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Summary
A survey was conducted of the vegeta-
tion of the temperate perennial pasture
zone of New South Wales in spring 1999.
Less than 10% of the paddocks surveyed
had the 50% ‘improved’ perennial grass
level considered desirable for maximum
production. On average, perennial
grasses formed about a third of the pas-
ture biomass and, when only the ‘im-
proved’ perennial species were consid-
ered, this figure dropped to around a
quarter of the biomass. As a group, leg-
umes were almost ubiquitous (99% fre-
quency) and relatively abundant (22% of
the pasture biomass, on average) and
broadleaf weeds were similarly wide-
spread but less abundant (<9% of the
biomass). Annual grasses (especially
Vulpia spp.) formed, on average, 26% of
the pasture biomass. This level of abun-
dance of annual grass weeds has an esti-
mated opportunity cost of about $33 per
hectare per year – representing a total
loss of more than $230 million to the New
South Wales pastoral industry. Low-cost
pasture management technologies that
limit the abundance of annual grasses do
exist. Their adoption and adaptation to
local conditions need to be promoted
within an integrated pasture manage-
ment strategy.

Introduction
The temperate perennial pasture zone
(PPZ) of New South Wales includes the
tablelands and near western slopes and
runs north-south for a distance of around
1000 km from Queensland to Victoria (Fig-
ure 1). Covering approximately seven mil-
lion hectares, the PPZ accounts for nearly
half of the sheep and cattle production of
New South Wales (D. Vere unpublished
analysis of ABS statistics). Despite this im-
portance, there has never been a region-
wide field-based assessment of the threat
to pasture production posed by weeds.
Previous weed distribution knowledge
in New South Wales has been obtained
by questionnaires distributed to local

government weed control authorities or
New South Wales Agriculture district per-
sonnel and these were usually concerned
only with particular species. This lack of
objective data limits the capacity to accu-
rately assess the significance of weed im-
pacts on the PPZ as a whole and, conse-
quently, the ability to identify weed man-
agement priorities.

The Cooperative Research Centre for
Weed Management Systems (CRC Weeds)
was established in 1995 to develop inte-
grated weed management systems. The
Perennial Pastures Program within CRC
Weeds specifically aims to reduce the im-
pact of weeds and improve the production
and sustainability of temperate perennial
pastures in Australia. When CRC Weeds
was established, specific weeds were
nominated as target species (Table 1),
based on their perceived impacts. Much of
the pre-existing information about these
weeds, however, was based on question-
naires or small-scale studies, e.g. Echium
plantagineumA (Dellow and Seaman 1985),
Nassella trichotoma and Hypericum perf-
oratum (Campbell 1977) and thistle species
(Medd 1981). The region-wide importance
of these weed species remains open to
question.

In order to provide objective weed inci-
dence data, a survey of the perennial

pasture vegetation of New South Wales
was conducted in spring 1999.

Methods
The survey was conducted from 6 Septem-
ber to 18 November 1999. The data of Hill
et al. (1999) was used to define the PPZ,
excluding all areas classed as cropping,
annual pastures or forest. A total of 142
randomly selected sites were sampled
(Figure 1). More sites than required were
generated to allow for exclusion of unsuit-
able locations. Sites deemed unsuitable in-
cluded paddocks that had been cultivated
within the previous 12 months, were less
than five hectares in area or were heavily
wooded. For practical reasons, paddocks
selected for survey had to adjoin public
roads.

Each paddock was sampled with 20
one metre square quadrats arranged in an
M-shaped transect. The transect began at
least 30 m from fence lines and the
quadrats were spaced at 10 m intervals. At
each quadrat an estimate was made of the
percentage ground cover for every species
present. Where species could not be iden-
tified, specimens were collected for fur-
ther identification or were grown out to
maturity; a total of 85 specimens were for-
warded to the National Herbarium in Syd-
ney. A visual estimate of the above ground
biomass was also made at each quadrat.
During the survey, biomass samples were
routinely cut and later dried and weighed
and the regression of estimated vs. actual
biomass used to correct all of the estima-
tions.

Results and discussion
The survey was done in spring since most
of the important weed species would be
identifiable at that time of the year. As a
consequence, however, many congeneric
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Footnote
A Nomenclature follows Harden (1990–
2000) except for Austrostipa (Jacobs and
Everett 1996) and Austrodanthonia (Linder
1997).

Table 1. Weed species nominated by CRC Weeds as target species.

Botanical name Common name

Nassella trichotoma Serrated tussock
Vulpia spp., Hordeum spp., Bromus spp. Annual grasses
Echium plantagineum Paterson’s curse
Xanthium spinosum Bathurst burr
Onopordum spp. Scotch and Illyrian thistle
Hypericum perforatum St. John’s wort
Carthamus lanatus Saffron thistle
Carduus nutans Nodding thistle
Senecio jacobaea Ragwort
Rubus fruticosus agg. BlackberryA

Romulea rosea Onion grassB

A nominated by CRC Weeds Natural Ecosystems Program.
B not nominated by CRC Weeds but important in perennial pasture zone of Victoria.
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species (especially grass species) were not
reproductively mature and could not be
distinguished in the field. Despite grow-
ing out much material and the submission
of pressed specimens to experts, there
were some situations in which it was nec-
essary to treat groups of species as a single
taxon. For example:
• frequently occurring, closely related

species were just too common for col-
lection and growing out of material
from every site to be possible practi-
cally.

• insufficient material was collected to
permit later identification to species
level.

The following genera, therefore, were
treated as single taxa for further analysis:
Austrodanthonia, Bothriochloa, Geranium,
Gnaphalium, Hordeum, Onopordum, Oxalis,
Rumex and Vulpia. The spring sampling
period also meant that summer-annual
weeds such as Xanthium spinosum and
frost sensitive perennials such as Paspalum
dilatatum were largely or entirely absent.

A total of 176 taxa were identified. The
three most frequent taxa were annuals –
the grasses Vulpia spp. and Bromus molli-
formis and the legume Trifolium sub-
terraneum (Table 2). The most frequent
perennial taxa were Hypochaeris radicata
and the native grasses, Austrodanthonia
spp. As a group though, both annual and
perennial grasses were very widespread
with frequencies of 99 and 96% (Table 3).
Broadleaf weeds and legumes were simi-
larly frequent. The pasture of an ‘average’
paddock contained 17.6 species and had
an estimated biomass of 3.7 t ha-1. At least
one third of this biomass consisted of
weeds (annual grasses + broadleaf
weeds).

Grasses dominated the pastures, ac-
counting for more than 60% of the biomass
on average (Table 3). This is a similar fig-
ure to those recorded from the Central
(52% – Kemp and Dowling 1991) and
Southern Tablelands (58% – Munnich et al.
1991). Vulpia spp. was the most frequent
of all taxa (88%) and also relatively abun-
dant, forming 15% of the pasture biomass
where present. The biomass figure is simi-
lar to previously reported results (14% –
Kemp and Dowling (1991), 22% –
Munnich et al. (1991)), but the frequency is
much higher than that recorded in the
New England Tablelands (46% – McIntyre
et al. 1993). Four of the ten most frequent
taxa were annual grasses – Vulpia spp., B.
molliformis, Lolium rigidum and Hordeum
spp. Together, annual grasses formed 26%
of the pasture biomass, which is slightly
more than Munnich et al. recorded (22%)
but less than Kemp and Dowling (36%).

Within the PPZ, ‘improved’ pastures
(those sown with one or several exotic
perennial grasses, e.g. Phalaris aquatica,
Dactylis glomerata, Lolium perenne, Festuca
arundinacea, Poa pratensis and usually ac-
companied by legumes) have the highest
production potential. To achieve maxi-
mum production ‘improved’ pastures
should ideally contain more than 50% ex-
otic perennial grass species by biomass
(R. Jones unpublished data). Only 9.9% of
sites surveyed matched this criterion.
‘Improved’ perennial grass species were
all reasonably frequent and, especially
L. perenne and P. aquatica, relatively abun-
dant (Table 2) where present. While one
or more of these species was present in
nearly two thirds of the sampled pad-
docks, they averaged only 27% of the
pasture biomass overall. This value is

somewhat higher than the 21% recorded
from the Southern Tablelands (Munnich et
al. 1991). When all perennial grasses, in-
cluding native species, were considered,
more than 95% of paddocks contained at
least one species and, on average, slightly
more than one third of the pasture bio-
mass was made up of perennial grasses
(compared with approximately 20 and
36% from the Central and Southern Table-
lands, respectively). Even considering all
perennial grass species, only 22.5% of the
surveyed sites had a perennial grass com-
ponent greater than 50%. The most impor-
tant native grasses were Austrodanthonia
spp., Microlaena stipoides, Bothriochloa spp.
and Austrostipa aristiglumis. Although
they were quite widespread, they were
not especially abundant (3.2, 6.3, 7.7, and
9.5% of biomass, respectively, where
present).

The perennial grasses Nassella tricho-
toma, N. neesiana and Eragrostis curvula are
proclaimed noxious weeds in New South
Wales. N. trichotoma and N. neesiana have
been nominated ‘Weeds of National Sig-
nificance’ throughout Australia. The sur-
vey found N. trichotoma and E. curvula in
low paddock frequency (Table 4) but E.
curvula was nevertheless locally abun-
dant, accounting for 12% of the biomass
where present. Although not observed in
the survey sites, N. neesiana was collected
just outside the sampled paddocks in
three locations on the Northern and
Southern Tablelands. These three species
are, however, likely to be underestimated
by the sampling method employed. The
selection of paddocks that were adjacent
to public roads probably lead to a bias to-
wards paddocks that are of higher fertility
(due to road construction in lower parts of
the landscape) and management input
(due to accessibility) than would be typi-
cal of the area as a whole. Such sites are
less likely to be invaded by these species
in the first instance and are also more ame-
nable to control measures (e.g. Vere and
Campbell 1984).

Two other perennial grass species that
may be considered ‘sleeper’ weeds (Groves
1999) were also observed, Agrostis cap-
illaris and Hyparrhenia hirta. A. capillaris
has for a long time been a contaminant of
‘improved’ temperate pasture species
seed (L. perenne in particular; J.J.D. per-
sonal observation) and was found in
widely scattered locations within the sur-
vey zone. Although both A. capillaris and
H. hirta were infrequent (5.6 and 0.7% pad-
dock frequency respectively, Table 4),
where present they formed a significant
component of pasture biomass (13 and
81%).

Legumes are important components of
pasture swards, improving soil organic
nitrogen levels, forage quality and,
ultimately, animal production (Peoples
and Baldock 2001). ‘Improved’ pastures,

Figure 1. Location of survey area and sampled paddocks.
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especially, should therefore contain a sub-
stantial legume component. Assuming
that 50 kg N ha-1 is required each year for
optimum pasture production and that
around 24 kg of shoot nitrogen are fixed
per tonne of legume herbage dry matter
(Peoples and Baldock 2001), approxi-
mately 2 t ha-1 legume biomass is desir-
able. With the average pasture biomass in
this survey estimated to be 3.7 t ha-1, this
suggests that legumes need to be more
than half of the pasture biomass. Despite
occurring in nearly every pasture sampled
in this survey, however, legumes aver-
aged just 22% of the pasture biomass (Ta-
ble 3). The most abundant legume, Trifo-
lium subterraneum, was one of the most
common of all species recorded in this

survey, with a frequency of 80%. It consti-
tuted 17% of the pasture biomass, on aver-
age (Table 2 – compared with 34 and 10%
from the Central and Southern Table-
lands, respectively). Trifolium repens was
less frequent (37% – compared with 36%
from the New England Tablelands;
McIntyre et al. 1993) and less abundant –
averaging 13% of the biomass where
present. T. repens tended to occur at higher
altitude sites than T. subterraneum (aver-
age elevation 880 vs. 710 m), which con-
curred with Kemp and Dowling’s (1991)
survey of the Central Tablelands. Medicago
sativa was not widely distributed but
abundant where present (5.6% paddock
frequency, 22% of pasture sward bio-
mass).

The most common broadleaf weed spe-
cies recorded was Hypochaeris radicata,
present in 71% of paddocks. It was the
most frequent (83%) of all species found in
a survey of the New England Tablelands
(McIntyre et al. 1993). Based on these fig-
ures, and that it is suspected of causing
stringhalt in horses (Cunningham et al.
1981), H. radicata should merit considera-
tion as a serious weed problem. However,
H. radicata is a species that is avidly se-
lected by grazing sheep and can make a
major dietary contribution of quality for-
age (Leigh and Holgate 1978). Simpson
(2000) also describes H. radicata as a good
quality sheep grazing forb on the South-
ern Tablelands with a crude protein level
of 17.6% and a digestible dry matter of
66–69%. Similar results have been re-
corded for the Central Tablelands (crude
protein: 16.4%, digestible dry matter:
70.3% – S. Priest personal communica-
tion). These figures indicate a valuable
forage species. Despite the relatively good
quality forage that H. radicata represents,
however, its low biomass means that it
could form a significant dietary compo-
nent for only a short period, at the begin-
ning of a grazing episode. While it formed
as much as 19% of pasture biomass at one
site, it accounted for only about 3% over-
all. The importance of species that are se-
lectively grazed is likely to be underesti-
mated in any survey but it is clear that H.
radicata was only an important pasture
component at a few sites.

Other broadleaf weed species such as
the annuals Carthamus lanatus, E. plan-
tagineum and Arctotheca calendula are con-
sidered important weeds. They had only
moderate paddock frequencies in this sur-
vey, however (21, 17 and 15% respec-
tively, Table 4), and quite low abundances
(as a proportion of pasture biomass 3.2, 3.2
and 1.6%). In a postal questionnaire sur-
vey in 1984, Dellow and Seaman (1985)
found E. plantagineum to be plentiful and
widespread throughout most of eastern
New South Wales. Many winter-annual
species are considered to be very respon-
sive to pasture condition in the previous
autumn – regeneration from seed is pro-
moted by gaps in the pasture sward (e.g.
Silvertown and Smith 1989). While the
1999 season was generally considered to
be mild, the 1984 survey was done soon
after a major drought episode and it is
likely that many pastures were in a com-
paratively poor condition at that time. The
amount of bare ground recorded in the
present survey was quite low. Less than
60% of paddocks had any bare ground at
all and although a maximum of 40% bare
ground was recorded (in one paddock in
the Monaro region), the mean value was
only about 4% (Table 3). There is no com-
parable data from earlier surveys, how-
ever, with which to analyse any potential
relationship between pasture condition

Table 2. Most common species (frequency >20%).

Botanical name Common name Paddock Mean proportion of
frequency total pasture biomass,

 (%) where present (%)

Vulpia spp. Vulpia 88 15
Bromus molliformis Soft brome 85 6.5
Trifolium subterraneum Subterranean clover 80 17
Hypochaeris radicata Catsear 71 3.0

Total thistlesA 61 2.7
Austrodanthonia spp. Danthonia 57 3.2
Lolium rigidum Annual ryegrass 53 7.2
Acetosella vulgaris Sorrel 53 0.8
Phalaris aquatica Phalaris 42 16
Hordeum spp. Barley grasses 40 6.2
Trifolium repens White clover 37 13
Trifolium dubium Suckling clover 37 3.2
Cirsium vulgare Spear thistle 36 0.4
Microlaena stipoides Microlaena 34 6.3
Holcus lanatus Yorkshire fog 32 4.7
Cerastium glomeratum Mouse-ear chickweed 31 0.4
Rumex spp. Docks 30 0.1
Oxalis spp. Yellow creeping oxalis 30 0.7
Plantago lanceolata Lamb’s tongue 28 1.0
Dactylis glomerata Cocksfoot 26 10
Lolium perenne Perennial ryegrass 25 22
Bothriochloa spp. Redgrass 24 7.7
Geranium spp. Geranium 24 0.6
Gnaphalium spp. Cudweed 24 0.6
Carthamus lanatus Saffron thistle 21 3.2
Paspalum dilatatum Paspalum 21 2.1
Festuca arundinacea Tall fescue 20 7.0
Poa pratensis Kentucky bluegrass 20 2.5
A Thistle species include: Carduus nutans, Carduus pycnocephalus, Carthamus lanatusB

Centaurea melitensis, Centaurea solstitialis, Cirsium vulgareB, Onopordum acanthium,
Onopordum illyricum and Silybum marianum.
B also listed separately.

Table 3. Frequency and abundance of ‘functional types’.

Type Paddock frequency (%) Mean proportion of total pasture
biomass, where present (%)

Annual grasses 99 26
Total Perennial grasses 96 35
‘Improved’ perennial grasses 63 27
Legumes 99 22
Broadleaf weeds 99 8.4

Litter 98 8.6
Bare ground 59 4.2% bare ground
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and the prevalence of broadleaf weeds.
Furthermore, the subjective nature of a
postal survey is just as likely to result in
an overestimate of the abundance of
broadleaf weeds due to their conspicuous
flowers and growth form. Although
broadleaf weed species comprised 49% of
the pasture biomass in one paddock in the
present survey, the mean abundance was
only 8.4%. This is broadly consistent with
the 5% recorded for the Central Table-
lands by Kemp and Dowling (1991).

Weed species nominated by CRC
Weeds as significant temperate pasture
weeds (Table 1) were all present with the
exception of the summer-annual Xanthium
spinosum and Senecio jacobaea. Both Auld
and Medd (1987) and Harden (1992, Vol-
ume 3, p. 312) comment that S. jacobaea is
not widely distributed in New South
Wales. Romulea rosea, a major weed of the
perennial pasture zone of Victoria (Eddy
1973) was recorded, but only rarely (Table
4). The leaves of R. rosea are present mostly
in autumn and winter, so it is likely that
the spring sampling period of this survey
underestimated it’s true extent. Doubtless
there are other species whose abundance
has been underestimated or presence
missed completely by this survey. A more
complete picture will emerge only when
further surveys are carried out in other
seasons.

Conclusions
The results from this survey show that
many pastures in this region are sub-
optimal in terms of botanical composition
and, consequently, in terms of production.
The widespread and abundant distribu-
tion of annual grasses is the major issue –

on average, they comprise more than 25%
of the pasture biomass and in some pad-
docks it is as high as 80%. The economic
impact of annual grass weeds to New
South Wales farmers has been estimated
at $40 million per year in direct costs alone
(Sloane et al. 1988). More recent economic
analyses suggest an opportunity cost of
around $33 per hectare (R. Jones, unpub-
lished data) with this level of annual grass
infestation, representing a total cost of
more than $230 million in lost production
each year. Moreover, annual grasses not
only limit pasture longevity and produc-
tivity, cause injury to stock and vegetable
fault in wool but they may also contribute
to soil salinity and acidity by reducing
evapo-transpiration in summer. As a con-
sequence, the costs of production are
higher and there is a significant cost to the
environment.

Concomitant with the abundance of
annual grasses is a less than desirable
level of perennial grasses. Even including
the generally lower-productivity native
perennial grasses, they comprise only
about a third of the pasture biomass, on
average. In less than a quarter of all the
surveyed pastures did perennial grasses
form 50% or more of the pasture biomass.
Perennial grasses are considered to be the
key to developing sustainable grazing sys-
tems in this region (Mason and Kay 2000).
There is clearly a need to improve the
management of these ecosystems.

There are a number of pasture manage-
ment techniques that aim to shift the bal-
ance of composition towards a greater
perennial grass fraction (see Keys 1996).
These include a full resowing of the pas-
ture (e.g. Bellotti and Moore 1994), use of

herbicides to reduce the annual grasses
(e.g. Dowling et al. 1996), fertilizer (e.g.
White et al. 2000) and tactical grazing/
resting of pastures (e.g. Avery et al. 2000).
Rarely, though, will any one technique
achieve the desired long-term objective.
The best strategy may involve a combina-
tion of techniques and will interact with
other factors such as prevailing weather
conditions, input costs and commodity
prices. The low perennial grass and leg-
ume fraction and high weed burden (es-
pecially annual grasses) of the pastures of
the PPZ indicate that the adoption of these
technologies by producers has been poor.
More effective extension and integration
is urgently required.
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