seed broadcasting —
Atriplex australasica

Burning

Successional weed
management

Unknown

Doubtful

Poor

Poor

Seed broadcasting —
Puccinellia perlaxa

Although proposed in this thesis, this management strategy
has not been trialled.

The plant is often difficult to burn due to its high moisture
content. If the grass does burn, seeds and plants are able to
survive the fire. Lachnagrostis filiformis dominance is
therefore likely to persist into the next year.

Seed bank of L. filiformis needs to be managed prior to seed
broadcasting, as it is a poor competitor as a seedling on
bare soil.

Puccinellia perlaxa can be difficult to establish (Tasmanian
Pastures and Field Crops Advisory Committee 2006). As it
is a poor competitor as a seedling on bare soil, the seed
bank of L. filiformis may need to be managed prior to seed
broadcasting.

Can shift plant dominance and increase L. filiformis foliage
cover in some years.

Can increase L. filiformis
foliage cover

Unknown

Grazing

Likely to increase the seed bank of L. filiformis.
Can reduce competition from species such as L. serriola*.
Success of single application can vary depending on rainfall
due to the plants re-flowering (Poussard 2004). Slashing
may prove more effective over late application herbicide if
immediate results are required, as it will not result in an
increase on seed head biomass the following year.

Good

Slashing

Counterproductive —
Can increase seed head
output by 86–150%
Poor

Good

Late season herbicide

Table 5. Summary of trials conducted from November 2006–November 2008 on control measures for L. filiformis.
Treatment
Short-term efficiency
Long-term efficiency —
Notes
one year after treatment
Control (‘do nothing’)
Poor
Poor
A ‘do nothing’ approach may take several years for a
reduction in L. filiformis seed head output, depending on
local site factors and seasonal variation.

Summary and conclusions

Recent changes to the management of Lachnagrostis
filiformis
The results of this study have driven a change in the management of L. filiformis in
the Ballarat region. This began with the establishment of the Fairy Grass Working
Party in February 2008, which was represented by members of the:
x

Ballarat City Council,

x

Department of Sustainability and Environment,

x

University of Ballarat,

x

Department of Primary Industries.

x

Glenelg Hopkins Catchment Management Authority, and

x

Ballarat Environmental Network Inc.

The Fairy Grass Working Party used the research presented in this thesis to adapt
management towards more sustainable long-term control of L. filiformis in Ballarat
district lakes (Learmonth, Burrumbeet and Wendouree) and to increase public
awareness on the impact/effectiveness of L. filiformis control treatments (City of
Ballarat 2008). The public were informed why the problem was occurring, why
current management failed to work in the long-term and how L. filiformis will be
managed in the future. Information was passed on through the media (Anon 2008c;
Perkins 2008a), fact sheets (Appendix 2–5) and public fora held at Ballarat district
lakeside communities in July 2008.
The proposed longer term solutions to managing L. filiformis included trialling aerial
seeding of native species and competitive sterile exotics as cover crops (Barley and
Rye-Corn), and where short-term control is necessary, slashing or herbicide
treatments will be used and applied prior to seed maturity (City of Ballarat 2008). The
tall growth of the Barley and Rye-corn may also have the added benefit of reducing
the dispersal of seed heads off the lakebeds. Trees, shrubs and netting were
proposed to be planted/constructed on the lake foreshore to catch wind blown seed
heads before they reach the township. Greater assistance will also be provided to
community members to minimise the impacts of the seed heads on their own
properties.
Observations suggest herbicide applied earlier, prior to seed maturity (approximately
mid-October), reduces re-colonisation of the weed in the year following treatment.
This may be a result of a reduction in its seed bank. Puccinelia perlaxa plants (which
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are larger than L. filiformis and longer lived) generally survived the early application
of herbicide at 1.5L ha-1, although the plants were stunted as a result of the herbicide.
Lachnagrostis filiformis plants on the other hand did not survive the herbicide

application. In the year following application, greater abundance of P. perlaxa was
observed across Lake Learmonth and Lake Burrumbeet, and L. filiformis abundance
was considerably reduced. The control of L. filiformis was not required on Lake
Learmonth for the first time in six years, and considerably less control was required
on Lake Burrumbeet.
Barley and Rye-Corn crops were stunted in growth and did not effectively control L.
filiformis growth (B. Simpson, DSE, pers. Comm.). Controlling the seed bank, and

thus competition, of L. filiformis prior to seed dispersal may improve results.
However, this is yet to be trialled.

Future research
While this research has increased the knowledge on the management of L. filiformis
there are still many gaps in our knowledge of the ecology and management of this
weed including:
x

the effectiveness of aerial seeding of crop/pasture species and competitive
native species,

x

the effectiveness of successional weed management techniques,

x

seed longevity of L. filiformis in the field,

x

seed longevity of L. filiformis seed in a flooded environment, and

x

the potential of the smut fungus, Telletia inolens, as a biocontrol (page 25),
including the conditions under which it infects L. filiformis, its host specificity
and effectiveness in preventing seed production.

Future research should focus on these gaps in the knowledge of L. filiformis ecology
and management.
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Appendix 1

Lakebed species list
The table below lists all plant species recorded at the study sites from 2006–2008.

Lake Polpara

McCosslens Swamp

Common Name

Green Lake

Species
Amaranthaceae
Helminthotheca echioides *
Asteraceae
Aster subulatus *
Cirsium vulgare *
Conyza bonariensis *
Lactuca saligna *
Lactuca serriola *
Leontodon taraxacoides *
Onopordum acanthium *
Pseudognaphalium luteoalbum
Senecio quadridentatus
Sonchus oleraceus *
Chenopodiaceae
Atriplex prostrata *
Chenopodium glaucum
Compositae
Hypochoeris radicata *
Cyperaceae
Carex breviculmis
Onagraceae
Epilobium hirtigerum
Poaceae
Aira elegantissima *
Avena fatua *
Bromus diandrus *
Bromus hordeaceus *
Holcus lanatus *
Hordeum glaucum *
Hordeum leporinum *
Lachnagrostis filiformis
Lolium rigidum *
Puccinellia perlaxa
Polypogon monspeliensis *
Vulpia myuros *
Polygonaceae
Rumex crispus *

Lake Learmonth

Site

Prickly Ox-tongue

x

x

x

x

Wild Aster
Spear Thistle
Flaxleaf Fleabane
Willow-leaf Lettuce
Prickly Lettuce
Lesser Hawkbit
Scotch Tistle
Jersey Cudweed
Cotton Fireweed
Common sowthistle

x
x

x

x
x

x
x
x

x
x

x
x
x
x

x

x
x

x
x
x

Catsear

x

Common Grass Sedge

Delicate Hairgrass
Wild Oats
Great Brome
Soft Brome
Yorkshire Fog
Northern Barley Grass
Barley Grass
Fairy Grass
Wimmera Ryegrass
Salt Marsh Grass
Annual Beardgrass
Rat-tail Fescue
Curled Dock

x
x

Hastate Orache
Glauacous Goosefoot

Hairy Willow-herb

x

x

x

x

x

x

x

x
x
x
x
x

x

x
x
x

x
x
x
x
x
x
x
x

x
x
x
x
x
x

x
x

* denotes exotic species
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EHLQJ GU\ LW UDSLGO\ VSUHDGV DFURVV EDUH VXUIDFHV ,W LV UHIHUUHG WR DV D SLRQHHULQJ
VSHFLHVWKDWTXLFNO\LQYDGHVEDUHVRLODQGDVWKHVRLOLVVWDELOLVHGLVUHSODFHGE\RWKHU
VSHFLHVWKDWFDQFRPSHWHWKURXJKHDUOLHUJHUPLQDWLRQORQJHUOLIHF\FOHV SHUHQQLDOV 
RUWDOOHUKDELW

)DLU\ *UDVV FDQ EHGLVWLQJXLVKHGIURPRWKHUJUDVVHV ZKHQ LW LV PDWXUHE\ LWV PDQ\
EUDQFKHGOLJKWZHHSLQJVHHGKHDGV±FPLQKHLJKW$VLQJOHVSLNHOHWLVIRXQGDW
WKH HQG RI HDFK EUDQFK FRQWDLQLQJ RQH DZQHG µVHHG¶ VXUURXQGHG E\ WZR EUDFWV  ,W
FDQEHGLIIHUHQWLDWHGWRRWKHUJUDVVVSHFLHVZKHQLPPDWXUHE\WKHVL]HDQGVKDSHRI
LWVOLJXOH7KHOLJXOHLVDPHPEUDQRXVJURZWKIURPWKHMXQFWLRQEHWZHHQWKHOHDIEODGH
DQGWKHOHDIVKHDWKZKLFKZUDSVDURXQGWKHVWHP7KLVIHDWXUHFDQEHVHHQE\WKH
QDNHG H\H RU ZLWK D PDJQLI\LQJ JODVV 7KH KDLUOHVV OLJXOH RI )DLU\ *UDVV LV PP
ORQJ7KHOLJXOHWLSPD\EHEOXQWSRLQWHGDQGRUVOLJKWO\WRUQ

6DOW0DUVK*UDVV
6DOW PDUVK JUDVV 3XFFLQHOOLD SHUOD[D  LV D QDWLYH SHUHQQLDO WXVVRFN IRUPLQJ JUDVV
FRPPRQO\ IRXQG LQ VLPLODU HQYLURQPHQWV WR )DLU\ *UDVV LQFOXGLQJ /DNH /HDUPRQWK
DQG/DNH%XUUXPEHHW,WFDQEHGLIIHUHQWLDWHGIURP)DLU\*UDVVE\LWVEUDQFKHGVHHG
KHDGVZKLFKDUHPXFKPRUHUREXVWDQGKHDYLHUWKDQWKRVHRI)DLU\*UDVV7KHVHHG
KHDGVRI6DOW0DUVK*UDVVGRQRWWHQGWRGLVSHUVHIURPWKHSODQWDVUHDGLO\DV)DLU\
*UDVV DQG DUH XQOLNHO\ WR FDXVH VLPLODU VHHG KHDG UHODWHG SUREOHPV $W WKH HQG RI
HDFKEUDQFKRILWVVHHGKHDGLVDVSLNHOHWFRQWDLQLQJ VHHGV ZLWKRXWDZQVWKH
VSLNHOHW RI )DLU\ *UDVV FRQWDLQV RQO\ RQH DZQHG µVHHG¶ :KHQ LPPDWXUH LW FDQ EH
GLIIHUHQWLDWHGIURP)DLU\*UDVVE\LWVVKRUWHUURXQGHGEOXQWOLJXOH±PPLQOHQJWK
UHIHUGLDJUDPVEHORZ 
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5HVHDUFK5HFHQWO\&RPSOHWHG
8QLYHUVLW\ RI %DOODUDW UHVHDUFK UHYHDOV )DLU\ *UDVV FDXVHV VHHG KHDGHG UHODWHG
SUREOHPV LQ DW OHDVW  ODNHV DQG VZDPSV DFURVV :HVWHUQ 9LFWRULD DQG KDV WKH
SRWHQWLDOWRUDSLGO\VSUHDGH[WHQVLYHO\DFURVVVRXWKHUQ$XVWUDOLD

&XUUHQW FRQWURO PHDVXUHV IRU )DLU\ *UDVV LQFOXGH KHUELFLGH WUHDWPHQW EXUQLQJ DQG
VODVKLQJ7KHVHDUHFRVWO\EXWGRSURYLGHVKRUWWHUPUHOLHIIURPSUREOHPVDVVRFLDWHG
ZLWK ZLQG EORZQ VHHG KHDGV 8QWLO UHFHQWO\ OLWWOH ZDV NQRZQ DERXW WKHLU ORQJWHUP
HIIHFWVDVVLJQLILFDQWUDLQIDOOUHVROYHGWKHSUREOHP

)DLU\ *UDVV KDV H[WHQVLYHO\ FRYHUHG /DNH /HDUPRQWK VLQFH  DQG GHYHORSHG
VLJQLILFDQW SRSXODWLRQV LQ /DNH %XUUXPEHHW DQG /DNH :HQGRXUHH RYHU WKH ODVW
VXPPHUVHDVRQZKLFKLPSDFWHGKHDYLO\RQVXUURXQGLQJSURSHUWLHV

5HVHDUFKKDVEHHQXQGHUWDNHQRQODNHV/HDUPRQWKDQG3ROSDUDDQGDW0F&RVVOHQV
6ZDPSRYHUWZRVXFFHVVLYHJURZLQJVHDVRQV

+HUELFLGHWUHDWPHQWEXUQLQJDQGVODVKLQJDWWKHVHVLWHVUHGXFHGWKHYROXPHRIVHHG
KHDGV GLVSHUVHG IURP WKH ODNHV  ,W DOVR UHVXOWHG ZLWK VXFFHVVLYH DSSOLFDWLRQ WR
LQFUHDVHWKHGHQVLW\RI)DLU\*UDVVLQFRQVHTXHQWJURZLQJVHDVRQV

7KLV LV DWWULEXWHG WR WKH UHPRYDO RI GHVLUDEOH FRPSHWLWLRQ ZKLFK FUHDWHG D VXLWDEOH
JHUPLQDWLRQHQYLURQPHQWIRU)DLU\*UDVVWKHIROORZLQJ\HDU

5HVHDUFKILQGLQJVVXJJHVWWKDWORQJHUWHUPHIIHFWLYHPDQDJHPHQWVWUDWHJLHVPXVWEH
IRXQG LI ODNHV DUH OLNHO\ WR UHJXODUO\ EHFRPHGU\ )XUWKHU LI FRQGLWLRQV UHPDLQ UDUH
DQGWKUHDWHQHGVSHFLHVPD\EHWKUHDWHQHGE\FXUUHQWFRQWUROSUDFWLFHV
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3URSRVHG7UHDWPHQWVIRU6XPPHU6HDVRQ

$ )DLU\ *UDVV :RUNLQJ 3DUW\ ZDV HVWDEOLVKHG E\ WKH 'HSDUWPHQW RI 6XVWDLQDELOLW\
DQG (QYLURQPHQW LQ )HEUXDU\  WR FRQVLGHU QHZ UHVHDUFK DQG RSWLRQV IRU
FRQWUROOLQJ)DLU\*UDVVLQWKHORQJWHUP

7KH&LW\RI%DOODUDWLVDPHPEHURIWKLVSDUW\DORQJZLWK
x 8QLYHUVLW\RI%DOODUDW&HQWUHIRU(QYLURQPHQWDO0DQDJHPHQW
x 'HSDUWPHQWRI3ULPDU\,QGXVWULHV
x *OHQHOJ+RSNLQV&DWFKPHQW0DQDJHPHQW$XWKRULW\DQG
x %DOODUDW(QYLURQPHQWDO1HWZRUN,QF

7KH LQIHVWDWLRQ RI )DLU\ *UDVV KDV KDSSHQHG DV WKH ODNHV KDYH GULHG  $V HDFK
VXPPHUKDVEHHQGULHUWKH)DLU\*UDVVSUREOHPKDVZRUVHQHG

2YHUWKHSDVWILYHRUVR\HDUVWKHUHVSRQVHWRWKHSUREOHPKDVEHHQWRVSUD\HDFK
ODNH/DVW\HDUZKHUHFRQGLWLRQVSHUPLWWHGFRQWUROOHGEXUQVDOVRWRRNSODFH

$VLWEHFDPHFOHDUWKDWVLJQLILFDQWUDLQIDOOPD\QRWKDSSHQDQGWKHODNHVPD\QRWILOO
UHVHDUFK ZDV XQGHUWDNHQ LQWR RWKHU ORQJHU WHUP VROXWLRQV IRU WKH )DLU\ *UDVV
SUREOHP7KLVUHVHDUFKZDVXQGHUWDNHQE\WKH8QLYHUVLW\RI%DOODUDW

,WZDVWKLVUHVHDUFKWKDWWKH:RUNLQJ3DUW\FRQVLGHUHGLQIRUPXODWLQJWKHUHVSRQVHWR
WKHIXWXUHPDQDJHPHQWRI)DLU\*UDVV

$VWKHGHJUHHRILQIHVWDWLRQDPRXQWRIZDWHUSUHVHQWDQGODNHEHGFRPSRVLWLRQVYDU\
EHWZHHQWKHWKUHH ODNHV VHSDUDWH PDQDJHPHQWSODQVKDYHEHHQGHYHORSHGE\ WKH
:RUNLQJ3DUW\WRUHVSRQGWRWKHSUHVHQFHRI)DLU\*UDVVIRUHDFKODNH

/DNH/HDUPRQWK
/DNH /HDUPRQWK¶VIORRU LV GRPLQDWHGE\ )DLU\ *UDVV DQG6DOWPDUVK *UDVV DQGKDV
EHHQVXEMHFWWRDQQXDOVSUD\LQJDQGDVHULHVRIFRQWUROOHGEXUQV

7KHSURSRVHGVKRUWWHUPWUHDWPHQWIRUWKHPDMRULW\RIWKHODNHLVDHULDOVSUD\LQJZLWK
*O\SKRVDWHZKHUHDVWKHORQJWHUPWUHDWPHQWZLOOEHVWUDWHJLFSODQWLQJRILQGLJHQRXV
VSHFLHV WKDW FDQ WROHUDWH DQG FRPSHWH ZLWK )DLU\ *UDVV  7KHVH SODQWLQJV ZLOO WDNH
SODFH DURXQG WKH HGJHV RI WKH ODNH ZLWKLQ ³EXIIHU ]RQHV´ ZKHUH VSUD\LQJ LV QRW
SRVVLEOH GXH WR SRWHQWLDO GULIW IURP WKH ODNH WR DGMDFHQW FURSV WUHHV RU QDWLYH
YHJHWDWLRQ

7KH 8QLYHUVLW\ KDV WULDO SORWV HVWDEOLVKHG -XQH  RI QDWLYH VSHFLHV LQ SODFH
ZKLFK ZLOO UHPDLQ DQG EH XVHG WRIXUWKHUHYDOXDWH VSHFLHV FRPSRVLWLRQDQG GHQVLW\
FKDQJHVRYHUWLPHXQGHUDUDQJHRIWUHDWPHQWV7KLVZLOOEHLPSRUWDQWLQGHWHUPLQLQJ
DQHYHQORQJHUWHUPPDQDJHPHQWVWUDWHJ\LIWKH/DNHUHPDLQVGU\IRUFRPLQJ\HDUV






$SSHQGL[²)DLU\*UDVV)DFW6KHHW

/DNH%XUUXPEHHW
7KHUHLVFRQVLGHUDEOHGLYHUVLW\ZLWKLQ/DNH%XUUXPEHHW¶VODNHEHGFRPSRVLWLRQ3DUWV
RI/DNH%XUUXPEHHWFDUU\VPDOODPRXQWVRIZDWHU

7KHODNHKDVQRWEHHQVXEMHFWWRVXFFHVVLYH\HDUVRIVSUD\LQJRYHULWVWRWDOVXUIDFH
WKHUHIRUHVLJQLILFDQWFRORQLHVRIRWKHUQDWLYHSODQWVKDYHEHHQDEOHWRFRORQLVHZLWKLQ
WKHODNHEHG

,QFRPLQJZHHNVLWLVSURSRVHGWKDWDQXPEHURIVWUDWHJLFDOO\SODFHGURZVRIU\HFRUQ
DQG EDUOH\EH VRZQ WR SURYLGH FRPSHWLWLRQWRWKH )DLU\ *UDVVDQG D WDOOHU VWDQGLQJ
FURSWRUHWDUGWKHJURZWKDQGPRYHPHQWRIVHHGKHDGV$HULDOVHHGLQJZLOOEHWULDOOHG
DQGHYDOXDWHG

,W LV SURSRVHGWR FRQWLQXH WKHGLUHFW VHHGDQG WXEHVWRFN SODQWLQJV ORFDO LQGLJHQRXV
VSHFLHV DORQJWKHVKRUHOLQHV

/DNH:HQGRXUHH
$VVXPLQJ %DOODUDW UHFHLYHV VLPLODU ZLQWHU  VSULQJ UDLQIDOO WR WKH DYHUDJH UHFHLYHG
VLQFH  WRJHWKHU ZLWK WKH DGGLWLRQDO VWRUP ZDWHU GLYHUVLRQV DQG WUHDWHG ZDVWH
ZDWHU VXSSO\ WKDW ZLOO EH DYDLODEOH IURP 'HFHPEHU  WKH VHGLPHQWV VKRXOG
UHFHLYHHQRXJKZDWHUWRSUHYHQWWKHSURGXFWLRQRI)DLU\*UDVVVHHGKHDGVDQGWKH
VSUHDGDQGSUROLIHUDWLRQRIWKHZHHG

$UHDV ZKHUH WKH ODNHEHG LV QRW XQGHU ZDWHU VXFK DV WKH HGJHV  ZLOO VWLOO EH
VXVFHSWLEOH WR )DLU\ *UDVV  (GJHV ZLOO UHTXLUH VODVKLQJ EUXVKFXWWLQJ RU VHOHFWLYH
VSUD\LQJWRUHPRYHH[SRVHG)DLU\*UDVVDQGSURWHFWGHVLUDEOHVSHFLHV

&RQWLQJHQF\3ODQV
'HVSLWH WKH SURSRVHG PHDVXUHV LW LV OLNHO\ WKDW VRPH VHHG KHDGV ZLOO VWLOO EHFRPH
PRELOHDQGUHTXLUHWUHDWPHQW8VHRIQHWWLQJFDWFKEDUULHUVDQGDVXLWDEOHFROOHFWLRQ
DQG UHPRYDO VHUYLFH QHHGV WR EH SUHSDUHG &RXQFLO ZLOO EH VHHNLQJ H[SUHVVLRQV RI
LQWHUHVWIURPFRQWUDFWRUVDQGRUJDQLVDWLRQVWKDWFRXOGSURYLGHVXFKVHUYLFHV








$SSHQGL[
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)DLU\ *UDVV LV D QDWLYH VSHFLHV ZKLFK RSSRUWXQLVWLFDOO\ FRORQLVHV GDPS EDUH
DUHDV,WLVDSUROLILFVHHGHUDQGWKHVHHGKHDGVGHWDFKIURPWKHSDUHQWSODQWDQG
DUHEORZQ DURXQGE\ WKH ZLQG  7KH VHHG KHDGV DUHHDVLO\ WUDQVSRUWHG E\ ZLQG
DQGDLUFXUUHQWV

$V WKH VHHG KHDGV DUH GU\ OLJKW DQG WHQG WR VWLFN WRJHWKHU WKH\ FDQ TXLFNO\
DFFXPXODWHDJDLQVWIHQFHVEXLOGLQJVWUHHVDQGVKUXEV
/HIW WR DFFXPXODWH WKH VHHG KHDGV FDQ SRVH D ILUH ULVN WR EXLOGLQJV UHVWULFW
YLVLELOLW\DQGDFFHVVDQGVPRWKHUSODQWVLQ\RXUJDUGHQ

)DLU\JUDVVPD\LPSDFWRQ%DOODUDW¶VXUEDQDUHDLQWZRZD\V

 6HHGKHDGVFROOHFWLQJRQ\RXUSURSHUW\
 6HHGVJHUPLQDWLQJLQ\RXUJDUGHQ

+2:720$1$*(6(('+($'621<2853523(57<"

x 7KHVHHGKHDGVFDQEHZHWWHGDQGFRPSUHVVHGLQWREDOHVWRPDNHKDQGOLQJ
DQGFROOHFWLRQHDVLHURUFRPSRVWHGZLWKRWKHUJUHHQZDVWH
x :KHQKDQGOLQJWKHVHHGKHDGVLWLVUHFRPPHQGHG\RXFRYHUH[SRVHGVNLQDV
VRPHSHRSOHPD\VXIIHUVNLQLUULWDWLRQIURPDEUDVLRQIURPWKHVWHPVDQGVHHG
KHDGV
x &RXQFLOFDQSURYLGHEDOHEDJVWRODQGKROGHUVWRDVVLVWZLWKWKHFROOHFWLRQDQG
FRQWDLQPHQWRIIDLU\JUDVVVHHGKHDGV
x &RPSUHVV WKH IDLU\ JUDVV VHHG KHDGV LQWR WKH EDOHV DQG FRQWDFW &RXQFLO WR
FROOHFWWKHEDOHVDQGGLVSRVHRIWKHPDSSURSULDWHO\

+2:&$1,*(7&281&,/72'(/,9(525&2//(&77+(%$/(6"

%\ULQJLQJ&RXQFLO¶V&XVWRPHU6HUYLFH1XPEHUDQGVSHFLI\LQJ\RXUQDPH
DGGUHVVDQGZKHWKHU\RXUHTXLUHGHOLYHU\RIEDOHVRUFROOHFWLRQRIILOOHGEDOHVRXUVWDII
DQGFRQWUDFWRUVZLOOOHW\RXNQRZZKHQWKHVHUYLFHZLOOEHSURYLGHG%DOHVZLOOEHOHIW
LQVLGH \RXU SURSHUW\ ERXQGDU\ DQG FROOHFWLRQ ZLOO EH IURP \RXU NHUEVLGH XQOHVV
RWKHUZLVHDUUDQJHG
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x )DLU\ *UDVV VWDUWV DV D VPDOO WXIWHG DQG MRLQWHG JUDVV FOXPS ZLWK QR YLVLEOH
VHHGKHDGWLOODSSUR[LPDWHO\ODWH2FWREHU UHIHU)DFW6KHHW 
x 3ULRU WR SURGXFLQJ IORZHUV DQG VHHG KHDGV DFFXUDWH LGHQWLILFDWLRQ RI )DLU\
*UDVVLVYHU\GLIILFXOW
x ,I \RX KDG VHHG KHDGV SUHVHQW ODVW VXPPHU  DXWXPQ WKHUH DUH OLNHO\ WR EH
VHHGVZLWKLQ\RXUJDUGHQZKLFKPD\KDYHJHUPLQDWHG
x ,I\RXQHHGKHOSZLWKLGHQWLILFDWLRQEULQJDZKROHSODQWLQDVHDOHGSODVWLFEDJ
WR WKH &RQVHUYDWRU\ %DOODUDW %RWDQLFDO *DUGHQV RSHQ  GD\V D ZHHN  DQG
OHDYH\RXUFRQWDFWGHWDLOV2XU%RWDQLFDO*DUGHQVVWDIIZLOOEHDEOHWRDGYLVH
\RXLILWLV)DLU\*UDVV




+2:720$1$*()$,5<*5$66*52:,1*,10<*$5'(1"

,I )DLU\ *UDVV KDV JHUPLQDWHG LQ \RXU JDUGHQ WKHUH DUH DQXPEHU RI ZD\V \RX FDQ
UHPRYHLW DOVRDSSOLHVWRZHHGV 

x 5HPRYH WKH SODQW E\ GLJJLQJ WKH SODQW RXW RI WKH JURXQG HQVXULQJ DOO URRWV
KDYHEHHQUHPRYHG
x 5HJXODUFXOWLYDWLRQRIWKHJDUGHQZLWKDKRHW\QHGFXOWLYDWRURUGLJJLQJRYHU
JDUGHQEHGV
x 8VHRIERLOLQJZDWHUSRXUHGRYHUWKHJUDVVZLOONLOOWKHJURZWKDERYHJURXQG
EXWWKHURRWVPD\UHVKRRW%HLQJDQDQQXDOWKHSODQWZLOOGLHDIWHUUHSHDWHG
ORVVRIOHDYHVDVWKHUHLVQRXQGHUJURXQGVWRUDJHRUJDQ
x 8VHRIQRQVHOHFWLYHKHUELFLGHVVXFKDVWKRVHFRQWDLQLQJJO\SKRVDWH
x *UDVVSUHVHQWLQODZQVLIPRZQUHJXODUO\ZLOOQRWSUHVHQWDSUREOHPDVWKH\
DUHXQOLNHO\WRGHYHORSVHHGKHDGV,WLVPRVWOLNHO\WKDW)DLU\*UDVVZLOOEH
RXWFRPSHWHGE\RWKHUODZQVSHFLHV

8VLQJ*O\SKRVDWHWRFRQWURO /DFKQDJURVWLVILOLIRUPLV )DLU\*UDVV LVDQRIIODEHOXVH
RI WKLV FKHPLFDO DQG LV QRW UHFRPPHQGHG E\ PDQXIDFWXUHUV RU WKH &LW\ RI %DOODUDW
3RWHQWLDO XVHUV DUH DGYLVHG WR FRQWDFW WKH 'HSDUWPHQW RI 3ULPDU\ ,QGXVWULHV IRU
DGYLFHEHIRUHXVLQJ*O\SKRVDWHIRUWKHFRQWURORI)DLU\*UDVV 



Appendix 5
Fairy grass Fact Sheet RURAL AREAS
DEALING WITH FAIRY GRASS IN RURAL AREAS
Fairy Grass is a native species which opportunistically colonises damp, bare
areas. It is a prolific seeder and the seed heads detach from the parent plant and
are blown around by the wind. The seed heads are easily transported by wind
and air currents.
As the seed heads are dry, light and tend to stick together they can quickly
accumulate against fences, buildings, trees and shrubs.
Left to accumulate the seed heads can pose a fire risk to buildings, restrict
visibility and access and smother plants in your garden.
Fairy Grass may impact on Ballarat’s rural area in several ways:
•
•
•
•

Seeds germinating in your pastures in low lying and wetter areas
Seed heads blowing across your property
Seed heads collecting on structures within your property
Seeds germinating in your garden beds or driveway areas

HOW TO MANAGE SEED HEADS BLOWING ON YOUR PROPERTY?
•
•
•
•
•

Ensure there is no fairy grass growing and seeding on your property.
If seed heads have collected against homes or sheds the seed heads can be
wetted and compressed into bales to make handling and collection easier, or
composted with other green waste.
When handling the seed heads it is recommended you cover exposed skin
and some people may suffer skin irritation from abrasion from the stems and
seed heads.
Council can provide wool bale bags to landholders to assist with the collection
as disposal of fairy grass seed heads.
Bales can be provided by Council for you to compress the fairy grass seed
heads into and Council will collect the bales and dispose of appropriately.

HOW CAN I GET COUNCIL TO DELIVER OR COLLECT THE BALES?
By ringing Council’s Customer Service Number 5320 5500 and specifying your name,
address and whether you require delivery of bales or collection of filled bales our staff
and contractors will let you know when the service will be provided. Bales will be left
inside your property boundary and collection will be from your kerbside, unless
otherwise arranged.
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HOW WILL I KNOW IF FAIRY GRASS IS GROWING ON MY PROPERTY?
•
•
•

Prior to producing flowers and seed heads, accurate identification of fairy
grass is very difficult – see colour identification sheet for ligule detail (refer to
Fact Sheet 1)
If you had seed heads present last summer / autumn there are likely to be
seeds within your property which may have germinated.
If you need help with identification, bring a whole plant in a sealed plastic bag
to the Conservatory, Ballarat Botanical Gardens (open 7 days a week) and
leave your contact details. Our Botanical Gardens staff will be able to advise
you if it is fairy grass.

HOW TO MANAGE FAIRY GRASS GROWING IN MY PASTURE?
If Fairy Grass has germinated on your property there are a number of ways you can
manage it (methods also apply to weeds).
•
•
•

Ensure good identification knowledge of desirable pasture species
Avoid overgrazing
Aim for a healthy grass sward with good pasture management practices

HOW TO MANAGE FAIRY GRASS GROWING IN MY GARDEN BEDS AND
DRIVEWAY AREAS ?
If Fairy Grass has germinated and is growing there are a number of ways you can
remove it (methods also apply to weeds):
•
•
•
•

Remove the plant by digging the plant out, of the ground ensuring all roots
have been removed.
Regular cultivation of the garden with a hoe, tyned cultivator or digging over
garden beds.
Use of boiling water poured over the grass will kill the growth above ground,
but the roots may re-shoot. Being an annual the plant will after repeated loss
of leaves die as there is no underground storage organ.
Use of non selective herbicides such as those containing glyphosate.

(Using Glyphosate to control Lachnagrostis filiformis, Fairy Grass is an off label use
of this chemical and is not recommended by manufacturers or the City of Ballarat
without special permit. Potential users are advised to contact the Department of
Primary Industries for advice before using Glyphosate for the control of Fairy Grass.)
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