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Abstract    Boneseed (Chrysanthemoides monilifera
ssp. monilifera) continues to invade natural ecosys-
tems, displacing native species. Sustainable long-term
control of C. monilifera ssp. monilifera at a landscape
scale will require effective biological control agents to
establish and spread into  difficult to access areas. In-
festations which have a higher priority for control, can
be managed by integrated strategies, including a com-
bination of manual pulling (or slashing), fire, herbi-
cides and competitive native species. This paper con-
siders the effects of pulling and slashing as pre-fire
preparations, fire temperature, timing and rate of post-
fire herbicide applications. It also considers the tim-
ing and practicality of post-fire pulling of flowering
seedlings on both boneseed and native species. Re-
sults to date in degraded vegetation favour a strategy
of pulling or cutting mature plants 6-12 months prior
to a burn, an autumn burn at 250-300°C, followed by
spot-spraying with metsulfuron-methyl 18 months
post-fire (before seed set on new seedlings). This strat-
egy caused the highest recovery of native species,
whilst reducing soil seed banks and seedling densities
of C. monilifera ssp. monilifera to levels that may be
manageable for follow up pulling by volunteer groups.

INTRODUCTION

Boneseed  (Chrysanthemoides monilifera ssp.
monilifera) continues to encroach on new areas of tem-
perate Australian vegetation (Scott 1993). The need to
preserve and/or resurrect often species-rich ecosystems
(Vitousek 1997) makes integrated control of C.
monilifera ssp. monilifera a vital challenge. While
many successful weed control techniques and ideas can
be adapted from the better-funded areas of cropping
and pasture systems there are unique limitations in
natural ecosystems where the control of one, or per-
haps a few, serious weeds must be achieved while pro-
tecting or even promoting a much larger number of
native species. (Lane 1979).

C. monilifera ssp. monilifera is a woody aster (Weiss
1986) which can form a monoculture 1-2 m tall in open
situations or an understorey to 3 m in open forested
situations. The hard spherical seed is produced in Aus-
tralia at 44 times the rate in its South African home
range (Adair 1996). In common with many exotic
weeds, the lack of  phytophagous invertebrates and
pathogens that live on C. monilifera ssp. monilifera in
its country of origin apparently increases its competi-
tive ability in Australia (Scott 1996). This paper will
describe the initial trends resulting from a field ex-
periment investigating different control strategies for
C. monilifera ssp. monilifera at the You Yangs Re-
gional Park, near Geelong, in Victoria.

MATERIALS AND METHODS

Five blocks of similar C. monilifera ssp. monilifera
stands were established within a  six hectare study area
in the You Yangs Regional Park, near Geelong, Victo-
ria. The area has a 30 year history of dense C. monilifera
ssp. monilifera infestation  and native trees and shrubs
are now sparse. Each block was divided into six 12 ×
12 m plots, which were randomly allocated to treat-
ments (Table 1). The entire area was subjected to a
controlled burn in March 1997. Soil seedbanks were
sampled pre and post fire. Six 1 × 1 m permanent
quadrats were randomly placed in each plot. C.
monilifera ssp. monilifera seedling numbers and the
presence of native species were recorded in permanent
quadrats on four occasions. Herbicide treatments were:
August 1997 overall spraying of the seedlings with
either glyphosate at (360 g a.i. ha-1) or metsulfuron-
methyl at (6 g a.i. ha-1) with Pulse® penetrant added to
metsulfuron at 0.2% v/v and a spray volume of 400 L
ha-1; August 1998 spot spraying to runoff on all C.
monilifera ssp. monilifera with either glyphosate at
(720g a.i. per 100 litres of spray) or metsulfuron-me-
thyl at (6 g a.i. per 100 litres), both with 0.2% Pulse®.
The volume of spray used in August 1998 varied from
2.8 to 3.9 litres per 12 × 12 m plot for glyphosate and
3.7 to 4.2 litres per plot for metsulfuron.
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Table 1. Summary of treatments to You Yangs site.
Glyphosate (gly), metsulfuron-methyl (met) and
manual pulling of flowering seedlings (pull).

Fire Herbicide Herbicide Pull
Mar 97 Aug 97 Aug 98 Sept 98

Control ✓
Gly 97, ✓ ✓ ✓
   pull 98

Met 97, ✓ ✓ ✓
   pull 98

Pull 98 ✓ ✓

Gly 98 ✓ ✓

Met 98 ✓ ✓

RESULTS

The fire was patchy with peak surface temperatures
ranging from 50°C to 300°C. Despite prolonged dry
weather that had killed much C.monilifera ssp.
monilifera plant material, the fire did not always spread
from the litter layer to the leaves and fine twigs at the
top of the plants. To solve this problem, some areas
were cut and reburnt two weeks after the first fire.
Herbicide treatments in 1997 were variable in their
success in killing C.monilifera ssp. monilifera seed-
lings ranging from 75 to 95% kill in glyphosate plots
and 70 to 99% in metsulfuron plots (means in Fig. 1).
Metsulfuron-methyl appeared to work better     where
the fire had been hotter but there was no obvious ex-
planation for the glyphosate effect variation.
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Figure 1. C.monilifera ssp. monilifera seedling numbers, You Yangs site 1997-98. Controlled burn prior to June
97 data, August 1997 herbicide application prior to Oct 97 data, summer prior to April 98 data, August 98
herbicide and pull treatments prior to Dec 98 data
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Figure 2. A. mearnsii seedling numbers, You Yangs site 1997-98. Treatment times as for Figure 1
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In addition to C. monilifera ssp. monilifera seedlings,
a number of other exotic and native species germinated
after the fire. Capeweed (Arctotheca calendula), was
the most common weed and was severely affected by
glyphosate but not by metsulfuron-methyl. Rock fern
(Austrocheilanthes sp.) and Black Wattle (Acacia
mearnsii) were the most common native perennials.
The number of A. mearnsii seedlings was reduced by
the glyphosate 1997 spray but not by metsulfuron-
methyl 1997 spray (Fig. 2).  A. mearnsii seedlings were
often stunted and deformed after metsulfuron spray-
ing but had a high rate of survival and recovery.
Austrocheilanthes sp. presence in quadrats was not sig-
nificantly reduced by either 1997 herbicide treatment
although occurrence this of species was in any case
highly variable amongst plots (not shown).

Considerable mortality of the C. monilifera ssp.
monilifera seedlings occurred in 1997 in the control
plots due to intraspecific competition amongst the
densely packed seedlings, infections with endemic
nonspecific fungal pathogens (Itersonila perplexens,
Sclerotinia minor and Pythium sp.) and by summer
drought (Fig 1). Due to this mortality and to emer-
gence of new seedlings in the 1997 herbicide plots,
the effect of spraying on seedling numbers decreased.

When all flowering seedlings were hand pulled in Sep-
tember 1998 the mean numbers m-2 were 1.58 (no her-
bicide), 1.66 (metsulfuron) and 1.33 (glyphosate). Al-
though the total numbers of seedlings were less after
application of both herbicides (Fig 1), the number of
seedlings that had reached the flowering stage in the
sprayed plots was similar to the unsprayed plots. This
may be due to herbicide having thinned the seedlings
so that a greater proportion of the survivors reached
flowering stage.

Spot spraying with metsulfuron-methyl in 1998 was
partially successful in killing C. monilifera ssp.
monilifera although some manual follow up would be
needed to prevent new seed being set. Austrochilanthes
sp. and A.mearnsii survived well in these plots.
Glyphosate achieved a near total kill of C. monilifera
ssp. monilifera of all ages but also killed all native
plants.

Pre-fire seedbanks (analysis incomplete) were of the
order of 3200 m-2 and decreased to an approximate
average of 160 m-2 after variable temperature control-
led burning, with soil seed numbers down to 19 m-2 in
plots which received a burn around 300°C. This sug-
gests that by 18 months (two growth seasons) after the
fire nearly all seeds in plots with a good burn have

either germinated or been killed, so that once the es-
tablished seedlings have been removed a low level of
maintenance activity would be sufficient.

DISCUSSION

Observations of the fire at the You Yangs suggest that
the fire was hottest where dry biomass was close to the
ground rather than located in the C. monilifera ssp.
monilifera canopy. The C. monilifera ssp. monilifera
growth structure often creates a space of up to 1 m
between the fine fuel and the ground. Minimal light
penetrates the canopy, the ground is often bare or has
a thin layer of leaf litter present. Therefore, the pre-
fire treatment of cutting mature C. monilifera ssp.
monilifera and letting it dry on the ground, produced a
burn that was more even and able to spread. Although
fire preparation time was increased, without such
preparation the fire would only burn in patches and
would be generally ineffective. We aimed to achieve
100°C for at least 30 seconds over the experimental
area, as Lane (1978) has suggested that after this all C.
monilifera ssp. monilifera  seeds in the soil seed bank
would either be killed or induced to germinate.

Although our results show that viable seeds in the soil
decreased markedly after a fire that varied in soil sur-
face temperature between 50°C and 300°C, (data not
shown) and decreased  even further in the hottest ar-
eas, those seeds were still numerous enough to easily
re-establish the weed infestation. Post-fire soil seed
survival is thought to depend on seed depth in the soil.
Seeds were observed in some places to be buried more
deeply than if they had simply fallen to the ground, as
a consequence of dirt scratching by rabbits.

The later the post-fire treatment of emergent seedlings,
the more of these fire surviving seeds will have germi-
nated and will therefore also be treated. The applica-
tion of metsulfuron-methyl at 17 months after a hot
fire is our most promising control result to date. The
treatment was applied after two post-fire growth sea-
sons, enabling more time for the further depletion of
the soil seed bank. The number of seedlings at Dec 98
(Fig. 1) for this treatment appear to be similar to the
number of seedlings for the glyphosate and metsulfuron
treatments in 1997. However the late metsulfuron
treated seedings are stunted to approximately 10 cm in
height while seedlings which survived or germinated
after the early (1997) herbicide applications were ap-
proximately 1 m in height, multistemmed and many
were flowering. By treating C. monilifera ssp.
monilifera seedlings at 17 months post-fire the pro-
duction of fresh seed in an area can be postponed for
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up to three years (given seedlings will flower at be-
tween 12 to 18 months of age).

The advantage of the late (1998) metsulfuron treat-
ment over the late glyphosate treatment was evident in
the survival of a native Acacia species, many grass
species and a native rock fern. Glyphosate spraying
could however be appropriate in the case of highly
degraded vegetation with little surviving native
seedbank. Reseeding could follow the glyphosate
spraying or, if sufficiently dense, the dead C.monilifera
ssp. monilifera could be burnt before reseeding on the
ash bed. Toth (1996) found that native shrubs, includ-
ing some species of Acacia on the NSW coast, show
relatively little effect of glyphosate at 1440 g ha-1, how-
ever the present experiment found glyphosate had a
severe effect on A.mearnsii.

Handpulling of C. monilifera ssp. monilifera seedlings
is undertaken at present by Friends and volunteer
groups in both burnt and unburnt areas. Our study sug-
gests that pulling flowering seedlings after any fire
would be more satisfactory than without a fire, as the
seed bank would have already been greatly depleted.
Overall seedling numbers remained constant however
for all three handpulling treatments (Fig 1) suggesting
that it would take more than two growth seasons to
exhaust the post-fire surviving seed bank. The herbi-
cide treated plots would take fewer years pulling than
the untreated plots as more seeds had already germi-
nated. Seedling numbers and soil seed analysis at Oc-
tober 1999 in all treatments will show more conclu-
sively which treatments are most effective in rapidly
reducing viable soil seed.

Experiments are continuing into the most effective in-
tegrated methods of control of C. monilifera ssp.
monilifera located in areas with a higher priority for
control. Control at the overall landscape scale will in
part rely on the successful establishment of biological
control agents. The Mesclanis magnipalpis seed fly
was released at the You Yangs in early 1999. If this
agent establishes it should reduce the production of
viable seeds and thus the seed bank. Whilst
M.magnipalpis alone is unlikely to reduce existing C.
monilifera ssp. monilifera infestations it may reduce
its invasiveness and make other control techniques
easier to implement. There are no easy answers to the
control of this difficult weed, but our ability to reduce
its invasion and persistance is improving with continu-
ing research and development of attack strategies.
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