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Abstract   A two-year botanical survey of Melbourne’s
green waste stream established that approximately 30%
of this waste stream was potential weeds.  A research
program, sponsored by EcoRecycle Victoria, evaluated
the risk of weed survival in commercial composting of
green waste.  Extrapolation from compost inoculation
studies suggested that weed spread via the final prod-
uct could be minimised under controlled compost man-
agement.

INTRODUCTION

Approximately 400,000 tonnes of green waste (leaves,
branches and grass clippings from council parks,
roadsides and home gardens) is produced per year in
metropolitan Melbourne (EcoRecycle Victoria 1997).
Composting green waste is one way to achieve the State
Government’s objective to reduce all wastes going to
landfill by 50% by the year 2000.  Composting is the
biological decomposition of organic materials in a
warm, moist, aerobic environment (Gray and
Biddleston 1971).  Deliberate control of the composting
process (through management of microbial activity,
temperature, ventilation and moisture) accelerates de-
composition and stabilisation of the material (Strom
1985).  Under controlled conditions, thermophilic tem-
peratures (>45°C) can be achieved for long periods
and human pathogens can be eliminated (U.S. EPA
1981).

Porter et al. (1995) suggested that there could be a
risk of spreading weeds, plant pathogens and pests
through uncomposted green waste. The precise con-
tents of the green waste stream in Melbourne and the
potential for accumulation of weeds is not known.
Porter et al. (1995) suggested that regular monitoring
of the green waste stream is the only way an accurate
assessment of the actual weed content could be made.

Kehres et al. (1989) warns of the potential harm caused
to the agricultural and horticultural sectors if composts
containing viable weed propagules are applied.  Few
studies have investigated the fate of weeds in
composting processes.  Shiralipour and McConnell
(1991) recommended turning a compost heap inside

out every 2-3 weeks during a 45-60 day process in
order to expose all parts of the heap to high tempera-
tures and eliminate unwanted plants.  Churchill et al.
(1996) found that in straw composting, increased
number of turns of the compost heap and high internal
temperatures were significant in weed elimination, but
that depth of weed seed burial was insignificant.  Eisele
(1997) found that Vicia hirsuta (L.) survived more than
six months in a farmyard manure composting process.

    The aim of this research was to assess the weed con-
tent of the green waste stream in greater Melbourne
and to determine the temperature and time requirements
in commercial scale composting processes necessary
to eliminate four typical weeds found in Victoria.

MATERIALS AND METHODS

Survey of Melbourne’s green waste stream   The
botanical makeup of the green waste streams at six sites
around greater Melbourne was surveyed for two years.
Each site was surveyed every 3-4 weeks for 1-2 hours
during which the plants/materials from every incom-
ing load were individually identified and quantified.
Loads arrived either in council compactor trucks
(which had collected green waste from kerbside) or in
trailers pulled by home gardeners and landscape gar-
deners.  A qualitative analysis of the data was under-
taken to assess the weed content of the green waste
stream.  For the purposes of this study, ‘weeds’ were
those plants proclaimed noxious in Victoria by Par-
sons and Cuthbertson (1992) as well as those environ-
mental weeds considered ‘serious’ and ‘very serious’
in Victoria by Carr et al. (1992).

Compost inoculation trials   Two heaps (A and B)
were constructed from shredded green waste to assess
the survival of four weeds throughout the compost
process (Festuca arundinacea Schreb., Rubus sp. L.,
Acacia baileyana F.J.Muell. and Cynodon dactylon L.).
The heaps were shaped into triangular windrows with
approximate dimensions twenty metres long, four me-
tres high and three metres wide at the base.  Heap A
was turned over with a front-end loader on Day 9.  Heap
B was turned over with a Bobcat on Days 7, 14 and
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21. The initial moisture content was 44% and 46% (fw)
in heaps A and B respectively.  The compost process
was managed for 14 days and 28 days in heaps A and
B respectively.  Weeds were contained in nylon bags
and inserted into the compost heaps on the day the
heaps were formed (‘Day 1’) at 5 cm, 50 cm and 100
cm deep.  In trial A, nylon bags contained 25 seed and
5 stem fragments.  In trial B, the bags contained 50
seed and 10 stem fragments.  Weeds were retrieved
from the heaps on various days and viability was as-
sessed.

Monitoring temperature during composting      Tem-
peratures were measured throughout each composting
process using t-type thermocouples linked to a
datalogger.  In trial A, a thermocouple was placed next
to every bag of weeds in four of the ten replicates.  In
trial B, a thermocouple was placed next to every bag
in all six replicates.  Hourly means at every position
were recorded by the datalogger. Thermocouples were
left in place for the duration of the trial, even when
adjacent bags were retrieved for sampling.

Weed viability assessment    Stem fragments of Ru-
bus sp. and Cynodon dactylon were removed from the
bags, and placed on damp sand in seedling trays in a
humid glasshouse where they received 3 minutes of
spray watering twice per day.  After 21 days the viabil-
ity rates were calculated based on proportion of frag-
ments developing roots or shoots. Festuca arundinacea
seeds were removed from the bags, surface sterilized
in 0.5% sodium hypochlorite for 2 minutes and placed
on damp blotting paper in germination trays.  Acacia
baileyana seeds were removed from bags, placed in a
flask of boiling water and allowed to cool for 24 hours
prior to surface sterilization.  The seeds were then sur-
face sterilized in 3.2% sodium hypochlorite for 10
minutes before placement on damp blotting paper in
germination trays.  Trays were stored at room tempera-
ture (approximately 21°C) and exposed to normal day-
light hours for 21 days, after which germination rates
were determined.  Initial viability of the weed seeds
and stem fragments was assessed in the same way mi-
nus compost treatment.

Statistical analysis      Statistical analysis in each trial
consisted of an ANOVA, with an angular transforma-
tion applied to the proportion of weed viability.  Treat-
ments for which the mean survival was 0% or 100%
were excluded from the anova, and compared with
other treatments using a separate estimate of variabil-
ity.

RESULTS

Survey of Melbourne’s green waste stream   At least
318 different plant species were recorded at six green
waste sites during the two-year survey period.  The
three most common genera were Eucalyptus sp.
(L’Her.), Acacia sp. (Mill.) and Pittosporum sp. (Banks
ex. Gaertn.)(Table 1). The three most common species
were Pittosporum undulatum (Venten.), Photinia gla-
bra (Lindl.) and Pittosporum eugenioides (A.Cunn.)
(Table 1).

Table 1. Most common plants recorded at six green
waste sites in greater Melbourne over a two-year sur-
vey period.

Rank Most common genus No. of times recorded

1 Eucalyptus sp. 451

2 Acacia sp. 338

3 Pittosporum sp. 332

4 Melaleuca sp. 308

5 Hedera sp. 169

Rank Most common species No. of times recorded

1 Pittosporum undulatum 158

2 Photinia glabra 145

3 Pittosporum eugenioides 131

4 Coprosma repens 128

5 Hedera helix 106

Of the 318 species recorded, 73 were weeds. The three
most common weeds over the two-year period were
Pittosporum undulatum, Coprosma repens (A.Rich.)
and Cotoneaster (Medic.) species (Table 2). These
weeds pose a risk in a composting context either sea-
sonally (when in fruit and seed) or all year (as tubers,
bulbs, root or stem fragments).

Weeds made up 28% (by volume) of plants recorded
(Table 3) and of these, 53% were evergreen shrubs,
17% were evergreen trees and 13% were vines or climb-
ers (Table 4).  Noxious weeds made up 2% of plants
recorded and 5% of the green waste stream was grass
clippings.

The highest percentage of weeds (by volume) was re-
corded in summer (Table 3).
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Table 2.  Most common weeds recorded at six green
waste sites in greater Melbourne over a two-year sur-
vey period.

Rank Most common weeds Main risk period
 for spread

1 Pittosporum undulatum autumn, winter

2 Coprosma repens autumn, winter

3 Cotoneaster sp. summer, autumn

4 Hedera helix all year

5 Leptospermum laevigatumall year

6 Melaleuca armillaris all year

7 Prunus cerasifera ‘Nigra’ autumn, winter

8 Genista monspessulana* spring, summer

9 Acacia baileyana spring, summer

10 Hakea salicifolia all year

* Declared noxious weed in Victoria

Table 3.  Quantity (% volume) of weeds and grass clip-
pings in the green waste stream across four seasons
and six survey sites in a two-year period.

Seasons Weeds Grass Total

Autumn 28 4 32
Winter 25 2 27
Spring 29 8 37
Summer 31 7 38

All (mean) 28 5 33

Table 4.  Life form of weeds as a percentage of the
weed content of the green waste stream.

Life form % of weeds

Evergreen shrub 53
Evergreen tree 17
Vine/climber 13
Deciduous tree 7
Geophyte 3
Herbaceous perennial 2
Conifer 2
Deciduous shrub 1
Fern <1
Annual <1
Succulent <1

Weed survival in two composting processes      Weeds
were killed more quickly at 100 cm deep than at either
50 cm deep or 5 cm deep (P=0.05; Table 5).  Of all the
weeds tested, Acacia baileyana seed survived the long-
est, but significantly decreased in viability over time
(Table 5).

In trial A, Festuca arundinacea seeds and Rubus sp.
stem fragments buried 100 cm deep were eliminated
by Day 3.  Mean daily temperatures 100 cm deep did
not exceed the thermophilic range (>45°C) until after
Day 7 (Fig.1).  Before that time, considerable varia-
tion in temperatures 100 cm deep probably accounted
for a high survival rate up until Day 2.

At 50 cm deep, where temperatures ranged from 30-
50°C for the duration of the trial, these two weeds sur-
vived more than 10 days (Table 5; Fig.1).  At 5 cm
deep, where temperatures rarely exceeded 30°C, both
weeds survived better than at other depths and were
viable for more than 14 days (P=0.05; Table 5; Fig. 1).
There was no difference in survival between burying
these two weeds 100 cm deep or 50 cm deep, except
on Day 4 (P=0.05; Table 5).

In trial B, Cynodon dactylon stem fragments were
eliminated before Day 2 at 100 cm deep, where tem-
peratures were consistently in the thermophilic range
(Table 5; Fig.2).  At the culmination of the trial on day
28, the temperatures 100cm deep exceeded 70°C.

At 50 cm deep, where temperatures were lower but
still ranged between 45-65°C, Cynodon dactylon was
eliminated before Day 4 (Table 5; Fig.2).

At 5 cm deep, where temperatures ranged between 30-
50°C for the duration of the trial, Cynodon dactylon
stem fragments survived until at least Day 8 (Table 5).

Acacia baileyana seeds were still viable at 100 cm deep
on Day 8.  At 50 cm deep they survived more than 23
days, and on Day 23 at 5cm deep they still had a mean
germination rate of 40.7% (Table 5).  There was no
difference in survival between burying these seeds at
50 cm or 100 cm deep, except on Day 2 (P=0.05; Ta-
ble 5).

DISCUSSION

Weeds made up a substantial percentage of Mel-
bourne’s green waste stream throughout the year.  Some
of the weeds were vines and geophytes that can spread
vegetatively and therefore pose a risk all year round.
Most of the weeds were evergreen trees and shrubs
that would not easily spread vegetatively and they pose
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Table 5.  Survival (%) of weeds over time in two composting processes.  For each weed species, means with the
same letter are not significantly different at the 0.05% probability level.

Trial Weed LSD Depth of Day Day Day Day Day Day Day Day Day
(P=0.05) burial in 2 3 4 6 8 10 14 16 23

heap

A Festuca 28.8 5cm 73.6b 74b 74b
arundinacea 50cm 36.8a 31.6a 22.8ac 16.4ac

100cm 15.6ac 0c 0c 0c

Rubus sp. 29.2 5cm 70c 84c 88c
50cm 2a 34bd 18ab 17ab
100cm 8ad 0a 0a 0a

B Acacia 23.1 5cm 67.6b 40.7d
baileyana 50cm 93.7a 64.3b 14.3c 11c 1.3c

100cm 52.7bd 49.7bd 1.3c

Cynodon 5.4 5cm 3.3a 0a
dactylon 50cm 1.7a 0a 0a 0a 0a

100cm 0a 0a 0a

a risk only when setting fruit or seed.  Since the 73
weed species set fruit and seed at varying times of the
year, and grass clippings all year round are likely to
contain weed seeds, the risk of weed spread through
using chipped uncomposted green waste is consider-
able at any time of year.

The composting processes investigated in this study
achieved high enough temperatures in the centre of
the heaps to eliminate all but Acacia baileyana seeds
by Day 3.  At depths of 50 cm, survival was variable
and around the edges of the heap, where temperatures
were consistently below 40°C, survival of all weeds
was substantial.

This study and other research (Shiralipour and
McConnell 1991; Churchill et al. 1997) indicates that
turning the edges of a heap into the centre to expose
all parts of the compost to high temperatures effec-
tively controls weed propagules.

Acacia baileyana seeds were more difficult to kill,
suggesting that the duration of a composting process
is also very important. Although the U.S. EPA (1981)
standard for eliminating unwanted organisms in
composting sewage sludge is 55°C for three days, this
study has shown that the hard seeds of Acacia
baileyana can survive longer at those temperatures.
Eisele  (1997) showed that eliminating Vicia hirsuta

Figure 1. Temperature profile of heap A Figure 1. Temperature profile of heap B



Twelfth Australian Weeds Conference

677

seeds with hard testas from composting required a long
carefully managed process to actually decompose the
seeds, since they survived months at high temperatures.
Pollmann and Steiner (1993) list factors other than tem-
perature in composting that can be responsible for kill-
ing seeds such as microbial attack and effects of toxic
substances.  These factors were not measured in this
study but could have accounted for the decreasing vi-
ability of Acacia baileyana seeds over time, rather than
temperature.

Therefore to eliminate weeds during composting,
propagules must be exposed to high temperatures and
the process should be long enough for other lethal fac-
tors to take effect.  This study and other work con-
ducted by the authors (unpublished) supports the as-
sertion that composting for a minimum 21-day period
should reduce the risk of spreading weeds in the final
product to an acceptable level.  Turning a heap inside
out should be performed at least three times during the
process to ensure that all parts of the mass are exposed
to lethal temperatures.  Thorough mixing of the initial
chipped green waste should ensure a more homogenous
temperature distribution.  The initial moisture content
of the two trial heaps was suitable for high tempera-
ture composting but the effect of moisture on the tem-
perature/time/weed elimination relationship needs fur-
ther investigation.  Laboratory trials to investigate the
effects of temperature, exposure time and moisture
content on weed elimination in green waste composting
are currently being conducted.

Outcomes from this research are being used by indus-
try to support the development of quality control sytems
and best practice guidelines for manufacturing com-
post from green waste.

ACKNOWLEDGMENTS

I would like to thank the Royal Melbourne Botanic
Gardens and Garden State Mulching P/L for their sup-
port and cooperation in conducting this research.  Both
composting trials were conducted on their premises.
My thanks also go to Graham Hepworth for biometric
assistance.

REFERENCES

Carr, G.W., Yugovic, J.V. and Robinson, K.E. (1992).
‘Environmental weed invasions in Victoria’.  (De-
partment of Conservation and Environment and
Ecological Horticulture Pty. Ltd., Melbourne).

Churchill, D.B., Alderman, S.C., Mueller-Warrant,
G.W., Elliott, L.F. and Bilsland, D.M. (1996).  Sur-
vival of weed seeds and seed pathogen propagates

in composted grass seed straw.  Applied Engineer-
ing in Agriculture 12(1), 57-63.

EcoRecycle Victoria (1997).  ‘EcoRecycle Victoria
Business Plan 1997-2000’. (EcoRecycle Victoria,
Melbourne).

Eisele, J-A. (1997). The influence of composting on
seeds of Vicia hirsuta (L.) S.F.Gray.  Seed Science
and Technology 25, 325-327.

Gray, K.R. and Biddlestone, A.J. (1971).  A review of
composting – part 1.  Process Biochemistry June,
32-36.

Kehres, B., Blum, B. and Vogtmann, H. (1989).
Bestimmung und bewertung des Gehaltes
keimfahiger Pflanzensamen in Kompost.  Forum
Stadte-Hygiene 40, 293-297.

Parsons, W.T. and Cuthbertson, E.G. (1992).  ‘Noxious
weeds of Australia’. (Inkata Press, Melbourne).

Porter, I.J., Miller, J., Todorovic-Clayton, S., Wilkinson,
K. and Morgan, W. (1995).  ‘Green waste recycling:
a literature review on the risk of spreading major
pests, diseases and weeds associated with green
wastes’.  (Agriculture Victoria, Department of Ag-
riculture, Energy and Minerals, Melbourne).

Pollmann, B.R. and Steiner, A.M. (1993).  A standard-
ised method for testing the decay of plant diaspores
in biowaste composts using tomato seed.
Agrobiological Research 46, 1-10.

Shiralipour, A. and McConnell, D.B. (1991).  Effects
of compost heat and phytotoxins on germination of
certain Florida weed seeds.  Soil and Crop Sci. Soc.
Fla. Proc. 50, 154-157.

Strom, P.F. (1985).  Effect of temperature on bacterial
species diversity in thermophilic solid-waste
composting.  Applied and Environmental Microbi-
ology 50:4, 899-905.

U.S. EPA (1981).  ‘Technical bulletin: composting proc-
esses to stabilise and disinfect  municipal sewage
sludges’.  (Office of Water Program Operations,
Washington D.C. EPA 430/9-81-011).




