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Abstract
Successful weed management in temperate perennial pastures requires an
integrated approach. This thesis investigates whether the competition between sown
perennial and annual pasture species can be sufficiently manipulated through
management to influence botanical composition via a reduction in the level of annual
weeds in the pasture.
The effects of perennial diversity, species selection and spring defoliation
(grazing and cutting) on the population dynamics, composition and resource use of
pastures were investigated at Wagga Wagga in southern New South Wales (NSW),
Australia.
In 1996, a spring pasture survey was conducted to assess the composition of
pastures in the southern region of NSW. The survey showed that annual grasses were
the dominant species group in pastures and that there was a low incidence of sown
perennial pasture species. The germinable seed bank from the surveyed sites was also
dominated by annual grass species. Although the desirable annual legume, Trifolium
subterraneum (subterranean clover or subclover) was present at the majority of
surveyed sites, the most common subclover cultivars identified in the pasture seed
banks are no longer commercially available. These findings, together with low levels of
soil P at the majority of pasture sites, indicated a low investment in pastures found in
this region.
Although the region's pastures are dominated by annual species, perennial
species can be successfully incorporated into farming systems in southern NSW.
Perennial species can help to alleviate problems associated with land degradation,
including soil acidity, salinity and weed invasion. The effect of sown, desirable
perennial species, Cichorium intybus (chicory), Medicago sativa (lucerne) and Phalaris
aquatica (phalaris), on the population dynamics and resource use of annuals was
investigated, in 1998 and 1999, mono, binary and tertiary mixtures of perennial pasture
species were sown with three annual species. The annual species included two
commonly found pasture weeds, (Vulpia spp. and Echium plantagineum (Paterson's
curse)) and the desirable legume, subclover. The annual and perennial species were
chosen to represent three major functional groups found in pastures ie a grass, a
broadleaf and a legume.
It was found that perennial species selection rather than increasing perennial
diversity per se had a large effect on the ability of annuals to capture light and nitrogen.
Vulpia was an effective scavenger for nitrogen, particularly when competing against
chicory or lucerne. The presence of phalaris in a sward reduced the nitrogen captured
by the other components. Phalaris and chicory were generally more competitive for
resources (nitrogen and light) when present in monoculture or binary mixtures than
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lucerne. Phalaris and chicory did reduce the dry matter of the annuals (Vulpia spp.,
Paterson's curse and subclover) and the subsequent seed production and emergence.
However, competition alone was not sufficient to adequately reduce the seed
production of undesirable annuals such as Vulpia spp. or Paterson's curse. Integrating
other pasture management tactics (such as strategic defoliation) with a competitive
pasture can manipulate composition by significantly reducing the seed rain of the target
weed.
Spring cutting or continuous grazing of an established perennial pasture in
1997, 1998 and 1999 caused large changes in botanical composition. The timing of the

spring cut impacted on the population dynamics of all the annual species and was
dependent on phenological development rather than calender date. Pasture regrowth
and seed rain following the cut were influenced by species, phenological stage and
seasonal conditions. Cutting Vulpia spp. earlier in spring when the majority of the most
advanced tillers are at early seed fill minimised regrowth, seed rain and contribution to
pasture composition. in contrast, Lolium rigidum (annual ryegrass) and Paterson's
curse were able to regrow after an early spring cut and produce seed. Cutting later in
spring reduced the regrowth and seed rain of both these pasture weeds. However, a
later spring cut (equivalent to the timing of a regional hay cut) favoured vulpia
dominance in the pasture due to significant quantities of vulpia seed rain. Continuous
grazing of pasture contributed to a larger annual grass seed bank (including vulpia,
barley grass and great brome) but lowered the amount of Paterson's curse seed rain.
Understanding the effects of management on the population dynamics of pastures will
thus contribute to targeting the most appropriate time and method of weed reduction.
This research showed that annual species dominated the pasture systems in
southern NSW and that there was a low incidence of perennial species. However,
although the presence of perennial species in a pasture can limit the opportunities for
weed to invade, they can not be relied upon as a sole weed management solution.
Rather, perennials should be used as part of a weed management strategy. Successful
weed management within this ecosystem requires an understanding of how various
pasture management strategies affect population dynamics and resource use and
change botanical composition. This then enables a combination of options to be
selected and strategically timed for maximum, cumulative effect on pasture
composition.
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Chapter I.
Introduction
Pasture ecosystems will differ in their species composition but all contain
m~xturesof desirable and less desirable species. The components of a pasture may
also be grouped as annual or perennial grasses, legumes and other broadleaf species
(Kemp ef a/. 1999). Undesirable species or weeds are often described as a symptom of
pasture degeneration (Dowling et a/. 2000). The definition of a weed in pastures is
more difficult than in crops since many species considered as weeds in field crops,
particularly at early stages of growth, have some forage value or beneficial effect on
livestock production. In many situations where alternative pasture species are either
not sown or have become less dominant in the pasture, weeds, for example Arctotheca
calendula (capeweed) in Western Australian pastures, provides a major part of the diet
of sheep (Dodd 1993).
Nevertheiess, Michael (1970) categorised pasture weeds into two broad
groups, which are: i) plants that are poisonous to livestock or lower the value of
l~vestockproduce, or ii) plants which occupy space that could be utilised by more useful
pasture species. Taking a broader approach, weeds in pastures can be defined as
those species that are not beneficial to the production system.
Weeds are a major economic problem to agriculture in Australia and cost an
estimated $4.2 billion dollars annually (Jones et a/. 2000). This cost arises through, i)
reduction in both yield and quality of produce, ii) control methods or iii) in extreme weed
cases, the adjustment to new production systems (Jones ef a/. 2000). Weeds can
rapidly invade seasonal vegetation gaps in both crops and pastures. Long-term weed
control in farming systems relies heavily on limiting weed seed production or entry of
this seed into the soil seed bank. Weed management can include chemical and nonchemical methods. With the rapid on-set of herbicide resistance in Australia there is a
need to increase the use of integrated weed management (IWM) principles involving a
combination of chemical, physical, cultural and biological controls (Sindel 2000).
A pasture can be used as a method of cultural weed control (sowing
competitive pasture species) and have chemical, physical and biological controls
imposed upon it. Many producers in cropping systems utilise a pasture phase to help
reduce weed burdens. In southern Australia, cropping rotations may incorporate a
sown pasture ley which could be a short pasture phase (one year annual legume as
practised in the southern wheat belt of Western Australia) or a longer term pasture
(commonly three or four years in southern NSW). Utilising these sown pastures as an
effective weed management tool requires an understanding of the impact of
management strategies on the population dynamics of the pasture components.
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The objectives of the perennial pasture research contained in this thesis are
therefore focused on, i) identifying the composition and abundance of species in
temperate pastures of southern New South Wales, ii) determining the effect of
temperate perennial pasture diversity and species selection on the resource use of the
pasture components and the population dynamics of annual species, and iii)
determining the effect of temperate perennial pasture defoliation on the botanical
composition and population dynamics.

Chapter 2
Literature Review
Strategic opportunities for the management of annual weeds i n perennial
pastures in southern New South Wales.

2.1 Overview of pasture systems
Pasture communities differ around the world. They range from permanent
native grasslands to those made up exclusively from various sown exotic species.
Species can be classified by assigning them to functional groups objectively (grouping
them via the analysis of data collected from a plant population) or subjectively
(grouping based on common traits that may be morphological, physiological or
environmental responses). However, Nicholas et a/. (1998) stress that the method used
to group species together must be relevant to their ecosystem, for example, grouping
species with respect to their response to pasture inputs and management.
With reference to temperate pasture systems in Australia, Kemp et a/. (1998)
have used a simplified method of grouping and subjectively assigned annual and
perennial pasture components to four functional groups consisting of desirable or
undesirable grasses and broadleaves (forbs and legumes). It is unclear where Kemp ef
a/. (1998), would assign narrow leaf species other than grasses such as members of
the Juncaceae, Lilaceae or lridaceae families. Further subgroups within these four
major functional groups may be required based on the recommendations made by
Nicholas et a/. (1998) to group species with respect to their response to selected
pasture influences rather than morphological characteristics. However regardless of the
grouping method complexity, the less-desirable grass or broadieaf species will be more
commonly termed 'weeds' and the pasture types categorised on the basis of the
desirable components (as annuai, perennial or annual/perennial).

2.f.I Annual pastures
Species in annual pastures complete their lifecycle in one season and
germinate from seed in following seasons and are thus self-regenerating. Desirable,
annual, pasture species are not resown as adequate seed bank reserves are present
through natural replenishment. Hence, forages, which require annual resowing, should
not, in this context, be considered as "annual pastures" but rather forage crops.
In temperate southern Australian production systems, annual pastures usually
consist of a legume component, typically Trifolium subterraneum (subclover) or annual
Medicago spp., and either sown or volunteer grass species, such as Lolium rigidum
(annual ryegrass) or weeds such as Vulpia spp. (vulpia), Bromus spp. (brome),
Hordeum spp. (barley grass). A wide range of broad and narrow leaf weeds can be
found. Prominent amongst the broadleaf species are the South African derived

capeweed and the Mediterranean plant Echium plantagineum (Paterson'S curse)
(Moore 1970).
2.1.2 Perennial pastures

Commonly, perennial pastures in higher rainfall regions will consist of a
perennial grass and/or perennial legume, such as the combination of Lolium perenne
(perennial ryegrass) and Trifolium repens (white clover). Often leguminous, perennial
species such as Medicago safiva (lucerne), can be sown as a monoculture, and utilised
in both cropping and grazing systems as a pasture ley andlor a high production forage
(grazed or conserved as hay or silage). Some perennial species have low rates of
recruitment and the population needs to be managed to ensure that the density of
these species does not fall below a critical level. Species and cultivars can be selected
for winter or summer activity depending on what is desired for the particular farming
system.

-

2.1.3 Annual Perennial pasture mix

Mixed perennial and annual pastures can also be sown together in various
environments. These types of pastures are generally a combination of grasses,
legumes, and to a lesser extent, other broadleaf species, for example Cichorium
intybus (chicory). Typically, legumes are present to provide a source of nitrogen and to
increase animal production. The legumes may be annual or perennial and can be sown
together but more commonly an annual legume is sown with a perennial grass. The
diversity of these mixtures is often low. A single perennial grass species sown with an
annual legume is the most common pasture combination in the higher rainfall
environments (> 600 mm annual average rainfall) of southern Australia, for example
Phalaris aquatica (phalaris) or Dactylis glomerafa (cocksfoot) and subclover.
2.2 Pastures i n south eastern Australia

Pastures in south eastern Australia (Figure 2.1) are extensive, low input
systems and commonly utilised for between one and ten years depending on the
farming system in place. The type of pasture sown (annual, perennial or annualperennial mixture) depends upon environment and farming system. Pastures in this
region can be broadly found in two zones that constitute either the higher rainfall areas
(> 600 mm average annual rainfall) that can sustain permanent perennial pastures or

the annual cropping zone (< 600 mm and > 375 mm annual average rainfall) that
contains pasture systems of either volunteer or sown annual or perennial pasture
species depending on the rotational system.
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2.2.1 Historical aspects of pasture composition

Pasture composition in southern Australia has changed over time. Before English
settlement in 1788, grasslands in southern Australia were subjected to infrequent
grazing by non-cloven hoofed animals and periodic burning (Moore, 1970). The taller
native perennial pastures were typically situated on soils of low fertility and subjected to
a low grazing pressure.

Figure 2.1 Temperate pasture zone of south eastern Australia (modified from Moore 1970).
As grazing by domestic animals increased during the 1800s, the shorter, native,
perennials such as Austrodanthonia spp. (wallaby grass) and Bothriochloa macra (red
grass) became more prevalent. When grazed these species may provide little ground
cover during winter (Lang ef a/. 1952). The success of the pastoral industry and
subsequent livestock pressure caused notable degradation of pastures (Kemp and
Michalk 1993).
Exotic pasture species were introduced into southern Australia either
deliberately as part of pasture improvement programmes or by accident. These species
have come predominantly from the Mediterranean basin, northern Europe, the
Mediterranean tip of South Africa, and the pampas of Argentina (Moore 1970). The first
introduction of new pasture species was due to the movement of settlers and livestock
into various regions of southern Australia. Desirable and productive pasture species
from temperate areas of Europe (for example perennial ryegrass, cocksfoot and white
clover) are well suited to areas with relatively mild summers and winter dominant
rainfall. Most useful annual grasses, forbs and legumes come from the Mediterranean
region. These species will generally establish readily, have fast growth rates, and
produce large quantities of germinable seed. They include grasses in the genera
Hordeum, Bromus, Vulpia, Avena, Lophochloa, Briza, Monerma and Parapholis (Moore
1970).

These annuals were able to readily compete under grazing pressure and
cultivation with native species which generally had lower seed production, poor
germination, and slow seedling growth. Mediterranean invaders also included legumes
(Trifolium and Medicago species and biotypes) and broadleaf species from the genera
Echium, Erodium and Geranium. Species from the cape region of South Africa (another
region with a similar climate to southern Australia) have also become naturalised and
many are now contributing to widespread weed problem in crops and pastures. These
species include capeweed, Oxalis pes-caprae (oxalis) and Senecio pterophorus (South
African daisy) (Moore 1970).
The introduction of some critical management changes during the 1950s in
temperate Australia significantly improved Australian pastures. Innovations such as
phosphate application, sowing of subclover and other grass species, economic means
of rabbit control and livestock grazing policies, all contributed to the improved
management of pastures.
2.2.2 Regional composition of pastures in southern NSW

Pastures in southern NSW may include native, naturalised, and exotic sown
species. Of the exotic species, the annual subclover has been the dominant sown
legume in southern NSW. Temperate perennials such as the grasses phalaris and
cocksfoot, the leguminous lucerne or to a lesser extent, the broadleaf herb chicory,
have been successfully utilised in the permanent pasture and annual cropping zones.
However annual grass weeds, for example Vulpia spp., annual ryegrass, Bromus moilis
(soft brome) and Hordeum leporinum (barley grass), and broadleaf weeds (such as
Paterson's curse and capeweed) are considered by local agronomists to be a major
component of most pasture systems in southern NSW (Pearson eta/. 1997).
In the annual cropping zone in the west of southern NSW, the total area of
pasture can be as high as two thirds of the land used for cropping (Wilson and
Simpson 1993). However, pastures are most often seen as low input systems primarily
required to increase soil nitrogen and to provide a disease break for following crops.
These systems are managed with little input of resources or targeted grazing
management. Price and returns dictate the level of pasture management. Although
anecdotal evidence would suggest that annual weed species would appear to dominate
pasture systems in the south, further survey data are required to document pasture
composition in this region more adequately to aid in devising appropriate weed
management strategies.
The actual state of the pasture ecosystems is difficult to ascertain unless
frequent and accurate data are collected. Dick (1996) commented that more detailed
data are required on the spread, importance and benefit of pasture species in Australia.
Although the use of geographic information systems (GIS) for identification of pasture

types or potential adaptation zones for species (Hill 1996) is a useful tool, the small
changes in the weed spectrum and pasture composition are still most accurately
recorded via ground survey techniques. Surveys should utilise techniques which allow
pasture diversity to be quantitatively examined and the majority of components to be
recorded as even if a species presently occupies a small niche in the pasture, it may
extend its boundaries in the future (Wilson and Simpson 1993). Botanical surveying
can therefore be used to assess the state of pastures, record both major and minor
components and, if possible, monitor trends over time.
Pasture surveys have been conducted in the higher rainfall districts of western
Victoria (Quigley eta/. 1990, Quigley ef a/. 1993), NSW Central Slopes and Tablelands
(Kemp and Dowling 1991, Garden ef a/. 2001), NSW Southern Tablelands (Munnich et
a/. 1991) and southern Victoria (Ward and Quigiey 1992) and less recently in the

annuai cropping zone (Reeves and Hirth 1982, Carter et a/. 1982 and Arnold e! at.
1985). While most of these surveys have shown some similar patterns, for example the
dominance of annual species and low prevalence of sown perennials, there are clear
regional influences on composition. Hence, the extent to which any survey is
representative of general pasture condition (or the prevalence of weeds) is limited.
Notwithstanding this, some general patterns of weed invasion into pastures of the
higher rainfall and the cropping zones of southern NSW can be made, for example, the
dominance of annual weed species.
There are no recent surveys of pasture botanical composition in either the
western cropping zone or eastern higher rainfall zone of southern NSW. As there is
usually considerable seasonal variation and instability in pasture botanical composition
with increasing age (Rossiter 1966), a survey of pastures in southern NSW is required
to allow accurate estimates of the types of pastures in a region and their composition.
Composition of pastures in the higher rainfall zone
The higher rainfall zone contains areas of sown and/or naturaiised pasture.
Many pastures in this zone have also become complex mixtures of sown, volunteer
exotic and native species (Kemp et at. 1999). These pastures contrast strongly with the
original grasslands that were dominated by tall, warm season, native perennials, such
as Jhemeda australis, (Whalley et at. 1978). In their survey of the Central Slopes and
Tablelands of NSW, Kemp and Dowiing (1991) recorded that the annual component of
the pastures decreased as rainfall and effective summer rain increased. In general, the
perennial grass component of pastures in this zone ranged from 15 to 20 % of pasture
biomass while volunteer grasses (annual or perennial) contributed 58%. Legume
content (predominantly subciover) varied from 12 to 42 %. In these studies, lucerne
was comparatively rare but its nitrogen fixing ability, deep water use and growth over
summer are reasons for its inclusion in pastures.

Given similar economic and environmental conditions, pasture surveys
conducted by Quigley etal. (1990), Ward and Quigley (1992) and Quigley e l al. (1993)
in southern Victoria may reflect the state of pastures in southern NSW. These surveys
report that pastures in this area have lost a high proportion of their sown perennial
pasture component and clover base. Instead, these pastures are dominated by species
(such as Holcus lanatus (Yorkshire fog grass), Vulpia spp., soft brome and
Hypochoeris spp.) which are more commonly associated with infertile soils. These
undesirable pasture species are in fact a symptom of reduced subclover vigour (a
syndrome dubbed 'clover decline') due to combined effects of soil acidification, low
phosphorus, soil compaction, ineffective rhizobia, insect pests and viruses (Helms et al.
1993).
Composition of pastures in the cropping zone
There is little information available on composition of pastures in the annual
cropping zone as few surveys have been carried out in this area. Surveys, such as
those conducted in NSW and Victoria, have generally focused on weeds found during
the cropping phase (Wells and Lyons 1979, Velthuis and Amor 1982, 1983, Taylor and
Lill 1986, Lemerle et al. 1996). The species or frequency of crop weeds may differ from
those found in pastures but in general these surveys found a high prevalence of less
desirable annual species such as the grasses Vulpia spp. and annual ryegrass.
2.2.3 The role o f sown perennial pastures

The use of well-managed sown perennials into either the permanent pasture or
annual cropping system, provides a range of benefits well beyond those associated
with increased animal production. The ability to improve soil nitrogen via fixation from
some perennial legume species, and the potential to alleviate land degradation are
major benefits. Through their control of nitrate leaching and deep drainage, perennials
have been shown to significantly reduce the rate of soil acidification (Ridley et al. 1998)
and reduce the encroachment of dryland salinity. Most of the positive benefits of these
species can be traced to either greater rooting depth andlor increased duration of
growing season (Pratley 1987, Helyar 1991).
Winter growing, annual pastures have contributed to soil acidity, rising water
tables and dryland salinity, due to shallow rooting depth and insufficient water use
(Helyar et a/. 1990, Helyar 1991, Johnston et al. 2001). Soil acidity can occur quite
readily with the use of nitrogen fertilisers and long-term annual subclover based
pastures. Ammonium salts and urea cause soil acidification through the loss of
exchangeable cations (particularly calcium). Oxidation of NH4*causes the release of H'
and N03.. Nitrate not utilised by the growing plants is leached out of the soil as calcium
nitrate (calcium is also lost via leaching with the anion in the fertiliser). Lowering of the
pH can in turn cause imbalances in nutrient availability, affect microbial numbers, and

thus produce more adverse conditions for plant growth. Helyar and Porter (1989)
recognised that the net addition of acid to pasture soils is also due to an imbalance in
the carbon-nitrogen cycle.
It is recommended that perennial species be incorporated into pastures in order
to utilise nitrate and water more efficiently in either permanent pastiire or annual
cropping systems. The more acid tolerant species such as cocksfoot can be introduced
into areas where soil pH is already reducing the production of less tolerant pasture
species.
Improved water use by perennial species at depth is also closely related to the
potential reduction in dryland salinity. The latter problem has been increased due to
tree clearing and planting of species that have a lower water use (Passioura and Ridley
1998). Thus, the water table rises bringing soluble salts to the surface soil layers or
depositing them near discharge areas. Perennials such as phalaris and lucerne have
the ability to extract water at depth during the growing season and assist with lowering
the water table (Ridley et a/. 1997, Lolicato 2000).
Perennial pastures also reduce weed burdens by utilising available resources
such as water and nutrients. They are rarely able to exploit all resources and some
weeds will establish. The increased plant cover (green or residual), which occurs with
the addition of sown pasture species, aids in protecting soil from both wind and water
erosion (Lang 1979), and limits the gaps available for weeds. Kemp et a/. (1999)
emphasised the need to 'weed-proof' pastures and to minimlse gap size to control
weed invasion. Maintenance of adequate levels of ground cover must be obtained
using effective pasture management techniques. By reducing the amount of bare
ground or gaps, fewer niches are available for colonisation by weeds. However in the
summer-dry environment of southern NSW, pasture gaps are inevitable at the
beginning of autumn. A key to the successful management of pastures is to focus on
strategies that will manipulate composition and limit weed invasion opportunities.
When economic

returns are low from

livestock

enterprises, pasture

improvement is correspondingly low and the establishment of new, perennial pastures
may be considered too expensive with an estimated cost of $180-250 per hectare
(Vere ef a/. 1997). The influence of economics on pastures is reflected in the low (less
than 2%) resowing rates in the higher rainfall areas of Victoria (Ward and Quigley
1992). Information collected from a survey of graziers in the higher rainfall temperate
pasture zone of Australia (Reeve eta/. 2000) identified that pastures may not be sown
because farmers observed disappearance of desirable species within ten years.
Thus, regardless of the benefits of sown pasture species and the cost of weeds
(estimated annual cost to the NSW pastoral industry of more than $231 million in lost
production, Dellow eta/. 2001), producers have observed an often rapid decline in the
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contribution of desirable species to pasture composition. Weeds are both a symptom
and cause of pasture decline. Therefore, an understanding is needed of the factors that
control weed invasion so that better tactics to minimize weeds in perennial pastures are
implemented.
2.2.4 Seasonal variation in pasture production

in southern NSW, the variation in dry matter production (quantity and quality)
will vary with climatic conditions, such as rainfall and temperature, and soil type. A
'typical' production curve for the South West Slopes of southern NSW is illustrated in
Figure 2.2. Annual pastures may have little nutritive value during drier periods
(summer) and can lack growth in autumnlwinter periods (Doyle et a/. 1989). These feed
gaps for animal production can be reduced by the introduction of a perennial
component to the pasture. Opportunities for weed invasion may arise through regular,
seasonal periods of reduced growth activity (for example dormancy of phalaris over
summer (Oram and Hoen 1967)) or limited seasonal opportunity for desirable
establishment (for example autumrilwinter droughts reduce clover germination and
successfut establishment).
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Figure 2.2 A 'typical' pasture production curve for the South West Slopes of
New South Wales (adapted from NSW Agriculture's PrograzeTMmanual, Allan 1994.).
The prevalence of annual species in pastures is due to seasonality of water
availability (Fitzpatrick and Nix 1970) (especially the low availability of water during the
summer-autumn period). Over this period, perennial grass species such as phalaris
become dormant (McWilliam 1968) and rely on basal buds for regeneration in the
following autumnlwinter season. Consequently there is ample space and time for a
suite of annual and perennial weeds to germinate, establish and reproduce if left
unchecked when the more desirable species are inactive (Wilson and Simpson 1993).
The variation in the establishment and growth of desirable pasture components
has implications for weed invasion and demonstrates the need to investigate the 'gap'

or 'opportunity' dynamics of pasture systems in relation to the expansion of desirable
species or the successful establishment of weeds.
2.2.5 Spatio-temporal dynamics of pasture structure

Gaps in pasture systems provide the opportunity for establishment of either
desirable or undesirable species. Most studies of gaps in the Northern Hemisphere
(Bergelson et a/. 1993, Bullock et a/. 1994, Burke and Grime 1996) view this space as
a consequence of disturbance. In the southern temperate regions of Australia, gaps
arise due to temporal (seasonal conditions) or spatio/temporal (a combination of
seasonal effects and the availability of space between resident plants} conditions and
provide unsown species with the opportunity to invade. Viewed in this way, the
summer-dry period in annual pastures can be thought of as an infinitely large temporal
gap. The size of the desirable and undesirable seed banks, their time of germination
and their ability to compete for resources will influence the composition of the annual
pasture.
Spatio-temporal gaps occur in perennial only and perenniallannual pasture
systems. These gaps occur between the resident perennials due to 'turn-over' of the
seasonal annual species. The presence of desirable perennials reduces the niches
available for desirable or undesirable species when conditions are adequate for seed
germination. The appearance of seasonal gaps of varying sizes and the differing
abilities of pasture species to occupy this space and use the other resources within it
will influence the composition of pastures. In Australia, seasonal conditions can cause
large gaps for long periods during the year. This contrasts strongly with the smaller,
less prevalent gaps found in grasslands of many Northern Hemisphere climates. In
short, due to climatic constraints, the desirable species in temperate perenniallannual
pastures in Australia are not able to achieve 100% ground cover and consequently
sites become available for weed invasion.
The spatial and temporal distribution of pasture gaps is controlled by the sward
composition, management, climatic and edaphic factors. Ail affect the rate at which this
space is utilised. Colonisation of available space can occur by increasing basal area of
established perennial species or the recruitment of new individuals. Short-lived annual
species in a pasture increase the incidence of gaps in the system (Panetta et a/. 1993).
Spatial patterns or changes to vegetative cover over time can occur because of
increases in species cover due to expansive growth or as a result of colonisation by
new individuals. Virgona and Bowcher (2000) compared the movement index of
several grass species to measure colonisation of space through either increased
tiilering or recruitment of new individuals. They found that phalaris was able to move to
and occupy bare ground more effectively than cocksfoot, tali fescue or wallaby grass.
This was due to its 'mobility' rather than by recruitment of new individuals. Manipulation

of space using selectively chosen and integrated management techniques should help
to reduce weed species that require pasture gaps for regeneration. If perennials die
(due to competitive pressure or other disease or insect influences), this too will
influence the size of the gaps (Gregg 1997). Research into the gap dynamics of a
perennial pasture requires long-term research to adequately understand the processes
that are occurring within the inter-tussock areas.
2.3 Weed invasion i n pastures: population dynamics and influences

In order to maintain the desirable components of pastures, an understanding of
their population dynamics is required. An interacting hierarchy model was developed to
conceptually illustrate the interactions occurring between pasture components and the
various environmental and biological influences (Figure 2.3).
From the manager's perspective, the opportunities to influence the majority of
the outermost 'pasture influences' (edaphic and climatic effects) in the model are
limited. The greatest impact on pasture population dynamics and botanical composition
results from imposing various management strategies. Effective manipulation of
botanical composition relies upon understanding the population dynamics of the
pasture components.
The population dynamics of a pasture are influenced by interactions that occur
between the lifecycles of the species present in the ecosystem, the environment and
management. Germination, growth and reproductive ability can be used as a
measurement of the competitive effects of weeds on crops or pastures species
(Radosevich 1987). Competition studies conducted by Silvertown and Doust (1993)
show that reproductive rates of species can be used to determine the level of
competition. The study of reproductive rates is highly relevant to the assessment of
competition between annuals and perennials in pastures. Prevalence of the annual
species is related to their capacity for seed production, seed conservation and seed
dispersal. Hence, weed seed bank dynamics will have a large impact on the size of
future weed populations.

2.3.1 Soil seed banks and seed germination

The first critical stage in the survival of annual plants is seed germination.
Seeds may have various dormancy mechanisms that must be broken before
germination can occur, for example light, temperature, soil moisture, aeration and pH
(Baskin and Baskin 1987, 1998). Pasture seed bank dynamics are a function of the
species present and management. Harper (1977) conceptualised the seed bank as a
place of withdrawals (germination, senescence, death and predation) and deposits
(seed production and dispersai). Seed bank studies have been conducted to assess
the effect of cultural practices on 'withdrawals' of viable weed seeds from the soil
(Douglas 1965, Roberts and Dawkins 1967, Warnes and Anderson 1984, Dessaint et
a/. 1997, Mohler and Galford 1997, Mulugeta and Stoitenberg 1997). These studies
have found that various cultural practices stimulate or reduce germination of the
numerous species found in soil seed banks.
Perennial pasture systems usually remain relatively undisturbed at depth for
long periods of time, and thus the majority of the germinating seedlings originate from
relatively shallow soil depths of 5 cm (Mcivor 1987, OPConnor and Pickett, 1992).
Radosevich and Holt (1984) proposed that the majority of weeds found in agricultural
ecosystems arose from seed deposited in the soil in previous years rather than by
recent dispersai. This is in contrast to results found in grassland experiments
conducted by Bullock et a/. (1994), who determined that recent seed rain provides the
majority of newly established seedlings. Studies by Powles et a/. (1992) in South
Australia on the control of a herbicide-resistant biotype of Hordeum glaucum (barley
grass) in cropping systems have also shown that this annual grass relies heavily on
seed from the previous year for germination in the following season. By preventing new
barley grass seed entering the soil seed bank for 3 years, Powles et a/. (1992) were
able to eliminate the annual grass weed. As many of the species found in pasture
systems in southern NSW are annual grasses, pasture weed management strategies
for annual grasses in this region have focused on ways to prevent viable seed
production andlor the entry of seed into the seed bank (Leys eta/. 1991, 1993, Dowling
et a/. 2000).
investigating soil seed bank composition can identify potential weed problems.
Many species may be dormant in the soil and do not contribute greatly to the above
ground botanical composition. An example is Raphanus raphanistrum (wild radish) as it
can be a serious weed of crops but contributes little to pasture composition due to lack
of soil disturbance (Cheam 1986). More effective management strategies for such
weeds could be developed by improving our understanding of seed bank dynamics and
quantifying its regeneration potential (Buhler et al. 1997, Mclvor and Gardener 1995).

Seed bank studies have been used in pasture systems to determine the species
composition and density (Thompson and Grime 1979, Forcella 1984, Williams 1984,
Mclvor 1987, Pagnotta et a/. 1997). Williams (1984) investigated changes in seed
banks under long-term pastures and concluded that when disturbed sufficiently,
changes in botanical composition could be accounted for by seed bank composition. In
long-term pasture systems there seems to be a weak correlation between the species
composition of the seed bank and that of the associated vegetation (Thompson and
Grime 1979, Williams 1984, Looney and Gibson 1995). However, stronger correlations
have been found in pasture systems containing species that produce large quantities of
seed (for example annual grasses) with low seed dormancy (O'Connor and P~ckett
1992, Tsuyuzaki and Kanda 1996, Dessaint eta/. 1997). Disparity between seed bank
and associated vegetation species may occur but seed banks remain a useful tool to
determine potential weed problems and influences of cultural practices. Successful
weed seed production requires entry into the final stage of reproductive phenological
development (viable seed entry into the soil seed bank). Manipulating the seed bank by
preventing new seeds entering the soil and reducing the existing number of viable
seeds in the soil will ultimately affect the survival of an annual species in pastures.
2.3.2 Plant survival and phenological development

In a perennial pasture, the ability of annual species to establish successfully
amongst the perennial components depends upon their ability to compete for
resources. Grime (1979) proposed a model that considered three plant survival
strategies, competition, stress and disturbance. Competitors are considered in this
model to have developed characteristics that maximise resource capture in productive
but relatively undisturbed conditions and have an extensive vegetative growth phase.
The ultimate competitor is able to respond rapidly to the availability of above and below
ground resources to maximise dry matter production.
Mechanisms that limit the plant biomass by causing its partial or total destruction are
caused by disturbance (Grime 1979). This disturbance can occur naturally (such as
flood or drought), through human intervention (including mechanical defoliation or other
agronomic methods), due to herbivores or at a microbial level. Disturbance can favour
some species but this will depend upon the intensity and rapidity of the event. If
disturbance is severe, then competitors are excluded in preference of ruderal. These
plants are generally found in highly disturbed, productive environments and have a
short life spa and high seed production.
The Grime model can be used to describe the various plant survival strategies
that exist in agricultural systems. For example, most annul weeds found on arable land
are identified as competitive-ruderals which means that they may initially require some
form of disturbance to germinate and emerge but then rely on their competitive
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characteristics to colonise a pasture. Their subsequent ability to grow and produce
seed will also be determined by adequate resource capture and responses to pasture
disturbance.
A disturbance during a critical time of plant phenological development (flowering
or seed production) can be detrimental to species survival. McCarty and Hatting (1975)
showed that mowing Carduus nutans (nodding thistle) within 2 days of anthesis for the
first terminal heads in a plant population, eliminated germinable seed production from
all mowed stalks. However, mowing later than 4 days after anthesis led to a significant
amount of germinable seed being produced. Regrowth also occurred from plants
mowed before the first terminal heads began anthesis.
Some plant species have adapted to avoid the loss of reproductive structures
under defoliation or grazing. They can have prostrate growth habits, protective awns,
pointed bracts or hairs on their inflorescence or indeterminate habit (Belsky 1986a and
198613). However, the persistence of other grass species can be severely reduced if
they are cut or grazed heavily during stem elongation (Brougham 1960, Jewiss 1972,
Culvenor 1994). Opportunities for targeting a specific weed via a strategic disturbance
such as defoliation could have a large impact on future pasture dynamics but needs to
be targeted at the individual species level.
2.3.3 Influences o n population dynamics

If sown pastures are to be properly utilised and their benefits obtained for an
extended period, an understanding of the factors that influence pasture composition
and competitive interaction between species is required. A suite of environmental and
biological factors will influence the population dynamics of pastures. While not all of
these factors can be manipulated, they may influence the ability of the pasture
community to resist invading species.

Environmental
Environmental (climatic and edaphic) conditions directly affect the growth and
composition of a plant community (Figure 2.3). The environmental conditions under
which a pasture ecosystem exists will interact with each other and also with the
resources that are available within that ecosystem. These factors influence the
variation in pasture production and determine the ability of species to survive in
pastures and compete with neighbours. The majority of external factors cannot be
easily controlled (radiation, rainfall, temperature) but others, such as soil pH and
availability of resources (space, light, moisture and nutrients), can be manipulated. It is
the manipulation of competition for these environmental resources that will influence
pasture composition.
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Biological
Many biological factors influence the population dynamics of pastures. These
include soil microbes, pests, diseases and allelopathy (Figure 2.3). Soil microbes may
impact on seed longevity or plant residue breakdown. The reliance on vesicular
arbuscular mycorrhizae (VAM) also varies between plant types. VAM improves a
plant's ability to access nutrients that are not readily mobile in the soil. Subclover and
white clover are more reliant on VAM than perennial ryegrass due to their lack of root
hairs (Bolan et ai. 1987).
Pests and disease may weaken a species and contribute to increased competition
from neighbouring species (Jones and Nicholas 1998). Wallace and Mahon (1963) also
recorded an increase in weeds in a legume pasture after attacks by Halotyde~rs
destructor (red legged earth mite). Increasing the diversity of the pasture can reduce
the impact of pests. Sowing both grass and legume in a pasture mix can limit the
contribution of potential pest hosts (for example broadleaf weeds) or sufficiently change
the sward to discourage pests (Lamp 1991, Gaul and Ridsdill-Smith 1996). Pesticides
can also be applied to reduce insect damage to desirable pasture species and promote
growth of desirable species.
Allelopathy is the release of toxic substances, or allelochemicals, into the
environment by a plant that may then be detrimental to another species (Radosevich
and Holt 1984). These allelochemicals can originate from dry residues or be exuded
from living plants. Plant residues can reduce seed germination. Vuipia spp, residues
have been recorded to cause significant reductions in the germination of both lucerne
and phalaris seed (Pratley and lngrey 1990). Root exudates have also been suspected
of causing allelopathic effects on neighbouring species. For example, Eragrosfis
curvula (Consol lovegrass) may have a detrimental effect on capeweed and annual
ryegrass (Johnston 1989a and 1989b). Unwanted allelopathic effects from grass
residues on the germination and production of subclover (Leigh e l a/. 1995a and
1995b) can be reduced by preventing the accumulation of residual biomass. This can
include the use of strategic grazing management, mechanical defoliation or
incorporation of mulched residues into the top soil. However, despite the potential to
use allelochemicals as bio-herbicides and incorporate them into an integrated weed
management programme, these weed

management tactics

have not been

demonstrated on a paddock scale.
Competition (plant species, density and arrangement)
The composition of the pasture or choice of species mix will influence the ability
of the pasture species to compete with weeds. Glasshouse experiments have
examined the competitive effects of weed and pasture species on the ability of
pastures to successfully reduce both weed emergence and shoot and root growth. For
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example subclover suppressed Chondrilla juncea (skeleton weed) (Groves and
Williams 1975) and various perennial grasses suppressed Carduus nutans and Cirsium
vulgare (Wardle et al. 1992). However, under certain conditions (reduced defoliation,
high fertility, delayed establishment) other studies show the inability of pasture species
to compete successfully against weeds, for example Paterson's curse against
subciover (Piggin 1978a).
Nevertheless, field experiments using mature perennial pasture swards (greater
than 1 year old) demonstrated that the sown perennials can reduce the establishment
of weed seedlings under conditions of adequate fertility and grazing management. For
example Yorkshire fog grass and Poa trivialis successfully prevented the establishment
of Bromus sterilis sown as seed or as transplanted seedlings (Rew 1993, Boatman et
a/. 1994). If a pasture is being sown to manage a particular weed, then the choice of
species and its desirable competitive characteristics can influence the success of the
weed management. Nodding thistle control in New Zealand pastures is improved when
the sown pastures are dominated by perennial grass species rather than legumes
(Wardle et a/. 1995). Hence in this instance, the perennial grass species must possess
characteristics that improve competitive ability against the weed compared to those of
the sown legume species.
The ability of sown pastures (both annual and perennial) to compete with
undesirable weed species has been observed and recorded in southern Australia.
Studies have shown subclover to be competitive against Emex australis (spiny emex)
(Panetta and Randall 1993), but not against vuipia (Leys ef a/. 1993). Field
experiments have also demonstrated the effectiveness of sown perennial pasture
species such as phalaris and lucerne in reducing biomass and numbers of Silybum
marianum (variegated thistle) (Michael 1968) and skeleton weed (Wells 1969). Autumn
sown, temperate pastures consisting of both subclover and phalaris have been
effective in reducing Paterson's curse (Gardner 1933, Orchard 1948, Michael 1970)
although McAuliffe (1953) reported poor control with annual ryegrass. Combining
annual ryegrass or phalaris with subclover will lessen the vulpia component of a
pasture (Leys and Dowling 1992, Leys eta/. 1993).
Competition in mature sown temperate perennial pastures has been largely
ignored because of experimental difficulties such as establishing and maintaining a
perennial sward. Hence, many studies have focussed on competition between
establishing seedlings of perennial and annual species (Lodge 2000). Results from
these studies may be irrelevant to competition within mature stands where spatial
dynamics plays a major role in determining competitive outcomes (Dear 1998). Hence,
in the main, studies have not focused on the population dynamics of the weeds,

(survival mechanisms such as seed production and phenologicai development), but
simply on production parameters (growth and dry matter accumulation).
As previously stated, temperate pastures in southern NSW contain a number of
annual and perennial grass and broadleaf species (Kemp and Dowling 1991, Pearson
et a/. 1997, Garden et a/. 2001). Due to this diversity it is clear that it would be
impossible to derive a complete set of competitive indices for each species as they are
too numerous and the number of interactions too complex for a binary type
experimental approach. A simplified response to this problem is to consider the
interactions between members of functional groups. Wilson and Simpson (1993)
concluded that mature pasture systems in Australia will .contain a large number of
species and that even with this diversity, "they can still be productive and without
adverse impact on the long-term values on the land and landscape". However the level
of weeds needs to be monitored and the pastures managed accordingly, Increased
pasture diversity may indeed lead to a more stable pasture ecosystem that resists and
recovers more fully from major disturbances such as drought (Tilman and Downing
1994). Therefore manipulating the perennial diversity of sown temperate pastures
could improve the ability of a pasture to recover from disturbance and resist potential
weed invasion.
To increase pasture sustainability and productivity, an optimal balance of
desirable species is needed. Radosevich (1987) proposed that, for maximum
productivity and survival, plants need to be combined in appropriate proportions and
that species selection, density and spatial arrangement influence inter- and intraspecific competition.
initial spatial arrangement of species in a pasture is of short-term benefit with
respect to establishment and potential competitive advantage for resources. There Is
no documented evidence that there is any advantage gained by species spatial
arrangement beyond the establishment year (Lodge 2000). This is because after initial
establishment, the pasture ages and undergoes changes due to interactions with
neighbours for resources, seasonal conditions and various management regimes. This
results in self or non-self thinning by the various pasture components and changes to
species arrangement and density.
The importance of density on sward productivity has been shown to decline with
time (Black 1957, Mclvor and Smith 1973). However, species response to density and
subsequent productivity or survival can differ. Subclover seed yield and seedling
regeneration have been shown to be negatively associated with perennial density,
more so for phalaris than lucerne (Dear 1998).
The degree of pasture degradation or weed invasion will therefore be influenced
by how effectively the desirable species compete for pasture resources. For weeds to

achieve densities that eventually affect pasture or animal production, they must
possess biological

characteristics that enable them

to

successfully invade

establishment niches in a pasture. Conversely, pastures must have features that will
predispose them to weed invasion (Burke and Grime 1996).
Competition for resources

Weeds and desirable pasture components will compete for the available
resources such as water, light, nutrients and space. In a review of weed management
directions in pasture systems, Kemp (1996) found that there has been little attention
given to the mechanisms whereby weeds compete with the desirable pasture
components for these resources.

Water
Availability of water is a key factor in determining pasture productivity and
composition in southern Australia (Fitzpatrick and Nix 1970). Annual species have a
shallower rooting depth than perennial species and are therefore less able to extract
water and nutrients. Soil under both phalaris and cocksfoot pastures has been shown
to be significantly drier than soil under bare fallow or annual ryegrass (Ridley et a!.
1997). Lucerne, and phalaris are able to extract water from greater than 2 m depth
after two years of establishment (Lolicato 2000). Therefore, when moisture in the upper
soil profile becomes limited, perennials are able to utilise deep soil water (assuming
adequate rooting depth). Water use by summer active perennials can suppress the
survival of emerged autumn seedlings such as subclover predominantly because they
can reduce soil water availability (Dear 1998). Moisture stress can interact with grazing
or cutting during grass stem elongation and further reduce persistence (Jewiss 1972,
Culvenor 1994). Other studies have shown that legume performance is more affected
by perennial grass competition than cutting or moisture stress (Hill and Hoveland
1993). Competition for resources other than water can also impact on the species
balance in pastures.

The competition for light required for photosynthesis occurs in all plant
communities (Donald 1961). Competition for light may start to impact on plant
communities even before some species have commenced germination. A dense, green
crop canopy may reduce or prevent the germination of annual weed species due to an
increase in the proportion of far-red light which inhibits germination (Phung and Popay
1981). The presence of weeds in a crop or pasture can also affect the canopy of the
desirable plants and thus influence their productive and reproductive capacity. Many
studies have considered the effects of light capture in crops using leaf area index (LAI)

to examine plant productivity and light availability. The morphological characteristics of
plants and their ability to position or orientate foliage and extend the leaf canopy above
competitors to improve light capture can also contribute to the level of competitive
advantage and determine susceptibility to light competition (for example subclover:
Black 1957, Jeangros and Nosberger 1990).
Competition for light at critical times in the growing season influences seed
production. Experiments by Oliver et a/. (1976) on soybean and a species of lpomoea
(morning glory), concluded that the reduction in soybean yield had resulted from an
increase in photosynthetic leaf area of the weed (increased competitive ability) during
the reproductive stage of the crop. This in turn reduced soybean LA1 relative to the
weed. In a pasture community, the competitive ability of a desirable species to capture
light will play a role in determining its future success. Competition for light (Collins eta/.
1978) is one of the most likely causes of tow subclover yields in mixed perenniallciover
swards. In mixed temperate perenniallannual pastures, Dear (1998) concluded that
there was a strong positive relationship between the proportion of light reaching the
subclover canopy during seed set and subclover seed yield. Shelter by neighbouring
plants in grasslands can improve the establishment of some species by creating a
sheltered microsite (Ryser 1993) but the influence of shading on seedlings is not
always positive. Ryser (1993) also recorded slightly lower survival of other
dicotyledonous species in vegetated areas and a glasshouse experiment conducted by
Trenbath (1974) found that shading of one oat species by another gave the latter a
distinct competitive advantage.
Pasture species differ in their ability to maintain photosynthetic output under
various light intensities. Consequently, they will also differ in their weed suppression
abilities. Under shading, perennial ryegrass suppressed Rumex acetosella (sorrel) but
white clover dominated the latter when shading was not imposed (Harris 1972). Wardle
et a/. (1992) found that a range of perennial pasture species inhibited the emergence
and growth of thistle seedlings and this was attributed to competition for light and the
presence of alielopathy.
The majority of light competition studies examined herbage yield as a measure
of competitive ability rather than effects on reproductive output (amount of seed
entering the soil seed bank). Although there is generally a close correlation between
weed biomass and seed production there may also be a minimum plant size below
which no seed is produced (Pacala and Silander 1987). Examining annual weed
phenological development and seed production in a pasture could assist in devising
weed management strategies that have a major impact on the level of seed entering
the seed bank.
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Nutrients
Nutrient levels in pastures have the ability to play a key role in establishing
levels of competitive ability between sown pasture components and weeds. Improved
levels of pasture fertility, although beneficial to desirable species, can lead to increased
levels of undesirable annual grasses and other weeds. This may in turn create a further
change in the weed spectrum due to higher selective pressures from herbicide usage
(Radosevich and Hoit 1984).
The effects of nutrient addition in field and controlled environment experiments
can vary (Watt 1987). The size, maturity and selection of species can also have a
marked effect on surrounding plants. Under low soil fertility, stronger competition can
be exerted by annual grass weeds such as vulpia and Hordeum leporinum (barley
grass) on establishing perennial grasses (King and Priest 1999). Armstrong et al.
(1993) demonstrated that in monoculture, the desirable grass species (Cenchrus
ciliaris cv. U.S.A., Digitaria ammophila and Thyridolepis mitcheiiiana) and the less
desirable Aristida armata (wire grass) responded strongly to nutrient addition. However,
in mixtures, wiregrass was not highly competitive and was suppressed by the desirable
species. Even small plants that mature early can depress yields of neighbours. Mack
and Harper (1977) commented that this may be due to nutrient limitations and those
nutrients removed by the earlier maturing plants would not be immediately re-available
in the nutrient pool after senescence occurs.
The response to nutrients such as phosphorus may depend upon the level of
nitrogen present (Rossiter 1964). Under low nitrogen conditions, clover is more
responsive to phosphorus addition but high nitrogen conditions favour grasses and
broadieaf species. Other species such as Hieracium pilosella (mouse-ear hawk weed)
show a decrease in abundance with increasing superphosphate rates (Scott 2000).
The dry matter responses of grasses to nitrogen (Cocks $974, Coiman et ai.
1974, Murtagh 1977) demonstrate the probable importance of nitrogen as a
contributing factor to plant species distribution. Generally a pasture containing both
grass and legume components will become more grass dominant if nitrogen availability
is high as a grass has an increased competitive ability in the high fertility, mixed
pasture environment (Donald 1963). Plant species may also change their relative
abundance as a result of the form of nitrogen fertiliser used. Hieracium spp. show a
greater increase in abundance under urea nitrogen than under calcium nitrate nitrogen
fertiliser (Scott 2000). Spatial and temporal uptake of nitrogen in perennial pastures
requires further investigation with regards to competition with weeds.
The amount of nitrogen captured and allocated by certain species may be
influenced by whether the competing neighbours are annual or perennial (Welker etai.
1991). Jeangros and Nosberger (1990) suggested that competition for nitrogen rather

than light was the main factor limiting the early growth of Rumex obfusifolius (broadleaf
dock) in ryegrass swards. Nitrogen uptake by plants can also be modified by defoliation
frequency and competition from neighbours (Thornton and Millard 1996). The ability to
compete for resources such as nitrogen may also be influenced by the choice of
cultivar as described by Camlin (1981) when assessing the competitive effects of
various cultivars of perennial ryegrass and white clover grown in association. In
established Mediterranean grasslands, Joffre (1990) demonstrated that if sown
perennial species such as phalaris were not subjected to grazing at the time of the
autumn break, the perennials had a competitive advantage with respect to the use of
mineral nitrogen and water over the annual species.
Many annual species have a competitive advantage over perennials during the
f~rstfew months of establishment and this can be accentuated by the application of
nitrogen (Grime and Hunt 1975). Muller and Garnier (1990) demonstrated a
competitive advantage of annual Bromus spp. over perennial species of Bromus during
establishment when nitrogen fertility was increased. Bromus sterilis has also been
shown to produce more reproductive tillers and seed when nitrogen is added and the
annual grass was competing with the perennial grasses Festuca rubra, Holcus lanatus
and Poa trivialis (Rew et a/. 1995). Spatio-temporal differences in nitrogen uptake have
been investigated in northern hemisphere 'old field' plant communities (McKane et a/.
1990) and mixed perennial grasslclover pastures of New Zeaiand (Ledgard et. a/.
1988, Cookson et a/. 1990). Results have shown that species differ in their timing of
nitrogen uptake and also in the depth of nitrogen accessed by plant roots.
Although there have been no documented reports of nitrogen uptake by the
various desirable and undesirable components of the annuallperennial pastures grown
in southern NSW, nitrogen would seem to have a large influence on the
competitiveness of the desirables at both a temporal and spatial level. Therefore it is
important to quantify which members of a temperate annuallperennial pasture
community access the available nitrogen and when this uptake occurs.

SDace
Little is known about the processes leading to gap formation and closure in
sown pastures (Panetta et a/. 1993). Field based research is more relevant as it has
been found that controlled experiments can be poor predictors of seedling
establishment and survival in the field gaps (Watt 1987). Seedling emergence in the
inter-tussock spaces of perennial species will be influenced by many factors such as
the amount and type of ground cover, proximity to the perennial base, moisture,
nutrients, microclimate, allelopathy, and soil pH (Scott 1962, 1975, 1978). The size of
the gap may also create differences in the weed spectrum that establishes (Hallgren
1976, Silvertown and Smith 1989, Wardle eta/. 1995).

Resident species can affect the survival of seedlings although the gap size may
be more important (Gross 1980). Other studies in low input European grasslands have
suggested that gaps are of minor importance in species recruitment and that
competition from neighbouring plants had less affect than physical hazards and
pathogens (Ryser 1993). Seed size may also be related to gap size in terms of
recruitment frequency. Small seeded species have been found to establish more
successfully in larger rather than smaller bare ground areas but large-seeded ones
may germinate in gaps of variable size (Gross and Werner 1982).
A comparison of the effects of cutting or grazing on the spatial pattern of white
clover in white cloverlperenniai ryegrass pastures showed that gap size was reduced
and white clover patch size increased under a cutting regime when compared to
grazing (Edwards et al. 1996). Virgona and Bowcher (2000) demonstrated that the
ability of a range of perennial grasses to maintain basal cover was increased with
increasing grazing interval.
Research focusing on gap dynamics has been mainly confined to the Northern
Hemisphere (Hallgren 1976, Wells and Haggar 1984, Watt 1987, Bergelson ef a/. 1993,
Bullock etal. 1994, Burke and Grime 1996, Marriot e l a/. 1997) or perennial pastures of
New Zealand (Scott 2000). Although utilisation of gaps by desirable species in pasture
communities may be critical in order to reduce weed invasion, this possible reduction
requires long-term field study and investigation of many processes that occur within the
inter-tussock spaces.
2.4 Managing pastures: options and opportunities to manipulate weed burdens

Pasture management has a large impact on pasture composition. In the past
the management of weeds in the pasture ecosystem has largely been based upon the
techniques used in annual cropping systems (short-term solutions such as herbicides)
(Kemp 1996). Kemp (1996) also concluded that weed management in both the pasture
and cropping system now requires an integrated approach and must incorporate a
number of strategic, management techniques and should have a long-term view. The
effects of management (particularly defoliation) on competition between desirable and
undesirable pasture components have been highlighted as an aspect of vegetation
dynamics that requires greater attention (Panetta et al. 1993, Edwards et a/. 1996,
Kemp 1996).

2.4.1 Manipulation o f species at sowing
As previously discussed, the selection, density and spatial arrangement of sown
pasture species can have an impact on weeds as it can improve pasture
competitiveness. The manipulation and choice of species at sowing should therefore

be considered in any weed management strategy. There is no particular pasture
species that can be labelled an "across-the-board" weed control agent. indeed a highly
competitive species may well be less desirable in terms of forage value. For example,
Consol iovegrass is more competitive against spiny burr than lucerne (Johnston 1989a)
but of much lower quality as a forage than lucerne (Virgona, Dear, Sandral and Swan,
unpublished data).
Spatial arrangement at the time of sowing can have a significant impact on the
establishment success of perennial pasture species. To improve pasture establishment
under crops in the lower rainfall (400mm) region of central western NSW, Brownlee
and Scott (1970) implemented atternate row sowing of crop and pasture seeds. Taylor
et a/. (1996) improved both perennial grass establishment and persistence under
cereal crops by using this method. Densities of desirable pasture species such as
subclover and phalaris have also been demonstrated to increase significantly (between
270% and 580%) when using alternate row sowing rather than undersowing cereal
plots or sowing pasture alone (Vazzoler 1996).
Broadcast sowing of pasture species has been shown to reduce perennial
grass yields and density due to aggressive competition from annual pasture species
such as subclover and annual ryegrass (Lodge 2000). It was also suggested by Lodge
(2000) that if the physical separation of the perennial grass and competitor could not
occur during sowing (for example, using alternate rows), then sowing species in
separate years could reduce competition on the establishing perennial component.
The manipulation of the chosen pasture species at sowing may improve the
density of the desirable species during establishment but there is still little known about
the subsequent interactions that occur between the components of temperate pasture
species in southern Australia as the pastures age. To understand these interactions
more accurately, realistic levels of annual weed competition with mature perennials
need to be used in field-based research. However, it is not possible to examine all the
interactions between annual and perennial species in a pasture system. One obvious
approach to overcome this is would be to select representatives from each of the major
functional groups. Such an approach underpins the analysis of changes in botanical
composition advocated by Kemp et a/. (1999). Using this approach, the effects of
increasing the diversity of competing perennial species could be considered. This gives
rise to the question: if perennials from different functional groups are combined does
this exert greater competition on the weeds? Given that the broad functional pasture
groups (grass, broadleaf and legume) each occupy a niche within the pasture
ecosystem, it seems likely that increasing the diversity of the perennial species should
also increase the pasture's ability to suppress invading annual species.
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2.4.2 Fertiliser

The application of fertiliser on a permanent pasture will influence composition and
may even have a greater effect than the frequency of defoliation (Williams 1984). Both
low and high fertility sites can be associated with weedy species. The addition of
fertiliser or legume can greatly improve pasture production and the growth of desirable
species (Harris 1971, Scott et a/, 1990, King and Priest 1999). Conversely, situations
will arise when the addition of nutrients will preferentially benefit the undesirable
species, for example Senecio madagascariensis (fireweed) versus either subtropical
pastures species, Lolium multiflorum (Italian ryegrass) or Avena strigosa (oat) (Martin
and Colman 7977, Sindel and Michael 1990, Sindei and Michael 7992).
Small increases in soil fertility may also lead to significant botanical changes in
some species-rich communities. Kirkham et a/. (1996) described the potential instability
of pasture composition arising from fertiliser addition or cessation of aftermath grazing
on peat moors used for hay making, and found that all legumes were suppressed with
high rates of nitrogen where the aftermath was grazed. Mountford eta/. (1993) found
that applications of fertiliser to hay meadows encouraged domination of the sward by
grasses and reduced species diversity. Tilman (1993) also recorded a reduction in
species richness with an increase in productivity due to nitrogen addition on natural
grasslands.
Combining various defoliation and fertiliser regimes can also dramatically alter
the species balance (Torssel et a/. 1976, Berendse et a/. 1992, Smith et a/. 1996).
Annual species may dominate with the addition of nitrogen and a disturbance such as
shallow soil tilling (McLendon and Redente 1991, Wilson and Tilman 1991). The
contribution of perennial species to a plant community can be unaffected by nitrogen
supply but significantly reduced by disturbance (Wilson and Tilman 1991). High rates of
nitrogen fertiliser applied to perennial pastures (such as perennial ryegrass) can also
minimise the severity of weed invasions in the establishment year (McKenzie 1996).
Understanding the timing of resource uptake, resource proximity or nutrient form may
allow further manipulation of pasture composition. In pasture systems of southern NSW
the use of nitrogen-based fertiliser is not an economic option and virtually all nitrogen
inputs into pastures are through nitrogen-fixing legumes. Hence, nitrogen addition in
pastures will only be achieved through manipulation of the legume component. In
practice this can be achieved through a range of strategies, the most important being
the manipulation of soil phosphorus levels via fertiliser addition. Studies on the effects
of soil phosphorus level on species composition in pastures have been well
documented (Ozanne and Howes 1971, Cook et a/. 1978, Bolland 1985) and
demonstrate that with adequate phosphorus nutrition and grazing management, annual
legume content, productivity and seed yields can be sufficiently maintained. An

adequate legume content will contribute approximately 20 kg N.t

of legume dry

matter to the soil (Peoples ef a/. 1998).
2.4.3 Herbicides

The use of herbicides to control weeds in a perennial pasture can be difficult
due to pasture diversity. The very nature of the pasture ecosystem precludes or
severely limits the number of herbicide options available. Difficulties range from
mortality of desirable components to reduced productivity or reproductive ability (Dear
and England, 1987). An increase in bare ground can also arise after herbicide
applications and if not rapidly covered by a desirable species, these sites provide
niches for weed establishment.
The most commonly applied herbicides used on Australian pastures are the
phenoxy herbicides (2,4-D and MCPA) that provide broadleaf controi but can damage
pasture legumes. A number of other herbicide groups (diflufenican-based products)
control brassica weeds. To reduce the impact of broadleaf herbicides on the annual
legume component of a pasture, Lodge (2000) suggested sowing the perennial grass
component of a pasture in the first year and the annual species the following year. This
would not only improve perennial establishment and density but also allow a wider
selection of lower cost broadleaf herbicides to be used in the initial year of grass
establishment.
Control of annual grasses such as vulpia can be achieved by autumn
applications of simazine although the effectiveness of the control will vary according to
germination pattern, soil type and soil moisture (Stephenson 1990, Leys et a/. 1991).
Leys and Dowling (1992) commented that herbicide controi of Vulpia spp. is only a
short-term measure and improving the competitiveness of the pasture would have
future benefits.
Herbicide application in spring, when most autumn germinating annuals are
flowering is generally considered to be expensive, harmful to the desirable species and
does not enable adequate recolonisation by desirables. However although seed-set of
annual legumes may be reduced, spray topping pastures for annual weed control can
be a cheap and effective form of reducing weed seed production. Weed seed
sterilisation is achieved by applying low rates of herbicides such as glyphosate and
paraquat during various stages (depending on species) of annual grass seed
development (Dellow and Scott 2002). In some instances, the use of spray-grazing
(combining low doses of herbicide applications with increased stocking rates to remove
weeds), is commonly practiced This practice has been demonstrated to give 100%
control of Paterson's curse in pastures containing subclover and grasses (Piggin 1979).
Minimum damage to the pasture occurs after herbicide application and after one week,
the weed is selectively grazed by the introduced livestock (Pearce 1969, 1970, 1972).
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The problems of herbicide resistance and tolerance should be considered when
selecting a management strategy for pasture weeds. The sulfonyl urea herbicides can
be an alternative to the phenoxy herbicides but there is documented resistance to
some products in this group. In Australia, selective control of either Vulpia bromoides or
V.myuros using a herbicide is hindered by the tolerance these species have developed
to herbicides found in both the aryloxyphenoxypropionates ('fops')

and the

cyclohexanediones ('dims') chemical groups (Dillon and Forcella 7984, Code 1986,
Scott and Blair 1987, Brewster and Spinney 1989). The topography of the target area
(particularly if on steep slopes), may prevent any form of herbicide application due to
inaccessibility. Thus although herbicide renovation of pastures may be a more costeffective option than re-sowing eg on current prices MCPAlsimazinelparaquat mix @
$25/ha vs. resowing @$200/ha (Vere et a/. 1997), an integrated approach to weed
management will provide the best form of long-term weed control (Dowling and Milne
1999).
2.4.4 Defoliation
Defoliation of pastures will influence botanical composition over both the long
and short terms. Its impact may depend on phenological development, seasonal timing
and severity (Harris, 1972, Harris, 1974, Bell and Ritchie 1989, Bullock et a/. 1994,
Kemp 1996, Dowiing et a/. 1996) or degree of selectivity by stock (Grant et a/. 1984,
Peart 1989, Silvertown et a/. 1992, Brown and Stuth 1994, O'Connor 1994). Botanical
changes arising from preferential grazing can be attributed to a combination of both
severe and frequent defoliation of the desirable species. Some species less sensitive
to defoliation on the individual level, can decline due to frequent and preferential
selection while others, more sensitive to defoliation but less prone to herbivore
selectivity can expand spatially.
Defoliation by grazing or forage conservation techniques has the potential to
influence future botanical composition by causing a reduction of seed rain (or quantity
of seed returned to the soil) shed by undesirables (Smith ef a/. 1996). However, in
some instances, the use of defoliation frequency alone, or in association with strong
pasture competitors or nitrogen fertility, does not seem to provide adequate control of
pasture weeds. Established broad-leaved dock cannot be adequately controlled by the
strong competition of perennial grass swards in central Europe even with variation of
cutting frequency and fertiliser addition (Niggli et a/. 1993). Nevertheless, the
usefulness of strategically timed defoliations as a method of weed seed reduction
should be further investigated for the numerous annual species found in temperate
pastures of southern Australia as these species rely heavily on spring seed production
for future survival.
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Defoliation by grazing

Defoliation by livestock can be a critical factor to consider in the invasibility of
grasslands by desirable or undesirable species. Silvertown et a/. (1994) found that
although there were initial differences in the invasion abilities of grasses, grazing had a
significant effect on their rates of invasion. Grazing can affect the establishment,
survival and reproduction of pasture species. The establishment of an annual
grassland dicot such as Geranium dissecturn (cutleaf cranesbiil) can benefit from
heavy pasture grazing prior to emergence but a continuation of this level of grazing wiH
also reduce the dicot's future survival (Silvertown et a/. 1992). Defoliation by livestock
can play a similar role in weed control. Although grazing is selective (on average only
10% of the same sward is defoliated on any one day, Parsons et a/. 1991), the use of
high stocking pressures at certain times of the year can reduce weeds such as
Paterson's curse (Pearce 1972, Piggin 1979). Silvertown and Smith (1989) concluded
that control of Cirsium wlgare (spear thistle) by grazing management was dependent
upon reducing suitable sites for spring establishment. Future outbreaks could also be
expected if the sward was overgrazed. Weed management using other animals such
as goats has also been successfully demonstrated (Campbell and Holst 1987). Grazing
animals may influence plant survival and expansion simply because the animats avoid
eating certain species. Unpalatable grasses such as Aristida biparfia (wire grass) are
favoured in grazed pastures because their high levels of seed production and seedling
recruitment can be maintained due to minimal direct interference from grazing
(O'Connor 1994).
The adaptation of plants to severe defoliation (maintenance of large proportions
of below ground meristematic tissue and prostrate growth habit) will have implications
for the grazing management of a pasture (Belsky 1986a). Studies of natural grasslands
have shown that grazing and associated trampling can cause higher plant mortality and
increase species richness by accelerating seed bank activity and availability of invasion
sites (Ward and Jennings 1990a and 1990b, Smith and Rushton 1994). Exclusion of
stock can reduce species richness. This will depend upon the effects the cessation of
grazing has upon potential competitors and if It restricts or encourages them (Welch
and Rawes 1964, Rawes 1981). In southern NSW, exclusion of stock from
phalarislsubclover pastures in spring favours grass dominance (Virgona et a/. 2000).
Selectivity of grazing is such that plants growing in close proximity may become
defoliated at different times. This potentially places the defoliated species in the
pasture at a competitive disadvantage. It may thus increase some undesirable species
when competition from the more desirable species is reduced due to their preferential
removal (Smyth et a/. 1997). The impact of grazing on botanical composition and the
recruitment processes that drive botanical change requires long-term experiments and

is outside the scope of short-term experimental investigations (Kemp et a/. 2000). it
also requires an increase in the level of management input to allow maximum impact
on composition. The effect of grazing may be improved when used in conjunction with
other weed control methods such as sown species selection, fertiliser input, herbicide
application or mechanical defoliation.
Defoliation by mechanical cutting
Mechanical defoliation provides an opportunity for land managers to conserve
forage during high production periods. Feeding this silage or hay during times of low
dry matter production helps to balance out the feed production curve. Mechanical
defoliation may also be useful in managing weeds in pastures.
Mention has been made of the benefits of early hay making (Orchard 1948) and
silage making (McAuliffe 1953) in the control of Paterson's curse. Visible changes to
perennial pasture composition after spring hay cuts has also been documented in
recent pasture studies conducted between 1993 and 1996 in southern NSW (Virgona
and Bowcher 1998). The spring hay cut changed the botanical composition of the seed
bank by reducing both the annual grass and subclover component. However, the
impact of the herbage removal was confounded to some degree by premature grazing
of the defoliated area. The time of cutting and reintroduction of grazing should be taken
into consideration if defoliation is to be used as a useful tool in a weed management
programme. The phenological stages of the target weed and the desirable species
must be taken into account to maximise the effect of cutting. More information is
required to assess the impact of mechanical defoliation on both the annual and
perennial components of pastures with regard to timing (stage of species phenoiogical
development), the composition of the regrowth and seed production of the annual
species.
Competition from neighbours can also modify a plant's response to defoliation.
Clipping has been shown to reduce yields of pasture species when they are grown
without competition or in mixed swards rather than monocultures (Mueggler 1972, Watt
and Haggar 1980). Defoliation may also influence nutrient uptake. In a pot experiment
conducted t o determine the effect of competing neighbours and defoliation frequency
on nitrogen uptake, Thornton and Millard (1996) concluded that neighbouring plants
reduced nitrogen uptake per plant. It was also noted that nitrogen uptake was
increased in plants surrounded by more frequently clipped neighbours and in swards of
perennial ryegrass and Festuca rubra (red fescue) the proportion of nitrogen uptake of
the total mixture by perennial ryegrass was unaffected by the clipping frequency of
either grass.
Changes in pasture composition due to the mechanical removal of pasture dry
matter in association with grazing or fertiliser practices have not been well documented
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in Australian pasture systems. In general grazing by nature imposes a selectivity on the
pasture that mechanicai harvesting does not, and this will have implications for
botanical composition. As many farming enterprises would be able to utilise conserved
forage directly on farm or through sale of product, the benefits and opportunities of
mechanicai defoliation should be more thoroughly explored with respect to weed
management in the pasture phase. However, the success of this weed management
technique relies on an adequate understanding of the phenological development of the
pasture components before and after mechanical defoliation. At present, it must be
said that this information about phenologicai development is lacking with respect to
temperate pasture systems of southern Australia.
2.5 Conclusions

As pasture composition is so diverse, weed management can be difficult to
achieve but its long-term success relies on using a number of integrated strategies.
The choice of techniques will vary with situation but a successful weed management
plan primarily relies on, i) identifying the species present, ii) understanding their
population dynamics, and, iii) determining the effects of the selected weed
management tools on population dynamics.
For a pasture to be accurately characterised, it is essential to identify the
desirable and undesirable components present and if possible, determine the species
in the soil seed bank. There is a distinct lack of local data on botanical composition of
pastures in southern NSW and in particular, the composition of the seed bank. It would
appear that annual species dominate the pastures in this region. However, a survey of
pasture botanical composition and the soil seed bank is required to more accurately
assess the present and provide a future guide to composition of pastures in southern
NSW as well as providing a means of assessing realistic levels of annual seed present.

A regional pasture survey would also aid in assessing the extent to which temperate
perennial pasture species are sown, the types of species chosen and the level of
weeds in these potentially weed competitive ecosystems.
Chapter 3 documents a survey of species in both the above ground vegetation
and germinable seed bank of pastures in southern NSW during spring. Although sown
perennial pasture species can be utilised as a weed management tool, the various
perennials can also be a major source of variation in competition on the weeds. This
will in turn affect the population dynamics of the target weeds themselves (particularly
their ability to produce seed for future germinations). Chapter 4 and 5 investigate the
effects of changing perennial diversity and species selection on resource capture by
pasture components and the population dynamics of annual species introduced as
seed into a mature perennial sward.

Species selection plays a key role in minimising the ingress of weeds into a
pasture but the subsequent pasture management will also impact on future botanical
composition. Weed management options in pastures however, can be either limited or
are being continuously updated (herbicides). Cheap or alternative forms of weed
control such as forage conservation have not been investigated in this system with
respect to weeds and population dynamics. Therefore experimental Chapters 6 and 7
describe the effects of a series of strategic spring defoliations on the population
dynamics of the various annual and perennial components found in a temperate
perennial pasture.
By improving our understanding of population dynamics in sown perennial

pasture ecosystems, management strategies can be selected, integrated and
manipulated to maximise their impact on the undesirable components.

Chapter 3.
A pasture survey o f southern New South Wales: botanical composition and
germinable seed bank.
3.1 Summary

A regional pasture survey was undertaken along two transects during spring in
southern NSW. Fifty-three paddocks were surveyed. The survey aimed to determine
the major weeds present in these pasture systems and the levels of improved perennial
species. The composition of the germinable seed bank was also recorded to determine
population potential of the pastures.
The pastures were dominated by annual species, particularly annual grasses
such as Vulpia spp. and annual ryegrass. Broad and narrow leaf species contributed
less than 20% to botanical composition at 85% of surveyed sites. Sown perennial
grasses or legumes occurred at 25% of sites. The contribution of sown perennial
grasses to botanical composition was low. The southern transect had 84% of sites with
less than 10% sown perennial grass and the northern transect had 93%. Similar levels
were recorded for perennial legume content with 82% and 88% of sites for the northern
and southern transects respectively. Subclover was found at all sites but a desirable
level (less than 40% composition) was found at only 12% of southern transect sites and
36% of northern sites. Only four commercially available subclover cultivars were
identified during the survey, with the 1950s released, Woogenellup, found at 36% of
sites. Soil P levels were generally low with 89% of pasture sites with values less than
16 pg.g.' (Oisen P) and 43% below 5 pg.g-' (Olsen P).
Annual grasses dominated the seed bank composition (50% of the germinated
species identified) but there was an appreciable level (39% of species identified) of
undesirable broad or narrow leaf species. This could indicate a future weed problem if
conditions were favourable for germination, emergence and establishment for these
species. It was concluded that the above ground and seed bank composition in
southern NSW pasture systems is dominated by annual species, and the contribution
of sown perennial species or recently released commercial subclover cultivars is
relatively minor. The low soil fertility and lack of perennial species may be a direct
result of poor adoption by growers, a low investment in pasture improvement and/or
high rates of pasture degeneration due to environmental or management factors.

3.2 Introduction

Pasture ecosystems are very diverse and complex. They can be categorised on
the basis of the desirable components as nominally annual, perennial or
annuallperennial pastures. An ecologically sustainable and stable temperate, pasture
system may consist of both desirable and undesirable grass, broadleaf and legume
species. A key aspect in devising weed management strategies that are regionally
applicable is to characterise the diversity and abundance of both the desirable and
undesirable species. While defining a weed in a pasture system can be problematic,
the presence of undesirable species in a pasture system is inescapable.
For the most part a weed in a pasture system can be def~nedas a species that
either competes with sown or desirable species andlor is of low forage quality andlor is
injurious to stock (Michael 1970). Most pasture weeds, particularly at early stages of
growth, have some forage value or beneficial effect on livestock production. However,
in a pasturelcrop system a broader definition is required and this can be expanded to
those species that are not beneficial to a sustainable production system. For example
annuai ryegrass is a highly valued grazing species, but a weed in a cropping phase,
and highly oestrogenic cultivars of subclover are undesirable for livestock production
because they lower ewe fertility.
Weed management in a pasture therefore aims to optimise the desired
ecosystem rather than achieve absolute weed control (Kemp 1996). A change in
composition can only occur when conditions favour one species over another. The
introduction of improved pasture species can help alleviate weed burdens (Lang 1979)
and also reduce land degradation, contribute to higher soil fertility, and increase
pasture productivity.
Many alternative annual and perennial pasture species are available for use in
both the permanent and annual cropping zones of temperate Australia. The annual
legume subclover has been used since the 1950s in southern Australia (Moore $970).
Deep rooted, perennial species such as the grasses phalaris and cocksfoot or the
leguminous lucerne were also introduced into southern agricultural systems. In a mixed
grassllegume pasture (annual, perennial or annual/perennial) a legume content of 4060% in a grazing situation would provide adequate protein and energy for livestock

(FitzGerald 1979). However, circumstantial evidence suggests that annual, grass
weeds (Vulpia spp., annual ryegrass, soft brome and barley grass) and broadleaf
weeds (Paterson's curse, Polygonurn aviculare (wire weed) and capeweed) dominate
the pasture systems in the cropping and marginal cropping zones of southern NSW.
This region is suitable for temperate perennial pasture establishment and, depending

on rainfall and aspect, these perennials can be used as permanent pasture or within a
cropping rotation.
Archer (1995) stressed the importance of gaining a

comprehensive

understanding of the extent and condition of pastures in Australia. This information can
in turn be used to develop weed management strategies that are relevant to the weed
species and the pasture types (annual, perennial or annuallperennial) that are present.
Pasture surveys have been conducted in the higher rainfall districts of western
Victoria (Quigley et a/. 1990, Quigley et a/. 1993), New South Wales Central Slopes
and Tablelands (Kemp and Dowling 1991, Garden ef a/. 2001), Southern Tablelands of
NSW (Munnich et a/. 1991) and southern Victoria (Ward and Quigley 1992). Surveys
made less recently in pastures of the annual cropping zone (Reeves and Hirth 1982,
Carter et a/. 1982, Arnold 1985), have documented a low level of pasture legume
species (a large proportion of paddocks with less than 20% legume) and a high
incidence of annual grasses. Surveys conducted in NSW and Victoria have focused on
weeds found in the cropping phase (Wells and Lyons 1979, Velthuis and Amor 1982,
Taylor and Lill 1986, Lemerfe et al. 1996). However, it is unlikely that these surveys are
relevant to the condition of pastures because of the highly disturbed (herbicide and
cultivation) nature of the crops when surveyed.
Knowledge of seed bank composition may facilitate a more complete
understanding of pasture composition but none of the above surveys extended to an
examination of the seed bank. Predicting the regeneration potential of the seed bank is
also an important aspect of developing management strategies for a more sustainable
and desirable pasture composition (Mcivor and Gardener 1995). However, in northern
hemisphere surveys of permanent pasture systems, there appeared to be a weak
correlation between the species composition of the seed bank and that of the
associated vegetation (Thompson and Grime 1979, Williams 1984, Looney and Gibson
1995). On the other hand strong correlations were found in pastures containing species
that produce large quantities of seed with low seed dormancy (O'Connor and Pickett
1992, Tsuyuzaki and Kanda 1996, Dessaint ef a/. 1997). It could be hypothesised that
in short-term and degraded pastures there may be strong correlations between pasture
composition and the seed bank due to the high incidence of annual species.
The pasture survey described here was undertaken in southern NSW during
spring 1996. It was conducted to establish what the major, regionally relevant weeds
were, what perennial pasture species were present, and if the weeds in the perennial
pasture systems differed from those present in the annual systems. The seed bank of
each of the surveyed pastures was measured to provided information on the potential

weed problems and a basis for future studies on competition between annual weeds
and perennial pastures.
3.3 Materials and Methods

Selection of Pastures
Pastures in southern NSW were sampled for botanical composition between
October 17 and November 5, 1996. Fifty-three roadside pasture paddocks were
chosen at 10 km intervals (alternating between left and right sides of the road) along
two 250 km parallel transects which ran from Barellan to Adjungbilly (northern transect
34" 16' 7.8"S, 146" 30' 22.2"E to 35" 04' 24.Z9'S, 148" 23; 15.6"E) and from Morundah
to Tumbarumba (southern transect 34" 56' 49.IuS, 146" 19; 49.3"E to 35" 50' 27.9"S,
148" 05' 17.5"E). The two transects followed a West to East rainfall gradient of
approximately 400 to 1000 mm rainfall per annum (Figure 3.1).

Figure 3.1 Location of pasture survey transects in southern NSW (horizontal lines represent the
'northern' and 'southern' transects and rainfall isohyets (mm) are as indicated).
Sampling of sites for botanical composition and soil chemical characteristics
The location of each pasture site was recorded using a hand held Global
Positioning System (GPS). The area was sampled at each site for botanical
composition on two transects, 100 m (N-S) x 100 m (E-W). The paddock transects
began fifty metres from the nearest fence and the area was selected to avoid trees,

sheep camps or other unusual features in the paddock. A modified rod-point method
(Little and Frensham 1993) was used to assess botanical composition of the pastures
by making measurements at two randomly selected points every 5 m along each
transect. The rod consisted of two 50 cm pieces of steel welded in the middle to form a
cross with the ends sharpened. Metal legs (4 cm high) were attached to each arm of
the cross. The point-quadrat was then placed on the pasture and the vegetation closest
to the four elevated points was recorded. The height of the quadrat was chosen to
reduce bias from taller growing species (Kemp and Dowling 1991). Three hundred and
twenty points per paddock were recorded to determine botanical composition. Soil
samples were taken every 10 m along both transects to a depth of 10 cm with a 2.5 cm
diameter hand soii corer. These samples were combined, air dried (25"C), sieved and
analysed for total %N (by LECO), pH (in CaCi2), Oisen P and exchangeable cations
(BaCI2/NH4CIwith a flame Atomic Absorption Spectrophotometer).
Sampling sites for germinable seed bank
After the first autumn rains between March 10 and 14, 1997, the pasture survey
sites were re-visited. Twenty (5.2 cm diameter x 5 cm depth) soil cores per site were
collected for the seed bank study (0.04 m2 per site). The area from which the cores
were removed at each site was within the 1 ha area surveyed for botanical
composition. Cores were taken at 10 m Intervals along two transects (100 m N-S and
100 m E-W). The depth of soil extracted was consistent with that of previous studies by
Mclvor (1987) and O'Connor and Pickett, (1992). There were two replicates per site
(ten cores per replicate). Six of the 53 sites could not be assessed for germinabie seed
bank as they had been cultivated, thus causing major seed bank disturbance.
The ten soil cores used in each replicate were mixed thoroughly and a 2 c m
layer of soii was then placed in seedling trays lined with a 0.5 cm deep sand layer
placed upon 1 cm of vermiculite to aid moisture conservation (Mcivor 1987). The trays
of soil were kept under glasshouse conditions at the Wagga Wagga Agricultural
Institute, NSW. Air temperatures during this period ranged between 10 and 2Z°C. The
trays were placed on benches and the replicates located on opposite sides of the
glasshouse. The trays were randomly distributed in each replicate. The soil samples
were watered regularly with a fine spray nozzle.
Emerging seedlings were counted and carefully removed as soon as they could
be identified. Once the initial flush of seedlings had subsided, the remaining seedlings
were removed and counted on September 29, 1997 and the soils kept dry for a period
of time to stimulate further germinations. The soils were re-mixed and placed back in
the trays for further watering and drying cycles during springlsummerlautumn (wet
October 28 to December 24, 1997; wet January 30 to April 6, 1998) and the following

autumnlwinter/spring periods (wet May 11 to September 18, 1998). Any emerging
seedlings that were not readily identifiable were counted, removed and representatives
potted out for subsequent identification. Subclover cultivars found in the seed banks
were identified according to their leaf markings on May 26, 1997.
Analysis of Data

The frequency of each species found at the pasture sites during spring and in
the germinable seed bank was calculated as a proportion of the total composition. The
data presented describe the state of regional pasture composition, and are not used for
statistical comparative purposes between transects or paddocks.
3.4 Results

Soil and predicted climatic data

Details of soil properties are in Appendix 1. Total soil nitrogen increased from
West to East along both transects (Figure 3.2). Olsen P values ranged between 0 and
32 pgPlg soil and 89% of sites contained less than 16 pg Plg soil (Figure 3.2). The
median pH value (CaCI2; 13-10crn soil depth) was 4.62 (range 4.11 to 5.85).

.

.. ... .

tSouthern

146

146.5

147

147.5

148

148.5

Longitude
Figure 3.2 Total soil nitrogen and Olsen P (0-lOcm depth) for sumeyed sites. The
thickened line at 16 yg Plg soil represents the critical level for production of annual legumes
(Helyar and Spencer 1977, Gourley 1987).

The latitude, longitude and elevations (GPS derived) were entered into a
climate prediction model, ESOCLIM (Hutchinson 1989) and rainfall and temperature
data were generated for each surveyed pasture site (Appendix 2). According to this
model, the expected total annual rainfall per site ranged from 432 and 762 mm across
the northern transect, and between 428 and 1037 mm in the south. Higher than
average monthly rainfall occurred during the seasons in the south between latitudes
147 and 148.5 "E (Table 3.1). The predicted average maximum and minimum seasonal
temperatures in the southern longitudes between 147.5 and 148.5 "E were slightly
lower than the corresponding northern latitudes.
Table 3.1 Predicted average monthly seasonal rainfall and temperature across the transects
Northern transect longitude ("E)
Season

146146.5

146.5
-147

147147.5

147.5
-148

148148.5

Southern transect lonflit~de(OE)

146146.5

Average Total rainfall (mm)

146.5147

147147.5

147.5148

148148.5

Average Total rainfall (mm)

Summer

106

115

129

138

95

103

126

162

163

Autumn

118

129

143

154

111

119

152

204

225

Winter

123

145

169

190

121

139

197

283

318

Spring

114

133

152

162

109

122

167

232

269

Total

461

522

593

644

436

483

642

881

995

Average minimum temp ("C)

Average

minimum temp ("C)

Summer

16.5

15.3

14.3

14.1

16.5

15.7

13.9

12.3

11.6

Autumn

10.1

9.0

8.2

8.1

10.2

9.5

7.7

6.6

6.4

Winter

3.6

2.9

2.4

2.3

3.8

3.4

2.2

1.3

0.9

Spring

9.0

7.9

7.2

7.1

8.9

8.3

6.9

6.0

5.5

Average maximum temp

("C)

Average maximum lemp ("C)

Summer

31.4

30.9

30.3

29.7

31.3

31.0

30.4

26.2

26.2

Autumn

23.5

22.8

22.3

22.0

23.2

22.8

22.0

20.4

19.1

Winter

14.9

13.9

13.4

13.5

14.7

14.2

12.9

11.8

11.1

Spring

23.1

22.2

21.4

21.3

22.7

22.2

21.2

19.5

16.2

Spring botanical composition from pasture sites

There were 110 species identified during the survey and the average number of
species found at each site on the northern transect was 14 (range 7 to 23) and 13
(range 6 to 29) on the southern transect. Seventy-seven percent of ail sites had
between 6 and 15 species present.
The species recorded during the survey belonged to 27 families (Appendix 3).
Poaceae was the dominant family in the survey (46% of northern transect species;
60% of species in the south), followed by Fabaceae (45% north; 28% south), and

Asteraceae (5% north; 5% south). Perennial species comprised 13% of all species
found in the north and 24% in the south. Annual species dominated the pasture in the
region (87% north and 75% south). Less than 1% of the species recorded were
unidentified during the survey. In terms of broad functional groups, the species were
allocated to either, i) grasses (subgroups: annual or perennial), ii) broadleaf and other
narrowleaf weeds (excluding grasses), or iii) legumes (subgroups: annual or perennial).
Sown legumes and perennia[ grasses were also identified as subgroups. All paddocks
had annual grasses, broadleaf or narrow leaf species (other than grasses, for example
rushes) and annual legumes (Table 3.2).
Table 3.2 Occurrence (presence) of functional species groups in surveyed paddocks (%)

Functional species group
Grasses
Annual grasses
Sown perennial grass
Other perennial grass
Broad and other narrow leaf weeds
Legumes
Subclover
Naturalised clovers
Medics
Sown perennial legume

Paddocks surveyed (%)
Survev transect
Northern
Southern
100

100

14
25

36
52

100

100

100
100

100
80

25
25

12
24

Annual grasses dominated the botanical composition of the surveyed pastures
(Table 3.3). Broadleaf weeds, perennial grasses and perennial legumes were less
prevalent in the surveyed sites and 20% of pastures had greater than 40% subclover
content. Fifty-four percent of the perennial, grass pastures that were surveyed
contained less than 15% improved species. Cocksfoot and phalaris each contributed
between 45 and 50% botanical composition at one of the nine southern, perennial
grass sites. There was a corresponding contribution to composition by phalaris at two
of the four paddocks in the north. Of the sites where perennial legumes were present,
half of these had a lucerne component of between 20 and 35% composition. On the
southern transect, lucerne where present did not contribute above 5%. Average
botanical compositions for the pastures surveyed and for those sites sown with a
perennial grass or legume are presented in Table 3.4.
Broadleaf and narrow leaf weeds were present at similar levels in all pasture
types (Table 3.4). Annual grasses were lower with the addition of a perennial grass or
legume. Total legume content was greater at sites sown to a perennial legume. Both
the annual only sites and those sown to a perennial grass had similar quantities of

legume present. Across the northern transect, 39% of pastures had greater than 10%
of naturalised clovers and medics, whereas in the south only 12% of sites had greater
than 10% naturalised clovers and medics (Table 3.3).
Table 3.3 Botanical composition (frequency %) distribution of major functional species groups
and selected annual species in spring.
Paddocks surveyed (%)
Survey transect

Northern
Botanical composition (%)
Functional species group or
species

Southern

Botanical composition

0

>O10

>1020

22040

240

0

C10

>lo20

>2040

240

0
18
10
86
75
0

7
36
30
7
25
64

14
25
14
0
0
18

32
21
32
0
0
18

47
0
14
7
0
0

0
8
16
64
48
40

0
40
28
16
28
28

16
24
16
0
8
20

40
20
24
8
12
4

44
8
16
8
4

0
0

29
61

7
21

28
14

36
4

16
0

20
68

28
8

24
0

12
4

75

7

14

0

4

76

12

8

0

4

Grasses

Annual grass
Vulpia
Annual ryegrass
Sown perennial grass
Other perennial grass
Broad or narrowleaf weeds
Legumes
Subclover
Naturalised clovers and

8

medics
Sown perennial legume

Although collectively, annual legumes and annual grasses were found in all the
pastures, subclover was the only species present at all the sites surveyed (Table 3.5).
Annual ryegrass and vulpia were the next most prevalent species (95 and 87% of total
sites surveyed respectively). There were only three other species recorded at more
than half of the surveyed paddocks (Trifolium glomeratum (cluster clover), 62%; barley
grass and soft brome, 54%). No broadleaf weed was found to be present at greater
than 50% of the sampled sites (Oxalis spp. (oxalis), 49%).
Distribution of species accordincl to site locality
Some species predominantly occurred in the higher rainfall regions (data not
presented) of the survey area andlor increased their contribution to pasture
composition. For example Yorkshire fog grass and cocksfoot were more often recorded
in the south and sofl brome in the north. The frequency of species occurrence across
sites on the two transects also varied (Table 3.5). Total legume content of pastures
was higher in the north (45%) than the south (29%). There was a greater incidence of
subclover, naturalised clovers, particularly cluster, Trifolium antense (hare's foot), T.
campestre (hop) and T. sfriaturn (knotted), and medics in northern sites.

Table 3.4 Botanical composition of survey paddocks (major functional species groups and
species) averaged across all sites and across pasture classes.
Functional species group or
species

Botanical composition (%)
Survey transect
Survey transect
Northern
Southern
Northern
Southern
Across all siles

Perennial legume pasture

Grasses
Annual grass
Sown perennial grass
Other perennial grass
Broad or narrow leaf weeds
Legumes
Subclover
Naturalised clovers and
medics
Sown perennial legume

40
4
2
10

44
7
9

27

30

0

9

12

2
11

15
11

30
11

20
5

26
18

1
9

4

4

15

14

Sown perennial grass
pasture

Annual pasfure

Grasses
Annual grass
Sown perennial grass
Other perennial grass
Broad or narrow leaf weeds
Legumes
Subclover
Naturalised clovers and
medics
Perennial legume

25
0.1

35
20
4

47
0
2

52
0
7

4

15

10

13

29

15

32

25

8

3

9

3

0

8

0

0

36

Across t h e northern transect, 57% of sites had greater than 40% total legume
content (with 32% of sites containing greater than 60% legume). The apparent lower
incidence of naturalised clovers along the southern transect was reflected in the
reduced proportion of sites containing the more desirable legume content (only 24% o f
sites had greater than 40% legume content and another 12% had greater than 60%).
Phalaris, cocksfoot and white clover were most prevalent in the south but a greater
incidence of lucerne pastures occurred in the north. All but one of these improved
lucerne stands was situated between longitudes of 147.5 and 148"E. In comparison,
along the southern tansect, lucerne sites were situated further west between longitudes
of 146 and 147'E.

Phalaris
Cocksfoot

Yorkshire fog
windmill grass

Loosestrife

Sorrel
fumitory
Flatweed
Smooth cat's-ear
Jersey cudweed

milk thistle
skeleton weed

saffron thistle

Lythrum hyssopifolia

Acetosella vulgaris
Fumaria spp
Hypochoeris radicata
Hypochoeris glabra
Pseudognaphalium
luteoalbum
Sonchus oleraceus
Chondfla juncea

Carthamus tinctonus

mouse eared

Paterson's curse
Oxalis
Capeweed

Echiumplantagineum
Oxalis spp.
Arctotheca calendula

Broadleaf weeds

Holcus lanatus
Chloris spp.

Other perennial grass

Phalaris aquatica
Dactylis glomerata

Sown perennial grasses

24

4
16

4

11

24

28
20

32
8

16

4

Trifolium repens

white clover

12

21

Sown perennial legumes
Medicago sativa
Lucerne

Functional species group and species
Scientific name
Common name

24

18

16

6

21

l6
10

Species present at % of surveyed
sites
Survey transect
Northern
Southern
All sites

Burr medic
Spotted medic

Medicago polymorpha
Medicago arabica

Vulpia spp.

Vulpia

Annual rye grass
Barley grass
Wild oats
Blow fly grass
Great brome
Soft brome

Narrow leaf weeds

Loliurn rigidum
Hordeum glaucum
Avena spp.
Briza minor
Bmrnus diandrus
Bromus mollis

Annual grasses

Woolly clover
Barrel medic

Nodding clover

Trifolium cernuum
Jrifolium tomentosum
Medlicago fruncatula

Knotted clover
Suckling clover

Hop clover

Trifolium campestre
Trifolium striaturn
Trifollium dubium

Cluster clover
Hare's foot clover

Trifolium subterraneum
Trifolium glomeratum
Trifolium arvense

Subclover

Annual legumes

Functional species group and species
Scientific name
Common name

Table 3.5 Percentage (%) of sites at which major pasture species were recorded in the spring pasture composition.

52
92

57

82

87

54

6

11

16

39

54

95

6

100

12

100
40
32

4

100

0
7

46

68

90

8

100

Species present at %of surveyed
sites
Survey transect
Northern
Southern
All sites

Composition o f germinable seed bank from pasture sites
Seventy-seven species were identified in the germinable seed banks. These
species belonged to 25 Families (Appendix 3). The majority of species were members
of the Poaceae family (58% north; 48% south), followed by the Fabaceae (9% north;
5% south), the small seeded Juncaceae (10% north; 22% south), Caryophyllaceae
(11% north; 5% south) and Crassulaceae (6% north; 8% south). There were 11 species
recorded which were not identified in the spring survey. Conversely twenty-seven
species found in the spring survey were not found in the seed bank (these species
were presumably dormant andlor sown perennial species). Sixty percent of sites had
21 to 30 species present in the seed bank and a further 36% had 11 to 20 species
(range 13 to 32 on the northern transect and 6 to 29 species on the southern transect).
Total germinated seed numbers in the surveyed paddocks ranged from 3 966 to 127
120 m". Annual grasses were the dominant species group found in the germinable
seed bank (98% of all species in the north and 91% in the south). All paddocks
contained annual grasses and broadleaf weeds with subclover and naturalised clovers
being present on > 95% of sites (Table 3.6). Vulpia spp. was the most common of the
annual grasses in the seed bank with levels of greater than 15 000 m" in 38% of
northern transect sites and 30% of southern transect sites (Table 3.7). Narrow leaf
weed species were more prevalent in the seed banks of the southern transect with
26% of surveyed sites containing levels of greater than 15 000 m-2 compared to only
4% of northern transect paddocks. Legumes (annual and perennial) and perennial
grasses all contributed less than 10% to total seed bank composition on both transects.
Table 3.6 Occurrence of selected functional species groups in the seed bank of surveyed
paddocks (%).
Functional species group or
species

Northern

Paddocks surveyed (%)
Survey transect

Southern

Grasses

Annual grass
Sown perennial grass
Other perennial grass

17

100
22
39

Broad or narrow leaf weed
Legumes

100

100

Subclover
Naturalised clovers
Medics

100
88
33

96
100
22
22

Sown perennial legume

100
17

4

Table 3.7 Composition (frequency %) distribution of major functional species groups and
selected annual species in the seed bank.
Paddocks surveyed (%)
Survey transecl

Functional species group
or species
Grasses
Annual grasses

Vulpia
Annual ryegrass
Sown perennial grass
Other perennial grass
Broadleaf
Narrow leaf
Legumes
Subclover
Naturaiised clovers
and medics
Perennial legume

Northern

Southern

Composition (seedslm2)

Composition (seedslm2)

;r$

,Go

>I000
-5000

.500015000

>1500O30000

,30000

1000

29
13
0
0
0
8
0

4
22
26
78
52
0
22

9
13
35
18
26
35
13

26
35
26
0
9
30
39

35
22
13
26
22

26
8
0
0
9
9
4

>15000.
30000

r30000

38
25
13
0
0
8
4

c

I
17
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0

0
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The seed bank composition from the various pasture classes (annual only, sown
perennial grass or legume) is listed in Table 3.8. Annual pastures on the northern
transect and perennial legume pastures on the southern transect had lower germinable
seed banks of broad and narrow leaf weeds. Annual pastures in the north atso had
larger seed banks of annual grasses. Subclover was present in the majority of seed
banks but there were also other species that germinated in a great proportion of the
collected soils (Table 3.9). There were ten broadleaf species and six annual grasses
found in greater than 50% of the seed banks. The small seeded, narrow leaf weed,
toad rush contributed a great number of seeds to the seed banks in the south and was
present in 94% of all seed banks. The major contributors to the annual grass seed
bank were vuipia and annual ryegrass (present at 98% and 92% of sites, respectively).

Table 3.8 The germinable seed bank composition (major functional species groups and species)
of the surveyed paddocks across all sites and across pasture classes.
Functional specles group o r
species

Seed bank composition (%)
Survey transect
Survey transect
Northern
Southern
Northern
Southern
Across all slfes

Perennial legume pasture

Grasses
Annual grass
Sown perennial grass
Other perennial grass
Broad or narrow leaf weeds
Legumes
Subclover
Naturalised clovers and
medics
Perennial legume

51.7
0.2
0.2

38.5
1.4
5.9

34.7
0.0
0O:

32.6
5.3
17.4

35.4

42.9

49.5

22.2

9.2
3.2

4.7
3.5

10
5.9

5.8
4.8

0.1

3.1

0.0

11.9

Sown perennialgrass paslum

Annual pasture

Grasses
Annual grass
Sown perennial grass
Other perennial grass
Broad or narrow leaf weeds
Legumes
Subclover
Naturalised clovers and
medics
Perennial legume

42.2
1.4
0.6

32.1
4.1
2.8

60.3
0
0.0

43.1
0.0
2.5

48.7

43.2

27.2

48.0

6.8
0.3

5.6
3.4

9.4
2.7

3.8
2.6

0.0

8.8

0.3

0.0

Phalaris

Echiumplantagineum
Wahlenbergia communis
Heliotrapium eumpaeum
Aphanes arvensls
Hypericum gramineum
Polygonom aviculare

Sonchus oleraceus
Arctotheca calendula
Lythrum hyssopifolia
Cerastium glomeratum

Acetosella vulgaris
Furnaria spp.
Hypochoeris radicata
Hypochoeris glabra

milk thistle
Capeweed
Loosestrife
mouse-eared
chickweed
Paterson's curse
Bluebell
Heliotrope
parsley piert
small wort
wire weed

Australian
stonecrop
Sorrel
Fumitory
Flatweed
smooth cat'sear

Japanese cudweed
Jersey cudweed

Yorkshire fo
Broadleaf weeds

Gnaphalium sphaericum
Pseudognaphalium
luteoalbum
Cmssula sieberana

Holcus lanatus

Cocksfoot
Dactvlisglomerata
~rifojium-repens
white clover
Other erennial rass

Phalaris aquatica

Scientific name
Common name
Sown perennial

Functional species group and species

13
79

17

25
33
29

54
92

42

21

46
33
58
13

96

42

8
0

13
9
17
30
39
39

17
61
78
78

61
13

4

57

74

17

17
9

31.5
21
23
23.5
26
59

19
51.5
66
85

'

51.5
18.5
59.5

85

21.5
29.5

12.5
4.5
215

Species present at % of surveyed
sites
Survey transect
Northem Southem
All sites

Cluster clover
Hare's foot clover
Hop clover
Knotted clover
Suckling clover
Nodding clover
Woolly clover
Barrel medic

Trifolium glomeratum
Trifolium arvense
Trifolium campestre
Trifolium striatum
Trifolium dubium
Trifoium cemuum
Trifolium tomentosum
Medicago truncatula

88
13

Toadrush
Onion weed

Juncus bufonius
Romulea rosea

88
21
79
58
8
13
88
17
75
71
100

Annual rye grass
Shivery hair grass
Barley grass
Wild oats
Blow fly grass

25
11

4

4

88

100

100
30

94
21.5

8.5
87.5
10.5
76.5
70.5
98

4

87
4
78
70
96

92
19
59
48.5
12.5

19
7.5

4

2

98
89.5

96
17
39
39
17

4

13

4

0

96
91

Species present at % of surveyed
sites
Survey transect
Southem
All sites
Northern

Blow fly grass
Black grass
Eragrostis cilianensis
Great brome
Bromus diandrus
Winter grass
Poa annua
Bromus mollis
Soit brome
Vulpia spp.
Vulpia
Narrow leaf weed

Brila minor

Lolium rigidum
Aira cupaniana
Hordeum glaucum
Avena spp.
Briza major

Medicago polymorpha
Burr medic
Medicago arabica
Spotted medic
Annual grasses

Subclover

Scientific name
Common name
Annual legumes

Functional species group and species

Trifolium subterraneum

Table 3.9 Proportion of sites at which species were recorded in the pasture seed bank

The subclover cultivars were identified qualitatively and listed in Table 3.10. The
cultivars Woogenellup and Mt Barker, introduced in 1959 and 1935 respectively, were
the most commonly occurring cultivars. Seaton Park, introduced in 1967, was the only
other cultivar to be found at greater than 20% of sites surveyed. Mt Barker, and the
local ecotype, Book Book were identified at more southern sites.
Table 3.10 Subclover cultivars in the seed banks of the sumeyed pasture paddocks (current
commercial cultivar availability denoted by *).
Year of release

Subclover cultivar
1980s

Dalkeith

Karridale *
Junee '
1970s

1960s

Trikkala

Nungarin

SeaIon Park '
Dinninup

Daliak
Northam

Cultivar identified at sites surveyed (%)
Northern transect Southern transect
All sites
21

13

4

4
4

4
13
13
25
21
21
13

17
4
4

9
9
9

17
11
23
15
15
11

22
9

22

~eraidlon

4

0

2

1940s

Yarloop

4

0

2

1930s

MI Barker

48
18
4

32
19

Bacchus Marsh

17
21
0

Book Book

8

26

17

Unidentified

21

9

15

Local ecotype

Dwalganup

2

3.5 Discussion

The survey revealed that annual species are the largest contributors to pasture
composition in the region. Annual grasses were dominant in pastures of both low and
high rainfall areas. Given that perennial pasture species will survive and be productive
in this region and can help alleviate a number of problems associated with land
degradation (including soil erosion, salinity and acidity), the survey indicates a need for
targeted management strategies aimed at reducing annual grass dominance in
permanent pastures and controlling herbicide resistant species in annuai pastures.
These observations also support those made by Wilson and Simpson (1993) who
commented that annual grasses are a prominent and permanent part of pastures in the
high rainfall zone. In addition, Vulpia spp, and annual ryegrass were the most prevalent
of the annuai grasses as found in a survey of southern New South Wales cereal crops
(Lemerle et a/. 1996).
The mean proportion (across pasture sites) of total grass, broadleaf and legume
component was 53%, 1 1% and 36% respectively (data not shown). This was similar to
the values obtained 52%, 5% and 42% in an improved pasture survey of central NSW
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conducted by Kemp and Dowling (1991). Annual and sown grasses contributed 36%
and 21%, respectively of the botanical composition across the improved pasture sites
sampled by Kemp and Dowling (1991). These findings are in very close agreement
with the 35% annual grass and 23% sown perennial grass composition determined in
this survey. These similarities occurred despite the much narrower range of climate
covered in the Kemp and Dowling (1991) survey. Although the mean legume content
across the surveyed sites was almost 40%, a higher proportion of legume in the
majority of pastures would provide more nitrogen for future crops and improve animal
production (FitzGerald 1979).
The presence of the annual legume subclover at ail sites (Table 3.2) indicates
the successful adoption of this introduced species and its wide range of adaptation.
However, although subclover was the dominant sown pasture species found along both
transects, the majority of cultivars found were not recently released or still commercially
available (Table 3.10). This is likely to be explained by low levels of investment in
pastures across the region, despite superior persistence and performance of recent
cultivars compared to the older, more prevalent ones. Surveys of pastures in southwest Victoria (Quigley et a/. 1990, Quigley ef a/. 1993) have also revealed a low
incidence of improved cultivars of subclover.
Perennial species comprised a small proportion of the species found (see also
Appendix 3). Adoption of sown perennial pastures in southern NSW, particularly in the
more traditional cropping areas, has thus been relatively low. This is despite the fact
that the region can sustain perennials in a pasture system (Dear 1998). Lucerne was
most prevalent and in a less degraded state (fewer annual weeds) along the northern
transect. The northern lucerne sites received on average an additional 120 mm
precipitation per year (Table 3.1) compared to the lucerne sites found along the
southern transect. The more degraded state of the lucerne pastures along the southern
transect could thus be due to a combination of poor establishment, lower rainfall, and
inadequate grazing management. A pasture survey in southern Victoria undertaken by
Ward and Quigley (1992) also recorded a low level of sown perennial grasses and
clovers, and a dominance by species commonly associated with infertile soils, for
example Hypochoeris spp., Yorkshire fog, Vulpia spp. and soft brome. Generally, the
low incidence of perennial grasses in sown pastures could be a function of poor
management, especially low phosphorus fertiliser, low adoption and poor grazing
management. As perennial pasture grasses such as phalaris do not readily recruit new
seedlings from the seed bank (Hill and Virgona 1995), persistence of this and other
sown perennial grasses depends on maintaining the sown population through
management.
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Even a small change in soil nutrient status can cause a significant botanical
shift (Kirkham

et a/. 1996). To maxirnise competition from desirable, sown pasture

components, adequate nutrient levels must be maintained by regular additions of
fertilizer. However, the soil fertility results would suggest that this is not common
practice. The poor condition of pastures in the region due to the high incidence of
undesirable species may reflect low phosphorus (Figure 3.2) and subsequent reduction
in subclover vigour. It is recommended that productive sown, annual temperate
pastures require an Oisen phosphorus level of at least 16 pg.g" (Helyar and Spencer
1977, Gourley 1987). Phosphorus deficient soils will reduce the shoot and root growth
of plant species that are present. The phosphorus levels in 89% of pasture surface
soils were below this level (43% contained less than 5 1ig.g-I). This would cause
extremely poor pasture performance. The increase in total soil nitrogen levels (Figure
3.2) across the two transects (West to East) may be attributed to the increase in
organic material. This could be direct result of higher precipitation, lower levels of
incorporation due to cultivation and greater nitrogen removal by crops (due to limited
cropping in the more undulating and higher rainfall areas). It would seem unlikely that it
would occur due to an increase in nitrogen via fertilizer addition or legume fixation per
se, as N is not used in the permanent pastures of the high rainfall zone and there was
no trend of legume composition with longitude or across transects.
No single broadleaf weed species was found at more than half of the sites
surveyed even though the diversity of broadleaf weeds in the region is high (56 species
recorded), and this functional group was found in all pastures. In contrast, although the
diversity of annual grasses (16 species) was considerably lower than the broadleaf
weeds, four annual grass species were found at more than half of the sites. This
indicates an exceptional ability to adapt and flourish in a range of environments across
the region. The large numbers of seeds produced by annual grasses is an important
feature for successful invasion and degradation of pastures (Wallace 1998).
The disparity between seed bank and above ground vegetation species may
result from seed dormancy or the sowing of species that do not contribute to the seed.
bank (such as phalaris, lucerne and cocksfoot). However, as the majority of the
surveyed pastures were dominated by low dormancy, annual grasses, assessment of
the seed bank composition could be a useful tool for determining potential weed
problems. As the soil under perennial pasture systems remain relatively undisturbed for
extended periods of time, species that have a high seed dormancy under these
conditions will not be abundant. Therefore, an assessment of the seed bank
composition indicates the presence of a potential broad or narrow Ceaf weed threat
(including wireweed, ioosestrife, flatweed and toadrush) as these species were found
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at relatively shallow soil depths and if conditions were favourable could establish in the
pasture.
This survey has shown that the region's pastures are demonstrating signs of
low investment in pasture improvement and re-establishment programmes (indicated
by the dominance of annual species and low soil fertility). The reasons behind the low
adoption rates of perennial species and use of P fertiliser would include the lack of
understanding by many farmers of the long-term economic and production benefits of
integrating perennial pastures into their existing farming systems. Although perennial
pastures can be successfully incorporated into farming systems in southern NSW, the
high incidence of shallow rooted, annual species in the majority of the pastures would
suggest that these pastures might be susceptible to soil acidity, salinity and erosion. An
increased adoption of deep rooted, sown perennial species would aid in reducing these
degradation problems due to improved water use at depth (Ridley eta/. 1997, Ridley et
a/. 1998, Lolicato 2000). Perennial pastures can also be utilised in an integrated weed

management system. With the onset of herbicide resistance in the farming systems of
southern NSW (Broster et a/. 1998) there is a need to encourage the adoption of
integrated weed management. Some of the suggested strategies in such a program
include sowing competitive perennial pasture species and strategically grazing and
cutting pastures (Kemp 1996). Understanding the impact of various management
techniques on the population dynamics and resource competition of these pasture
ecosystems is important for both successful weed and sown pasture management.
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Chapter 4.
The effect of perennial diversity and species selection o n pasture biomass
production and the population dynamics of annual species i n temperate
perennial pastures.
4.1 Summary

The choice of species and the species diversity in perennial pastures are likely
to influence the ability of weeds to invade pastures. in this study a comparison was
made of the competitive ability of three annual species and three perennial species.
The perennials were planted in the field in all combinations of mono, binary and tertiary
mixtures.
The sown perennial pasture species selected represented the three functional
groups found in pastures, grass, legume and non-legume broadleaf. The perennials
chosen were phalaris cv. Sirosa (a grass), lucerne cv. Genesis (a legume) and chicory
cv. Puna (a broadleaf). The annuals (vulpia, subclover and Paterson's curse) were
sown as seed into the established perennial pasture mixtures. Each of the annual
species sown with the perennial combinations also represented the three basic
functional groups (grass, legume and broadleaf).
Species choice rather than species diversity (including one, two or three
perenniais in the pasture mix) played a significant role in suppression of annual
species. Not all the perennial species or combinations had the same competitive ability
against the annual species. The highest dry matter production occurred in pastures
containing phalaris. The inclusion of phalaris or chicory in the pasture mix reduced
annual species dry matter during spring. These perennials were also effective at
reducing the rosette size, maximum seed production and germinabie seed bank of
Paterson's curse and reduced the germinable seed bank of vulpia.
Although the utilisation of phalaris or chicory in a perennial pasture mix did
improve pasture competitive ability it did not sufficiently reduce seed production of the
annual species. Sowing a competitive perennial pasture to suppress annual weed
species should therefore be used with additional pasture management strategies that
will reduce weed seeds entering the soil seed bank.
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4.2 Introduction

Typically, pastures in southern NSW may contain a large number of species,
ranging between 6 and 26 species (Chapter 3). Given this diversity of species, there is
a wide array of possible competitive interactions between the annual and perennial
components in these pastures. To simplify this, Kemp et a/. (2000) divided pasture
components into functional groups. Hence species could be grouped as desirable or
undesirable narrow leaf species (grasses and rushes) or broadleaf species (including
legumes). In temperate Australia, there are perennial grasses, legumes and other
broadleaf species that can be sown to improve pasture sustainability and productivity.
Competit~veperennial species may also be utilised for weed control. However their
effectiveness for weed management will also depend upon pasture management
(including maintenance of adequate levels of perennial dry matter) and environmental
conditions. The perennial legume lucerne is a poor competitor with vulpia while a
perennial grass such as phalaris sown with the desirable annual legume, subclover,
can be strongly competitive and retard the rate of vulpia invasion (Leys and Dowling et
a/. 1992).

In cropping systems, selection for enhanced competitive ability is being utilised
as part of integrated weed management strategies (Lemerle et al. 2001). In contrast to
crop monocultures, pasture systems provide an extra competitive dimension to the
suppression of weeds. The inherent competitive ability of the sown species can be
enhanced by sowing a diverse range of species. This extra dimension to competition
arises because perennial pasture species can fill various spatio-temporal niches,
depending on the periods of active growth. Hence impact varies with weed species.
Rapid growth of pastures in autumn will suppress germination and recruitment of
nodding thistle (Popay and Kelly 1986). The summer active perennial grass, Consol
lovegrass controlled the germination of Cenchrus spp. (spiny burr grass) in spring and
summer (Johnston 1989b) and reduced the germination of autumn emerging annuals
such as capeweed and annual ryegrass (Johnston 1989a). The suppression of annual
weeds by Consol lovegrass may be due to allelopathy rather than competition for
resources (Johnston 1989a). Nevertheless, increasing the perennial diversity of a
pasture may improve its ability to resist weed invasion.
Research on competitive suppression of weeds by pasture species has largely
been carried out on a species to species basis such as lucerne suppression of skeleton
weed and variegated thistle (Michael 1968, Wells 1969). The aim of this chapter was to
measure this competitive suppression of annual species by perennial pastures and to
test two hypothesis: a) that the suppression of annual species by perennial pastures is
stronger within functionai groups (species selection) and b) that increasing the diversity
of perennial species induces a greater level of suppression. The functional groups
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selected were grass, legume and broadleaf, and a representative perennial and annual
species chosen from of these groups. Three perennial pasture species chosen from
these groups, phalaris, lucerne and chicory were combined with each of three annual
species, vulpia, subclover and Paterson's curse. Subclover, although certainly not
considered a weed in pastures, is a very important component that needs to be
considered in terms of competitive suppression by perennials (Dear 1998). In addition
to the annual treatments the perennial species were planted in all combinations to
examine the effects of perennial diversity on each of the annual species.
4.3 Materials and Methods

Site description and preparation
The field experiment was located at the Agricultural institute, Wagga Wagga,
New South Wales (35" 5' S, 148" 6' E; elevation 219 m; annual rainfall 572 mm) on a
yellow sodosol (lsbeii 1996). The area was previously sprayed with glyphosate for
three consecutive years to control winter germinating weeds. On August 20, 1997 prior
to planting the perennial species in September, the experimental area was sprayed
with glyphosate 600 g/L at 1.6 Llha and the plant residue was then raked off the trial
area on September 10, 1997. The experimental area was not cultivated.
Experimental design and treafrnents

A split-plot design was used with 3 annual species (main plots) and 3 perennial
pasture species (sub-plots) planted in all combinations in 3 replicates. Three annual
species (two weed and one desirable species) representative of the major functional
species groups found in this region, were chosen to simulate emergence of annual
species during the following autumn (1998). The annual species chosen were a grass,
vulpia (predominantly V.bromoides), a broadleaf, Paterson's curse, and a legume,
subclover (cv. Goulburn). Three perennial pasture species were chosen to represent a
grass, phalaris (cv. Sirosa), a broadleaf, chicory (cv. Puna) and a legume, lucerne (cv.
Genesis, which is moderately winter active). The plots were designed so that every
possibie monoculture, binary and tertiary combinations of the perennials could be
planted. Perennial treatments were, phaiaris only (P), lucerne only (L), chicory only (C),
phaiaris and lucerne (PL), phalaris and chicory (PC), lucerne and chicory (LC),
phalaris, lucerne and chicory (PLC). Sub-plots were 1.6 x 1.8 m in size, and separated
by 1.0 m buffers. All sub-plots of perennials and main plots of annuals were randomly
allocated to each replicate. The perennials were sown into the field in August 1997 and
the annual species sown in May 1998 (see Plates 4.la and 4.1 b).

Plate 4.la Experimental area at Wagga Wagga, June 1998.

Plate 4.1 b Experimental area at Wagga Wagga, September 1999.
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Perennial s ~ e c i e s
The perennial species were initially germinated and grown in quick pot seedling
flats (42 uncut cells, dimensions 40 m m x 40 mm x 75 mm). The method used to
establish the perennial species is shown in Table 4.1.
Table 4.1 Perennial pasture establishment.
Date
Perennial pasture establishment
May 5 1997
Seedling flats filled with simple potting mix (ratio sand:peat
was 2:l with addition of 60 g lime, 70 g dolomite, 20 g K2S04,
pH 6.4).
Three perennial seeds sown into each cell of the seedling
flats.
I
Sown flats olaced in alasshouse and watered as required.
After emergence, seekings fen lised three times pe; week
with complete nutrient sol~tion,~nrive', al 1 915
Seedlings thinning to one per cell
June 17 1997
Seedlings trimmed to 5 cm height to encourage tillering and
August 8 - 22 1997
biomass development.
Seedlings removed from the glasshouse and placed in a rainout
August 26 1997
shelter to expose them to field conditions before planting
Plants cut to a height of 5 cm, watered and, twelve hours prior to
September 11 1997
planting the lucerne was inoculated with the recommended
Rhizobium strain.
September 12 1997
Seedlings planted into the field (25 piantslm2).
Precise perennial seedling arrangement established using a
marked 1 m2quadrat.
Soil cored (5.2 cm diameter and depth 10 cm).
Seedlings planted into hole and soil replaced around them.
Species alternated for the monocuiture, binary and tertiary
mixtures.
October 1997 -January 1998 Watering of experimental area occurred at monthly intervals.
Plants initially trimmed to approximate height of 5 cm using sickle
January 14 1998
bar mower.
Plants trimmed to 5 cm height.
February 24 1998
Dead plants replaced with extra perennial seedlings (which had
April 1998
been put into pots and grown over summer).

-

Annual Species
The collection and addition of the annual species to the perennial pasture
mixtures is described in Table 4.2. Realistic annual seeding rates were chosen to
reflect those found in the seed bank studies (Chapter 3). To distribute the annual seeds
evenly into the perennial sub-plot, each sub-plot was divided into nine equal sections
using a metal quadrat. The amount of seed required for the defined area was then
added to one cup of sand and thoroughly mixed. The resulting mix of sand and seed
was sown in a criss-cross action to achieve an even coverage of seed. Ten litres of
water were applied to each sub-plot after sowing. Emergence of the annuals began
approximately one week after sowing.

Tabie 4.2 Annual species establishment.
Date
November 19-20 1997
April 1998

April 20-5 May 1998
April 29 1998
May 1 1998
May 4 1998
May 5 1998
May 8 1998
May 13 1998

Annual species establishment
Seed of vulpia and Paterson's curse was collected from paddocks close to
experimental site
Seed cleaned and germination tested (vulpia 73%, Paterson's curse
88%).
Germinatlon of vulpia facilitated by cold moist stratification prior to
germination.
Gouiburn subciover from commercial seed source (germination 90%).
Substantial rainfall (57.8 mm) occurred prior to sowing of annual species
Perennials trimmed with lawn mower to a 5 cm height
Paterson's curse sown (500 seeds/m2)
Vuipia sown (3 000 seedslmz)
Subclover inoculated with recommended Rhizobium strain and lime
pelieted before sowing (500 seedslm2)
Sub-piots watered (20 L of water/sub-plot)
Sub-piots watered (20 L of waterlsub-plot)

.

Measurements

Drv matter accumulation
The dry matter measurements taken during 1998 and 1999 are shown in Table
4.3. Prior to any herbage being removed, dry matter cuts to a 5 c m height were taken
from a 0.25 m2 area in each sub-plot. The samples were separated by species
(including any volunteer annual species), dried at 80°C for 48 hours and then weighed.
The density of the perennial species in the sampled quadrat was counted to allow
average weight per plant to be calculated.
Tabie 4.3 Dry matter measurements.
Date

Dry matter measurements

June15 1998
September 27 1998
October 20-24 1998
May 12 1999
November 5 1999

Plots cut with lawn mower to 5 cm height before initiation of stem
elongation in annual weeds.
Dry matter measured and botanical separation completed
Plots cut with a lawn mowerto 5 cm height
Dry matter measured and botanical separation completed
Peak dry matter production measured (coinciding with labelled nitrogen
harvest, referred to in Chapter 5)
Plots cut with lawn mower to 5 cm helght
Dry matter measured and botanical separation completed
Dry matter measured and botanical separation completed

Annual density, seed production, size and aerminable seed bank
Winter Annuals
Due to the small size of the sub-plots and the need to measure annual seed
set, non-destructive methods were primarily used (Tabie 4.4) thus minimising sub-plot
disturbance. Extensive removal of plants or soil from the sub-plots in 1998 would have
had an impact on subsequent measurements taken during the second year. At the
completion of the experiment, summer 4999, a more destructive method of sampling
occurred and soil cores were removed from the sub-plots to determine germinable

seed bank levels. Given the different morphological characteristics of the annual
species, measurement regimes had to be tailored to each one (Table 4.4).
Table 4.4 Measurements on annual species.
Measurements on annual species

Date

1998
July 15-18
July 24
September 1-2
October 13
December 18-23
1999
February 8
April 12
April 13
April 15
September 20
November 14
December 10-14
March 2000

i)

Density measured on annual species
Rosette diameter of Paterson's curse measured
individual vulpia and subclover plant biomass determined
Vulpia tillers counted and seed production estimated
Maximum seed production of Paterson's curse estimated
Subclover seed production estimated
Density of Paterson's curse determined
Density of subclover determined
Density of vulpia determined
Individual vulpia plant biomass determined
Maximum vulpia seed production estimated
Maximum seed production of Paterson's curse estimated
Germinable seed bank cores removed from all plots

Paterson's curse
Plant density was estimated using a 0.1 m2 quadrat placed at nine positions in

each sub-plot. Twenty Paterson's curse plants per sub-plot were measured to
determine rosette diameter (cm). Maximum seed numbers at the end of spring were
estimated using a linear relationship devised between cyme length and floret number
and a calculation of mean seeds/floret and plants/m2. The total cyme length of fifteen
individual plants per sub-plot was measured to derive an estimate of Paterson's curse
seed productionlm2.
ii)

Vulpia
Plant density was estimated by removing twelve cores (5.2 cm diameter) from

each plot and counting the number of seedlings present in each core. Twenty vulpia
plantslsub-plot were removed to determine individual plant biomass. The plants were
dried at 80°C for 48 hours and then weighed. Vulpia tillers/m2 were estimated by
counting tillers in a 10 x 10 cm quadrat placed randomly within the sub-plot. Twenty
vulpia heads from each sub-plot were then extracted and the glumes per head and the
number of filled seed per glume were then determined. The maximum seed
producedlm2was then estimated for each sub-plot.
iii)

Subclover
Plant numbers were estimated by counting subclover plants present in eighteen

randomly distributed 10 x 10 cm quadrats per sub-plot. Twenty subclover plantslsubplot were sampled to determine individual plant biomass. The plants were dried at 80°C
for 48 hours and then weighed. Maximum seed production/m2 was estimated by taking

fifteen (5.2 cm diameter x 5 cm deep) cores from each sub-plot. The soil was then
washed through a sieve (4 mm diameter) and the residue dried at 40°C for 48 hours.
Subclover seed was removed by hand from the organic matter residue and counted.
Maximum seed production via soil coring was not obtained at the end of 1999. It was
decided to minimise damage caused to sub-plots by soil coring and thus soil cores
were only removed in early summer for the estimation of germinable seed bank.

Germinable seed bank measurement
The germinable seed bank of the three annual species was estimated by
removing ten 5.4 cm diameter x 5 crn deep soil cores from the middle of each sub-plot
and concentrating them using a series of sieves (4 mm and 0.2 mm). This technique
reduces the amount of time required to germinate the majority (90%) of the germinable
seed bank (ter Heerdt et a/. 1996). Plastic pots were then filled with a peat and sand
mixture (l:2) and a 1 cm layer of vermiculite placed on top. A 1 cm layer of concentrate
was spread onto the vermiculite and kept moist for 8 weeks under glasshouse
conditions. Germinating seedlings of Paterson's curse, vuipia or subclover were
removed and counted. The seed bank samples were dried for 3 weeks and disturbed
prior to rewatering for further seedling germination, removal and counting.

Invading Summer Annuals
In the establishment year (1997) the perennial sub-plots were invaded by a
summer germinating annual grass, Panicum capillare (hairy panic). Seeds of this
species were wind blown on to the trial area. Before removing this summer weed from
the recently planted perennial seedling sub-plots, a quadrat (0.1 m2) area was
randomly selected in ail of the sub-plots on December 8, 1997 and again on February
16, 1999. The hairy panic biomass was collected, counted and dried at 80°C for 48

hours. Dry matter measurements of hairy panic were recorded.
Statistical analysis
The data were log, (In) or square root transformed as required to improve data
normality and an analysis of variance for a randomised complete block design was
applied using the GENSTAT 5 statistical package (Payne eta/. 1998). Three treatment
structures were analysed to assess the effect of i) perennial treatment, ii) selection of
perennial species, and iii) species diversity. The untransformed means are presented
with significant differences based on LSD (P = 0.05) derived on transformed data
where necessary.
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4.4 Results

Increasing the perennial species diversity had no significant effect (P < 0.05) on
the dry matter production of the annual and perennial pasture components or the
population dynamics of the annual species. However, the presence of a particular
perennial species or species combination had a significant impact (P < 0.05) on annual
species production and population dynamics and these results are presented below.
Dry matter production

Effects of pasture treatment
There were few consistent differences in total dry matter production of the
perennial components through time (Figure 4.1). There was no significant difference (P
< 0.05) in total dry matter production between the pastures during October 1998

(Figure 4.la). The L treatment had the lowest total dry matter of all perennial
treatments (Figure 4.lb) in June 1998 and May 1999. In September 1998, L and PL
had increased total dry matter production (Figure 4.la). Compared to the other
perennial treatments, C had significantly (P < 0.05) lower total dry matter and perennial
dry matter in September 1998. The L treatment produced the least dry matter in
autumn 1999. In both springs, the annual species had the largest dry matter
accumulation when present in the L treatment (Figure 4 . 1 ~ ) Total
.
dry matter of the
annual species during spring was highest when no perennials were present and in the
L treatment (Figure 4 . 1 ~ )Dry
. matter production of the annual species in October 1998
and November 1999 was significantly (P < 0.05) greater in L than in PL, CL or PLC
combination.
Effects of perennial species
The effects of the presence of a particular species on total and component dry
matter production were examined in a series of plus-minus species comparisons
(Figure 4.2).
Phalaris
The inclusion of phaiaris in a pasture mixture produced an increase in total dry
matter (Figure 4.2a) and perennial dry matter production (Figure 4.2b) at all
measurement dates. The presence of phalaris in the pasture mix also reduced the dry
matter accumulation of the annual species in spring (Figure 4 . 2 ~ )more than the
inclusion of lucerne only.
Lucerne
In both June and September 1998, the inclusion of lucerne in a mixture
increased the total dry matter production but there was no effect in the subsequent
seasons (Figure 4.2a). Including lucerne in the pasture did increase perennial dry
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matter at all times except May 1999 but the effects were smaller than for phalaris
(Figure 4.2b). Only in October 1998 did the presence of lucerne cause a significant (P
< 0.05) reduction in dry matter production of the annuals (Figure 4.2~).

Chicory
The presence of chicory increased total dry matter production in both June
1998 and May 1999 but had no significant effect on total dry matter in October 1998 or
November 1999 (Figure 4.2a). Including chicory in the pasture did increase perennial
dry matter at all times except September 1998 but the effects were once again smaller
than for phalaris (Figure 4.2b). The dry matter production of the annual component was
reduced during spring in both years (Figure 4 . 2 ~ ) .
Effects of the perennial species on the three annual species
The inclusion of phalaris in a pasture, reduced the annual dry matter of vulpia
and Paterson's curse during spring 1998 and all three species in spring 1999 (Figure
4.3). The inclusion of lucerne in the pasture mix had no significant effect (P < 0.05) on
the total dry matter of vulpia, Paterson's curse or subclover during spring (Figure 4.3).
The presence of chicory in a pasture reduced the spring dry matter production of both
vulpia and Paterson's curse in both years but subclover dry matter was only reduced in
September 1998.
Dry matter production of the three perennial species
Figure 4.4 shows the perennial species dry matter production in their respective
mono, binary or tertiary mixtures. The largest amount of dry matter for each perennial
species was produced in the monocultures and can be directly related to individual
species density as this was consistent across mono, binary and tertiary mixtures.
Phalaris dry matter was consistently higher in PL than PC or PLC (Figure 4.4a). In
June and September 1998, lucerne in PLC had the least amount of lucerne biomass
(Figure 4.4b). At ail other measurement dates, L had significantly (P < 0.05) greater
lucerne dry matter compared to PL or PLC. In June 1998, May and November 1999,
chicory had the lowest biomass when present in PLC. In spring 1998, there were no
significant differences (P < 0.05) in chicory production when mixed with any of the
other perennials (Figure 4 . 4 ~ ) .
Individual phalaris ptants had higher dry matter accumulation in most seasons
when sown in a binary or tertiary mixture with lucerne (Figure 4.5a). Chicory plants had
the lowest biomass of the perennial species when present in a monocutture (Figure
4.5~).Lucerne plants were smaller when present in LC or PLC treatments at most
measurement dates (Figure 4.5b). At the end of spring 1999, there was no difference in
the individual plant dry matter accumulations of chicory or lucerne plants grown in
monoculture or in combination with other perennials.
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Aspects of population dynamics of the annuals

There were numerous interactions between perennial combinations and annual
species. However as many of the significant interactions (P < 0.05) between perennial
combinations and annual species were trivial, only the most Important ones have been
included in the results. The presence or selection of phalaris, chicory or a combination
of phalaris with chicory did provide large reductions in many of the population
parameters measured to determine the effect of perennials on the annual species.
These included reductions in emergence, seed production and plant size of the annual
plant. Given that each of the annual species behaves in different ways, it is appropriate
that the annual treatments are presented separately in the results.
Paterson's curse
In 1998, the sizes of the establishing Paterson's curse plants (measured by
rosette diameter) in annual only or lucerne only plots were significantly larger (P <
0.05) than those in the other perennial combinations (Figure 4 . 6 ~see
; also Plates 4.2a,
4.2b and 4.2~).Plant density and maximum seed production of Paterson's curse were
greater in the L treatments than other perennial treatments (Figure 4.6) but were not
significantly different (P < 0.05) to the annual only treatment. The L treatment also had
the highest germinable seed bank of the perennial combinations. The presence of
phalaris andlor chicory had the greatest suppressive effect on Paterson's curse
population parameters (Figure 4.6). Total seed production and density in 1999 was
lowest in the C or PC treatments. The PC treatment also had a reduced germinable
seed bank of Paterson's curse (Figure 4.6d; see also Plate 4.3a). Lucerne when
present in the pasture did cause significant suppression of seed production relative to
Paterson's curse only, but the effects were marginal compared to phalaris or chicory.
Vulpia

In 1998, the vulpia monocuiture had lower plant density but greater individual
plant dry weight than other treatments (Figure 4.7a and c). Vulpia density in 1999 and
individual plant dry weight in 1998 were lowest when pastures contained phalaris,
chicory or a combination of the two. The presence of phalaris reduced the maximum
seed production of vulpia in both years more than the inclusion of either lucerne or
chicory (Figure 4.7b). However despite the reduced seed production, large quantities of
seed still entered the seed bank. There was a reduced germinable vulpia seed bank
under P or PC but it was not significantly different (P < 0.05) from the other pasture
treatments (Figure 4.7d; also see Plate 4.3b).

Density (plantslm2)

Density (plantslm2)

a)

Seed produotion ( ~ 1 0 0 0seedslm2)

-

G- 1000
E

b)

Seed production (x1000 ssedslmz)

w

m

0
0

g

-

I00

%0

-

c
0
,-

to

w

Da

w

*
1

c)

-E

Rosette dlameter (cm)

20

Rosette diameter (cm)

20

U 15

15

..
L

0s

u

.-m

-:

lo

to

5

5

a

+

2

0

$*@

.

P

P Q = \ G P G

Germinable seed bank (seedllngslm2)

N
-

E

d)

Q

0

.-!-! 3000

P
.

>

x..

4

"6

Germlnabio seed bank (seedllngslm2)
3000

m

&
,

:2000

2000

0
a

a
too0
-;
m

1000

0

.-E

:

0

0

Parennlal a p e o I e ( ~m l x l u r a

Abeance

1.) o r

p r e a o n c s ( + l o l the lhros
S ~ B C I BIn
S the rn lxture

persnnlal

Figure 4.6 The effect of perennial pasture mixtures and the absence (-) or presence ( t ) of the
three perennial species on Paterson's curse, a) density, b) estimated maximum seed
production, c) rosette diameter (1998), and d) germinable seed bank (after two years) (Values
followed by the same letter are not significantly different between perennial treatments (left
hand column) or within perennial species + or - comparisons (right hand column) analysed for
each time period, P< 0.05).

Plate

Paterson's curse seedlings in lucerne (0.25 m2quadrat), autumn 1998.

Plate

Paterson's curse seedlings in phalaris (0.25 m2quadrat), autumn 1998.

Platr

Paterson's curse with no perennial competition (0.25 m2quadrat), autu~

Plate 4.3a Germinable seed bank of Paterson's curse after 2 years.

Plate 4.3b Germinable seed bank of vulpia after 2 years.
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Subclover
Estimated seed production and individual plant dry weight of subclover in both
years and subclover density measured during 1999 were greater in the subclover
monoculture than when subciover was present in a perennial treatment (Figure 4.8). In
the presence of lucerne the seed production of subclover was significantly (P < 0.05)
increased (Figure 4.8b). The subclover density when phalaris was present in a
treatment was not significantly (P < 0.05) different to those treatments without phalaris
in both years (Figure 4.8a). However phaiaris was the only perennial that significantly
(P < 0.05) reduced the germinable seed bank of subclover after two years (Figure
4.8~).Plate 4 . 3 ~illustrates the differences in germinable subclover seed bank between
pasture treatments.
lnvadinq summer annual Rrass (hairy panic)
In summer, the annual grass, hairy panic, commonly invades pastures in
southern NSW. The invasion of this summer weed on to the experimental site provided
an opportunity to measure the ability of the perennial pasture treatments to suppress
this annual.
There was a significant difference (P < 0.05) between the total hairy panic dry
matter and individual hairy panic plant dry weight in summer 1997. The C treatment
had significantly (P < 0.05) lower hairy panic dry matter (73 glm2) compared to the
other treatments. Where no perennial species were established there was significantly
(P < 0.05) greater hairy panic dry matter (462 glm2). The dry matter of hairy panic in
the L treatment was 265 glm2 and the other perennial pasture treatments (excluding C)
had between 130 and 200 g/m2. The presence of phalaris and chicory in the pasture
treatment during 1997 significantly reduced (P < 0.05) hairy panic dry matter compared
to lucerne. There was no significant difference (P < 0.05) in hairy panic density
between the pasture treatments in 1997. In 1998, all perennial treatments had
significantly (P < 0.05) reduced individual and total hairy panic dry matter and reduced
density when compared to the annual only plots.
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4.5 Discussion

The choice and combination of perennial species in a pasture mixture had a
measurable effect on annual species biomass, density and seed production. The
presence of phalaris in a pasture (during spring), or of chicory (during autumn),
increased the amount of perennial dry matter in the pasture and caused a reduction in
dry matter accumulation of the annual components. There can be a direct relationship
between dry matter accumulation of the annual weed species and seed production.
This relationship has been found by Piggin and Sheppard (1995) for Paterson's curse.
Therefore, a reduction in annual dry matter due to competition from perennial pasture
species should reduce maximum seed production. However this was not evident in the
results obtained from this experiment (Figure 4.9). Therefore, although a high ability to
reduce annual dry matter would be a desirable attribute when selecting for competitive
perennial pastures, dry matter production per se should not be the only attribute of a
perennial pasture species that should be considered.
Although the presence of perennials such as phalaris and chicory did reduce
vulpia seedling emergence in both years (Figure 4.7a), vulpia was still able to produce
large quantities of seed (Figure 4.7b) and therefore develop adequate seed banks
under all perennial pasture combinations (Figure 4.8d). Thus vulpia management in
pastures cannot rely solely on direct perennial competition. In their assessment of
annual pasture community dynamics in NSW, Freckleton et a/. (2000) commented that
'vulpia is ultimately able to invade any mixture of other species in environments where
a stochastic disturbance (such as drought) occurs'. To reduce this weed's contribution
to the pasture composition, a suite of management techniques would be required to
decrease the number of viable seeds entering the seed bank. This may include
herbicide application andlor strategic defoliation, as well as sowing perennials with
companion annuals such as subclover (see Chapter 6) to allow colonisation of the gaps
between the perennials (Leys and Dowling 1992, Leys eta/. 1993). It was also evident
that autumn vulpia densities were greater where lucerne was present and thus a
strategic weed management plan would need to be implemented to reduce the input of
this species.
Subclover dry matter was reduced in a phalaris dominant pasture. However
although the presence of phaiaris in a pasture treatment did not significantly (P < 0.05)
reduce the seedling density in either year (Figure 4.8a) it did significantly

(P < 0.05)

reduce the germinable seed bank after two years compared to the treatments that did
not contain phaiaris (Figure 4 . 8 ~ ) .This reduction in seed bank may indicate a trend
toward a decline in subclover contribution to the pasture in subsequent years. in 1999,
the subclover was subjected to intense shading by phaiaris in late spring (see Chapter
5) and in combination with reduced dry matter, would have contributed to reduced seed
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production. This is consistent with research findings by Dear et a/. (2000) who
recommended that for adequate subclover seed production and survival, biomass of
the companion grass, phalaris, should be managed to reduce shading during subclover
germination and establishment and during flowering and seed set. Allelopathic effects
from pasture residues can cause subclover decline and the tolerance of cultivars will
vary (Leigh et a/. 1995a, Leigh ef a/. 199513). Subclover seed yield can be reduced by
increased perennial density and increasing the row spacing of the perennial can reduce
these effects of density (Woife and Southwood 1980) by reducing the competition for
light. However it should be noted that heavy defoliation of phalaris in spring (particularly
during stem elongation) will also compromise the persistence of this species (Cuivenor
1994).

Figure 4.9 Total spring dry matter production of the annual pasture species (DM,,
tlha) and the
relationship with estimated maximum seed production of a) vulpia, b) Paterson's curse, and c)
subclover during 1998.
When the perennial diversity was broadened to include either chicory or
lucerne, the seedling size, emergence and seed production of subclover were
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~ncreased(Figure 4.8). In sown pastures of southern NSW the advantages of including
a desirable annual such as subclover are to increase nitrogen fixation, to boost dry
matter production over winter and to reduce the space available for invading annual
weeds.
it would appear that both phalaris and chicory have a role to play in maximizing
perennial pasture competitive ability, and that lucerne is the least competitive species
especially during the autumn-winter period. Chicory is particularly competitive during its
most actively growing period of spring-summer-autumn and could be well utilised both
as a perennial sown with an annual winter legume (such as subclover) or in association
with a perennial legume such as lucerne. Sowing a highly winter-active lucerne
(Genesis, used here, is considered to have moderate winter activity) with the summer
active chicory could provide a more competitive environment for both summer and
autumn germinating annual weeds given appropriate pasture management.
The inclusion of a perennial grass or broadleaf species in the pasture had a
large impact on the population dynamics of Paterson's curse (Figure 4.6). Therefore, if
broadleaf weeds such as Paterson's curse are a potential problem in an area, sowing a
perennial combination of a grass and broadleaf could improve weed suppression and
limit the weed's contribution to the pasture. If lucerne is desired in the pasture system
to improve summer productivity or supply nitrogen, then increasing the perennial
diversity of the sown pasture to include either phalaris or chicory could reduce the
contribution of Paterson's curse to pasture composition, Increasing perennial diversity
does not necessarily improve pasture competitive ability but rather the selection of
species in the pasture mix becomes a critical and determining factor.
Even during the first few months of perennial seedling establishment, the
suppressive effects of the perennial plants on the dry matter production of the annual
summer grass, hairy panic, were evident . Twelve months after establishment, the least
competitive perennial, lucerne, also had less hairy panic than the previous year. This
would be due to the ability of established lucerne to grow over summer and use
resources such as water, thus providing sub-optimum conditions for successful annual
weed establishment. The presence of the summer active, tap-rooted perennial, chicory,
at all levels of perennial diversity reduced the amount of annual grass weed dry matter
during summer and would also appear to provide high levels of weed suppression
(both dry matter and density) due to competition for resources.
This experiment considered the outcome of competition on the population
dynamics of the annuals rather than the effect of defoliation or perennial density on
competition between annuals and perennials as examined by Dear (1998). Dear (1998)
found that increasing the perennial plant density could increase competition between
the pasture components and provide intense shading of annuals during the growing

season (for example phalaris versus subclover). However, grazing during the
autumnlwinter period may limit the effectiveness of shading as perennials and other
sown species would be selectively grazed and have reduced dry matter.
In summary, this experiment was established to address three questions.
Firstly, to quantify the suppression of the three annuals by the perennial species. With
few exceptions this suppression was significant but, as stated above, still enabled seed
from the annual species to enter the soil seed bank. The second question was whether
the competition was more intense with the functional groups (grass, legume and
broadleaf). Overall competitive suppression measured as dry matter produced or in
terms of the population parameters, was more closely related to the species of
competitor than the functional group. For example, phalaris was a strong competitor
and lucerne, generally, was weak. Thirdly, was suppression enhanced by an increase
in diversity from monoculture to binary and tertiary mixtures within the respective
functional groups? Again, due to the overriding competitive effect of individual
perennial species, increasing perennial diversity did not enhance suppression at all.
Hence, while combining various perennial species may be desirable for other
agronomic reasons (production, seasonal distribution, nitrogen fixation), competitive
outcomes with annuals will be more strongly influenced by the species in the mixture
rather than the diversity of the mix per se. The selection of competitive perennial
species combined with pasture management will have a strong influence on the
population dynamics of the pasture components (Chapters 6 and 7).

Chapter 5.
The effect of perennial diversity and species selection on incident light reaching
the annual canopy during autumn and spring and on nitrogen uptake in midspring.
5.1 Summary

The previous chapter showed that in an established perennial pasture,
perennial species selection and not diversity influenced the competition between
perennial and annual species. In this chapter the nature of the competition suppression
of the annual plants is investigated by examining resource utilisation (light and
nitrogen) in a range of perenniallannuai mixtures. The perenniai pasture species
selected represented three functional groups, grass (phalaris cv. Sirosa), legume
(lucerne cv. Genesis) and non-legume broadieaf (chicory cv. Puna). Likewise each of
the annual species sown with the perenniai combinations also represented these basic
functional groups, grass (vulpia), legume (subclover cv. Goulburn) and non-legume
broadleaf (Paterson's curse). The perennials were planted as seedlings in
monoculture, binary or tertiary mixtures in ail combinations. In the following year, the
annual species were introduced into the established perennial pasture plots.
The ratio of photosynthetically active radiation (PAR) available at the top of the
annual canopy (PAR,,,IPAR,)

to PAR incident (PAR,) on the whole pasture canopy was

used to measure the relative availability of light beneath each of the perennial
treatments. in spring, treatments containing phalaris or chicory reduced the light
available to Paterson's curse more than other treatments. Chicory also substantially
reduced the level of light above the subciover canopy in late spring. Perennial pasture
treatments containing phalaris rather than chicory or lucerne were able to reduce the
level of light available to vulpia during spring.
The choice of perennial species rather than species diversity per se also
influenced the annual species' ability to extract nitrogen from the soil, including phalaris
in a pasture reduced the amount of labelled nitrogen (I5N) captured by the other
components. The most effective scavenger for nitrogen was vulpia. However when
phalaris was present, the amount of "N accumulated by vulpia was lower than when
competing with lucerne or chicory. The presence of lucerne in the pasture increased
the proportion of "N removed by the annual species. When the annuals were grown
with the perennial species, growth was reduced more than j5N uptake which indicates
that below ground competition for nitrogen by the pasture components was less intense
than the above ground competition for light. The results are discussed with respect to
the competition suppression of the annuals as quantified in Chapter 4.

5.2 Introduction

The outcomes of competition in terms of dry matter and population
characteristics have been illustrated in Chapter 4. However, these outcomes will be
determined by a number of factors including the competition for resources such as light
and nitrogen. Nitrogen is particularly important for canopy development (leaf growth).
Light use will be the ultimate expression of differences in canopy growth and
morphology (as measured by the extinction of light through the profile). Competition for
light is even more important when ample nitrogen is available (Cocks 1974).
In established Mediterranean grasslands (similar to the climate of south-eastern
Australia), a perennial grass such as phalaris has a competitive advantage over annual
species for nitrogen and water at the commencement of the autumn break (Joffre
1990). Competition for nitrogen may be the main limiting growth factor in the early
stages of annual weed establishment (Jeangros and Nosberger 1990). As the season
progresses, the competitive ability of the various pasture components to access
nitrogen and other resources will determine future plant growth, development and
botanical composition.
Plant species differ in their abilities to maintain photosynthesis under various
light intensities and thus shading by taller species may affect emergence, growth and
reproductive development (Donald 1961). In phalaris and lucerne swards, Dear (1998)
found that there was a strong, positive relationship between the proportion of light
reaching the subclover canopy during seed set and subclover seed yield. In addition
significant reductions in weed biomass can be achieved in perennial pastures due to
competition for light (Wardle et at. 1992). The effectiveness of strongly competitive
pastures on the amount of weed seed entering the seedbank will determine the
ultimate success of this control strategy.
This chapter describes the effect of perennial species selection and diversity on
light interception by the annual canopy in two seasons and the uptake of nitrogen by
the pasture components in mid spring.

5.3 Materials and Methods

Experimental Design
The experimental design is as described in Chapter 4. The perennial pasture species
were monocultures of phalaris (P), lucerne (L) or chicory (C) and their binary (PL, PC,
LC) and tertiary combinations (PLC).
Light Measurements
An estimate of photosynthetically active radiation (PAR) was made using a Decagon
AccuPAR linear PAR ceptometer prior to herbage removal at six times over two years
(1998: July 27, September 29, November 10; 1999: May 11, September 21, October
27). incoming PAR (PAR,) was measured above the total pasture canopy, at the height
of the annual canopy (PAR,,)

and at ground level. Three readings were taken at the

canopy positions in each sub-plot and these were averaged before analysis. The
proportion of PAR available to the annual species was calculated: PAR,,/

PAR,.

Nitrogen Measurements
The uptake of nitrogen by the pasture components was determined using a
labelled nitrogen technique (adapted from McKane et a/. 1990). The pastures were
defoliated to 5 cm in height with a lawn mower one week prior to the nitrogen
application. Due to the presence of short, green vegetation, the labelled nitrogen
solution was injected into the soil, rather than using a surface application technique.
The technique involved placing 5 kg Nlha of heavily labelled (98% I5N) potassium
nitrate solution into the sub-plots (0.0375g~~~lplot).
The addition of the labelled
nitrogen occurred over a period of three days (October 1-3, 1998).
There were 100 injection points in a permanently marked 0.25 m2 area per subplot (Plate 5.la). A 2.5 mL volume of solution was injected at each point into moist soil
to a depth of 7.5 cm using a glass and stainless steel self filling syringe attached via
plastic tubing to a plastic back pack (Plate 5.1b and 5 . 1 ~ )To
. prevent soil blockages,
the needle was designed to inject the solution from a latera[ hole positioned 2 cm from
the needle tip. Care was taken to avoid any leakage of the labelled solution from the
syringe onto green foliage. Three days after injection, 21 mm of rainfall were recorded
at the experimental site (Chapter 6, Figure 6.1). The I5N area of each sub-plot was cut
to ground level three weeks later (October 20-24, 1998), separated into species and
dried at 70°C for 48 hours. Dry weights for each species were recorded. The samples
were ground through a 1 mm sieve and analysed using a mass spectrometer technique
(mean recovery of I5N was 72%). Background samples were taken from non-labelled
areas within each of the rows and from perennials sown around the trial area. The

81
quantity of

'

5

found
~
in these samples (0.37% of background sample nitrogen atoms

were j5N) was subtracted from the

' 5 ~obtained

in the analysed treatment samples.

Statistical analysis

The data were loge (In) or square root transformed as required to improve data
normality and an analysis of variance for a randomised complete block design was
applied using the GENSTAT 5 statistical package (Payne eta/. 1998). Three treatment
structures were analysed to assess the effect of i) pasture treatment, ii) presence of
perennial species and iii) species diversity. The untransformed means are presented.

Plate 5.la This 0.25 m2
quadrat was used to
position the 100
injection points.

Plate 5.lb The stainless
steel injector system with
specially adapted needle
tip.

Plate 5.lc Back pack
and injector system
used for applying the
labelled nitrogen.

5.4 Results

PAR.,,IPARi
Phalaris, when present, had a consistent effect on reducing PAR,,,IPAR,.and
had the largest effect of the three perennial species. When the annuals were small
seedlings in July 1998, there was no difference between PARl and PAR,,

across all

three annuals. The perennial pasture canopies affected PARan,IPARi during the
establishment of the annuals (Figure 5 . l a and 5.lb). Annuals establishing in the
treatments P, L or a PL combination had lower PAR,,,/PARl

relative to other pasture

mixtures. Chicory as a monoculture had a higher PAR,,,IPAR,

than other pasture

combinations during early annual seedling establishment in July 1998 (Figure 5.la).
The inclusion of phalaris or lucerne or a combination of the two species in a pasture
significantly reduced (P < 0.05) PARannlPARiduring July 1998 (Figure 5 . 1 ~ more
)
than
the inclusion of chicory. By the second year, the L treatment had higher PA%,,IPAR,
compared to pastures of C, P, PC or PL (Figure 5.3b). In May 1999 the presence of
chicory in the pasture significantly lowered (P < 0.05) PAR,,,IPAR,

(Figure 5.ld).

Pasture combinations containing P, or P with C also reduced PARannlPARlcomparedto
other pasture mixtures.
In spring 1998, Paterson's curse present in the PC or C treatment had
significantly less (P < 0.05) PAR,,,IPARi

during September relative to the other pasture

combinations (Figure 5.3). By October 1998, only PC provided a reduction in
PARa,,IPARi above Paterson's curse. including chicory significantly reduced (P < 0.05)
PAR above Paterson's curse in September 1998 and above subctover in October 1998
more than either phalaris or lucerne.
During spring 1998, PAR,,,IPARi

was not significant[y different (P < 0.05)

across annual pasture species with respect to the presence or absence of the three
perennials. However, in September 1999, all pastures had lower PARannIPARlwhen
they contained phalaris or lucerne (Figure 5.2a). In November 1999, only pastures
containing phalaris had reduced PAR,,,IPARi

(Figure 5.2b). However, the PAR,,,/PARi

above subclover or Paterson's curse was significantly lower (P < 0.05) than other
pasture mixtures in the presence of phalaris, chicory or a mixture containing PC. For
vulpia grown with phalaris PARan,/PARi was also significantly reduced (P < 0.05)
relative to other perennial species.

July 1998

July 1998

I

P

L

C

PL

PC

100

7

PLC

LC

May 1999

May1999

100

-E
a2
CC"

2

80

8z-

no

l
l
:
L
eo

-=

d

40

40

2

20

20

0

0

P

L

C

PL

PC

LC

PLC

a

a

.P

+P

-L

+L

a

.C

+C

Absents (-) or p r e s e n c e ( + ] o f l h e t h r e e

P e r s n n l a l s p e c l s s mlxlure

p s r e n n l a l o p s c l e s In the m i x t u r e

Figure 5.1 Proportion of incoming PAR (PARI) at the top of the annual species canopy
(averaged across the three annual species) (PAR,,,)
during a) July 1998, and b) May 1999, and
in the absence (-) or presence (+) of the three perennial pasture species during c) July 1998,
and d) May 1999. (Values followed by the same letter are not significantly different within
perennial species and time periods when transformed, P< 0.05).
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Figure 5.2 Proportion of incoming PAR (PARl) at the top of the annual species canopy
(averaged across the three annual species) (PARa,)
in the absence (-) or presence (+) of the
three perennial pasture species during a) September 1999, and b) November 1999. (Values
followed by the same letter are not significantly different within perennial specles and time
periods when transformed, P< 0.05).
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Figure 5.3 Proportion of incoming PAR (PAR,) at the top of the three annual species' canopies
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Nitrogen capture
The ability of the pasture components to capture N was assessed by calculating
the weight of

' 5 taken
~

up per g plant dry weight or I5NoM.The accumulated

' 5 ~ o Mwas

different across the range of pasture components (Figure 5.4). Vulpia accumulated
more 15NoMin the L treatment, and less in the P or a PL combination (Figure 5.4a).
Only vulpia growing in L or LC accumulated significantly (P < 0.05) more ' 5 ~ o Mthan the
vuipia in monoculture. Paterson's curse had a reduced 15NDMaccumulation when
grown in monoculture but was not significantly different (P < 0.05) to that in PL or PC.
The 1 5 ~ D Mof subclover was significantly (P < 0.05) lower in P than L.
The presence of P reduced the I 5 N 0 accumulation
~
across all annual species
(Figure 5 . 4 ~ ) Vulpia
.
and Paterson's curse had an increased

1 5 ~ D Mwhen

lucerne or

chicory was present in the pasture. The presence of phalaris or chicory in a pasture
combination reduced I 5 N 0in~ subclover.
Individual phalaris plants in the P treatment accumulated lower I5tdoMthan when
present in PL, PC or PLC (Figure 5.4b). Lucerne plants had reduced I 5 N owhen
~
grown
with chicory or in a PLC combination. Chicory had the lowest '5NoMin the PC or PLC
treatment.
The proportion of 15Nremoved by each of the pasture components (Figure 5.5)
shows that the perennial species affected the ability of the annuals to capture nitrogen.
The proportion of "N accumulated by vulpia and Paterson's curse were significantly (P
< 0.05) higher in the L treatment than the other perennial treatments. The inclusion of

chicory or phalaris also significantly reduced the proportion of I5PJ captured by these
two annuals. Phalaris and chicory each captured a greater proportion of the recovered
15N when sown in a binary combination with lucerne than when present in the PLC
treatment.

Figure 5.4 Concentration of I5N in plant dry weight ( r n g ' S ~g~plant DW) during October (rnidspring) 1998 in, a) annual species, b) perennial species in the perennial pasture mixtures and,
c) in the three annual species in the absence (-) or presence (+) of the three perennial pasture
species. (Values followed by the same letter are not significantly different within pasture
mixtures or perennial species when transformed, PC0.05).

Figure 5.5 The ' 5 ~captured ('5~,,,)
as a proportion of that recovered ("N),
during October
(mid-spring) 1998 by, a) annual species, b) perennial species in the perennial mixtures, and, c)
the three annual species in the absence (-) or presence (+) of the three perennial pasture
species. (Values followed by the same letter are not significantly different within pasture
mixtures or perennial species when transformed, P<0.05).
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5.5 Discussion

Phalaris has been shown to shade 'desirable' annuals like subciover more
effectively than lucerne even at lower densities as phalaris can compensate for
reduced plant density by increasing in basal density or tiller number per plant (Dear
1998). in this experiment, the presence of phalaris reduced PAR,,,/PAR,

at the top of

all three annual canopies ie grass, broadieaf and legume (Figure 5.3). The subclover
canopy was subjected to intense shading during late spring from phalaris and chicory.
This may have been one reason for the reduced seed production and subsequent
seedling emergence in the following autumns and significant reduction in the
germinable seed bank of subclover after two years when phalaris was present (see
Chapter 4). The reduction in germinable seed bank would indicate a decline in future
subclover content. In a mixed sown annual legume and perennial grass pasture where
between 30 and 40% legume content is desirable (FitzGerald 1979) this intense
competition for light would result over the spring period.
Defoliating in autumn prior to sowing the annual seeds did reduce the shading
effect of more summer active perennials such as chicory or lucerne. Nevertheless, this
level of dry matter or pasture height would be typical of a grazed pasture at the
commencement of annual germination in autumn. The low frequency of sward
defoliation during the growing season of the annual species would have increased the
shading by the perennial species and thus maximised the competitive inhibition by the
latter. Increased shading of autumn germinating annuals by chicory is unlikely in
grazed systems as it would be defoliated by stock in autumn and is inactive in winter.
Chicory has a dense, horizontal canopy that shades the annuals when its leaf area is
high (such as during its active growing period of spring and summer or during periods
of stock exclusion in autumn). in comparison, phalaris and iucerne developed a more
vertically orientated canopy. This type of canopy can therefore extend above many of
the undesirable annuals such as vulpia or Paterson's curse and shade effectively
during the latter part of spring.
The limited activity of perennial chicory during the cooler months reduces leaf
area and its ability to compete for PAR, in winter. Chicory had a dense canopy in late
spring (absorbing greater than 97% PARi). However in autumn, germinating annuals
such as vuipia are able to grow above this canopy before this level of shading occurs
(84% PAR,,

IPAR, and 62% PARgmUnd/PARr
in July 1998). Dear (1998) found that

summer active perennials depressed the survival of emerged clover seedlings in
autumn predominantly due to their water use. Thus a summer active perennial such as
chicory could aid in the reduction of less desirable autumnlwinter germinating annuals
if competition for both light and water was intensified by minimising the defoliation of
pastures shortly before and during the autumn break. However this would also affect
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desirable species as seed production and emergence was reduced under chicory (see
Chapter 4).
Competition for nitrogen in pasture combinations during mid spring was also
influenced by the botanical composition. However, if the uptake of

is used as an

indicator of competition below ground, then the below ground competition in the
pasture mixtures was less intense than the above ground competition for light. Results
show that in monocultures, the annual species accumulated more dry matter and
'diluted' the '5N but in mixtures with perennial species, competition generally reduced
growth more than the uptake of

'

5

(Figure
~
5.4).

The presence of phalaris in the sward reduced the amount of nitrogen captured
by the other components (Figure 5.5). Vulpia was an effective scavenger for nitrogen,
particularly when competing with chicory or lucerne. The amount of

'

5

accumulated
~

was only reduced when competition was present from another grass, either phalaris or
other vulpia plants. Including a perennial grass in the pasture mixes was also able to
reduce the proportion of nitrogen accessed by the annual grass. In pastures, the levels
of plant-available soii N generally decreases with soil depth (MacDuff and White 1984).
Hence the competition for nutrients such as N will occur at relatively shallow soil
depths. Ledgard et a/. (1985) found that the greatest density of plant roots were
present in the 0-10 cm soil layer and this is also where most of the plant-available N is
found. Their results also showed that a greater amount of "N was assimilated by
annual ryegrass at ail soii depths (5, 15 and 30 cm) compared to either phalarls or
subciover. Hence although perennial grasses have a deeper rooting depth than
annuals, the below ground competition at shallow soil depth for nutrients such as
available-plant N may not be intense enough to adequately limit growth and seed
production of the annual grass.
Intense intraspecific competition within areas sown only to Paterson's curse is
reflected by these plants having the lowest concentration of I 5 N D ~The
. ratio increased
in both the undesirable annuals when they were grown with perennials. However for
the desirable annual, subciover, this only occurred when grown with lucerne. This type
of response to competition for nitrogen was also recorded in a study by Welker et a/.
(1991) who found that nitrogen capture and concentration in shoot dry matter of blue
oak seedlings present in perennial and annual grass ecosystems were affected by
competition. The blue oak seed[ings had less

'

5

when
~
subjected
~
~
to competition

from other herbaceous species. However, in this experiment the annual weeds (vulpia
and Paterson's curse) generally had more

' 5 ~ o Mwhen

competing with the perennial

pasture species than when grown as a monoculture (Figure 5.4). In simple terms, they
grew less but they took up more N. Therefore the competition above ground was more
intense than the competition below ground.
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Although various perennial species can limit the amount of light and nitrogen
available to the annual components in the pasture, these annuals can successfully
capture adequate resources to ensure reproductive success. Therefore although the
annuals may have reduced dry matter production due to perennial competition, they
are still able to produce significant quantities of viable seed (see Chapter 4).
Competition from perennial species may form part of an overall weed management
strategy but cannot alone be relied upon to prevent weed seeds entering the soil seed
bank.
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Chapter 6.
The effect of strategic spring defoliation on botanical composition, biomass
production and herbage quality of a temperate perennial pasture.
6.1 Summary
Strategically timed spring defoliation of perennial pastures is likely to provide
desirable changes to pasture botanical composition. A phalaris-cocksfoot-subclover
pasture invaded by annual weeds was continuously grazed by sheep or mechanically
defoliated at different times during spring. The mechanical defoliation dates were
chosen to represent times at which silage and hay would be routinely cut. Botanical
composition, biomass production and herbage quality were measured over three years.
The frequency of broadleaf weed species increased in the pasture after two
years of cutting in early or late October. The contribution to pasture composition of
annual grasses such as barley grass and great brome increased with continuous
grazing. Cutting in early November or continuous grazing reduced the occurrence of
Paterson's curse after both one and two seasons. Cutting in late November increased
the density of annual species in the pasture, and also increased the tiller density of the
phalaris. Continuous grazing or cutting in late October reduced phalaris tiller density
after two years.
Vulpia increased its contribution to botanical composition and annual ryegrass
was reduced after two years of continuous grazing or cutting in November. Cutting in
October significantly reduced the presence of vulpia in the pasture and increased
annual ryegrass content. Subciover content was increased if cutting occurred in early
October. The quality of the cut material was also highest when cut at this time and was
inversely related to cutting time in spring. There was no significant difference in the
total amount of dry matter produced during the spring for each of the mechanically
defoliated pastures.
The experiment demonstrated that strategic spring defoliation has a
considerable impact on pasture composition. Successfully reducing the contribution of
undesirable components will depend upon the weed species that is targeted and the
timing of the cut.
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6.2 Introduction

In southern NSW, the establishment of a sown pasture is a relatively expensive
operation ($180-200 per hectare, Vere et a/. 1997) and a considerable period of time is
required to recoup this cost (Scott et a/. 2000). The regional pasture survey presented
in Chapter 3 demonstrated that the contribution of sown perennial species to pasture
composition is extremely low and that annual species (particularly the less desirable
annual grass, vulpia) dominate the pastures in southern NSW. Managing temperate
perennial pastures for effective weed control and for persistence and productivity of
desirable species can be difficult to accomplish. The pasture components respond
differently to the imposed management practices such as herbicide application and
defoliation regimes.
Strategic spring pasture defoliation by grazing can be used to manage weeds.
Grazing management has been shown to shift the balance between desirable and
undesirable pasture species (Michael 1968, Lodge and Whalley 1985, Virgona et a/.
2000). However, the timing, frequency and severity of cut and selectivity by stock will
all impact on the degree of botanical change (Harris 1974, Peart 1989, Silvertown eta/.
1992, Bullock et a/. 1994, Kemp 1996). A survey of meat and wool producers in the
high rainfall temperate zone of Australia (Reeve et a/. 2000) reported that heavy
grazing at particular times of the years is commonly used to manage weeds. However
50% of respondents who used this tactic found the practice to be only partially
successful and 5% deemed it unsuccessful. Reasons for this lack of success were
attributed to, i) selective grazing by livestock, ii) weeds that were hard to control, iii)
seasonal conditions made it difficult to used heavy grazing, and iv) the type of livestock
used were inappropriate for the purpose.
Spring flowering species, for example autumn germinating annuals or
perennials such as phalaris, are more sensitive to a disturbance such as grazing
(Lodge and Whalley 1985). Phalaris persistence has been linked to its ability to reach a
critical development stage. Defoliation at this time will reduce the dormant bud
formation required for future tiller production (Kemp and Cuivenor 1994). Due to high
pasture biomass production in spring, it is extremely difficult to maintain the necessary
grazing pressure on annual weeds to adequately reduce their seed production. Seed
rain reduction is required for long-term weed management, as recent seed rain is likely
to provide the majority of newly established seedlings (Bullock ef a/. 1994). Mechanical
defoliation is a less selective form of biomass removal than grazing, and can influence
botanical composition by increasing undesirable seed rain (Smith et a/. 1996).
Strategic mechanical defoliation in spring is an under-utiiised component of
integrated weed management in temperate pastures. Pasture studies focusing on
grazing management of temperate perennial pastures conducted between 1993 and

1996 in southern NSW (Virgona and Bowcher 1998), documented changes to
perennial pasture composition after a spring hay cut. It also changed the seed bank
composition by reducing both the annual grass and subciover component.
When properly applied, strategic spring mechanical defoliation has the potential
to favour desirable species, to reduce weeds, and to improve pasture utilisation,
production and digestibility (Kaiser and Blackwood 2000). This experiment aimed to
determine the effect of the timing of a spring defoliation on botanical composition and
pasture quality of an established temperate perennial pasture, heavily infested with a
number of the common annual 'weed species' identified in the regional pasture survey
described in Chapter 3.
6.3 Materials and Methods
Site description and preparation
The experiment was located at the Wagga Wagga Agricultural Institute (35"5'S,
146"6'E, elevation 219 m, average annual rainfall 572 mm) in southern New South
Wales. Daily annual rainfall for 1997, 1998 and 1999 is presented in Figure 6.1. The
total annual (444 mm) and spring (136 mm) rainfall in 1997 were lower than those
measured in either 1998 (597 mm and 188 mm, respectively) or 1999 (688 mm and
244 mm respectively). Autumn rainfall in 1999 (179 mm) was higher than either 1997
(1 17 mm) or 1998 (82 mm).
The experiment was conducted in an 8 ha paddock with a red kandosol soil
type (Isbell 1996). In autumn 1995 it was sown with a mixture of perennial grasses
phalaris (cv. Sirosa) and cocksfoot (cv. Porto) and subclover (cvs Goulburn and
Junee). in 1996, the pasture was grazed by sheep and no herbicide or fertiliser were
applied. The predominant weed species were Paterson's curse, capeweed, annual
ryegrass and Vulpia spp. The pasture composition at the commencement of spring
1997 (prior to any mechanical defoliation) is presented in Tables 6.3 and 6.4 (see also
Plate 6.1).

Plate 6.1 Pasture composition
in spring 1997 prior to cutting.

Forty soil samples to a depth of 10 cm were removed on 14 August 1997. The
soil was mixed, dried at 80°C for 48 hours and analysed for phosphorus (8 1~g.g-'Olsen

P), pH (5.33), total nitrogen (0.08%) and exchangeable cations (mequiv/lOOg: Al =
0.01; Mn = 0.09; Na = 0.00, K = 0.74; Ca = 4.15; Mg = 0.70'; Total EC = 5.7). A surface
application of 200 kglha of superphosphate (8.8% P, 11% S) was made in August
1997.

Figure 6.1 Daily annual rainfall (mm) at the Wagga Wagga Agricultural Institute
in 1997,1998 and 1999.

Experimental design and treatments
There were four mechanical defoliation treatments (for timing see Table 6.1) and one
treatment continuously grazed by sheep. The mechanical spring defoliation treatments
were repeated over three years. The experimental area contained four replicates that
were separated by 10 m wide buffers (see also Plate 6.2). Each replicate consisted of
five 10 m x 20 m plots. Defoliation treatments were allocated to the plots randomly. The
uniformity of grazing in the grazed piots was improved by positioning them within the
experimental design to allow maximum accessibility by the sheep from the surrounding
paddock.
Mechanical defoliation treatments
The mechanical defoliation was achieved using a small plot forage harvester (see Plate
6.3a). The pasture was cut to 5 cm (see also Plates 6.3b and 6 . 3 ~ )and the harvested

material removed from the experimental area (see also Plate 6.3d). The cutting dates
were at approximately 17 day intervals each year (Table 6.1) These harvest dates
covered the range of phenologicai development stages of the pasture species during
spring and a range of forage qualities.
Manaaement of livestock
The experimental area was grazed by sheep at 10 dry sheep equivalents (DSE) from
July 1997. Stock movements are recorded in Table 6.2. To prevent preferential
grazing, piots that were mechanically defoliated were not reopened to grazing until the
herbage in the plots was visually assessed as similar in pasture height to that in the
surrounding paddock.

Plate 6.2 Experimental area (replicate 1 in foreground).

Measurements
Dates of pasture composition and biomass measurements are shown in Table 6.1

Table 6.1 Dates of mechanical defoliation, pasture composition and biomass measurements in
ail three years.
Date

Pasture Measurement

1997

22 September
2 October
3 October
19 October
20 October
6 November
7 November
21 November
24 November
27 December

Site characterised using point quadrat
Tr 2. phenologies determined and biomass cuts taken
Tr. 2 cut, digestibility samples taken and pasture biomass measured
Tr 3. phenologies determined and biomass cuts taken
Tr. 3 cut, digestibility samples taken and pasture biomass measured
Tr 4. phenologies determined and biomass cuts taken
Tr. 4 cut, digestibility samples taken and pasture biomass measured
Tr 5. phenologies determined and biomass cuts taken
Tr 5 cut, digestibility samples taken and pasture biomass measured
Botanical frequency determined using point quadrat

1998

16 July
19 August
8 October
9 October
26 October
27 October
15 November
16 November
31 Novemer
1 December
30 December

Phaiaris tiller counted
Botanical frequency determined using point quadrat
Tr 2. phenoloqies determined and biomass cuts taken
Tr. 2 cut, digestibility samples taken and pasture biomass measured
Tr 3, phenoiogies determined and biomass cuts taken
Tr. 3 cut, digestibility sampies taken and pasture biomass measured
Tr 4. phenoiogies determined and biomass cuts taken
Tr. 4 cut, digestibiiity sampies taken and pasture biomass measured
Tr 5,phenologies determined and biomass cuts taken
Tr. 5 cut, digestibiiity sampies taken and pasture biomass measured
Botanical frequency determined using point quadrat

1999

3 June
7 September
5 October
6 October
21 October
22 October
9 November
10 November
29 November
30 November
2 December

Phaiaris tillers counted
Botanical frequency determined using point quadrat
Tr 2. phenologies determined and biomass cuts taken
Tr. 2 cut, digestibility samples taken and pasture biomass measured
Tr 3. phenologies determined and biomass cuts taken
Tr. 3 cut, digestibiiity samples taken and pasture biomass measured
Tr 4, phenoiogies determined and biomass cuts taken
Tr. 4 cut, digestibiiity samples taken and pasture biomass measured
Tr 5.phenoiogies determined and biomass cuts taken
Tr. 5 cut, digestibiiity samples taken and pasture biomass measured
Botanical frequency determined using point quadrat

Table 6.2 Movement of stock within the experimental area from 1997 - 1999.
Date

Stock movement

1 July 1997
1 August 1997

Sheep excluded from forage conservation plots

5 January 1998

Sheep removed from the paddock due to low herbage levels

31 July 1998

Sheep returned to the paddock but excluded from all trial plols to allow
seedling counts to occur

17 September 1998
22 December 1998
11 March 1999

Grazed plots reopened to sheep

19 May 1999
1 August 1999

Grazing begun on all plot at 10 DSE

Sheep removed from the paddock due to low herbage levels
Sheep returned to paddock but excluded from trial area to allow
seedling counts to occur
All plots opened to grazing due to early autumn rains
Sheep excluded from forage conservation plots

Botanical comuosition
Frequency quadrat
Botanical frequency was assessed at various times during the spring using a modified
rod point quadrat described in Chapter 3. The quadrat was thrown 80 times/plot while
walking back and forth across the 200 m2 area. Species frequency was calculated and
percentage contribution of each species to botanical composition was estimated. This
method was used to assess the botanical composition of the grazed and previously
defoliated plots on the day prior to cutting the next designated defoliation treatments.
Botanical frequency was also recorded on all plots approximately three weeks after the
completion of the defoliation treatments. The plant residue component (no regrowth
present or attached material unidentifiable) when present, was also recorded as part of
the botanicai composition.
Botanical separations
Composition of pasture plots designated for defoliation was assessed using botanical
separations. Ten 0.25 m2quadrats in each piot were randomly cut at ground level with
pasture shears the day before harvesting. The ten samples were placed in separate
bags and the herbage from each quadrat mixed and a sub sample taken. The ten sub
samples were then bulked and separated into species. Species were placed in paper
bags and dried at 80°C for 48 hours. The dried samples were then weighed and
percentage contribution to botanicai composition for each species was calculated.

Tiller counts
The frequency of phalaris and tiller density (tiiiers/m2)or defined area were measured
by randomly sampling using a 0.1 m2 quadrat in each plot. The quadrat was thrown
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until phalaris was present in forty quadrats. The number of "misses" was also recorded
to allow an estimate of phalaris frequency to be calculated. When phalaris was present
in a quadrat, tiller numbers were counted.
Pasture biomass estimates
Falling plate
Biomass was non-destructively determined on the plots using a regularly (four times
during spring) calibrated falling plate, minimum r2 = 0.85 (Cayley and Bird 1991). The
measurements were taken before and after a forage removal date. Grazed plots and
any previously cut plots were measured using this method. Forty random readings
were recorded in each plot.
Herbage cuts
Although a non-destructive means of estimating dry matter is preferable in relatively
small plots, herbage cuts were utilised for this measurement in plots designated for
harvest. The accuracy of a biomass estimate obtained from a falling plate on very tall
herbage is also reduced and would have provided an unreliable estimate of dry matter
in the plots defoliated in November. The day prior to a harvest date, ten 0.25 m2
quadrats were randomly cut at ground level to assess biomass production. The plant
material from each quadrat was weighed separately and a fresh weight obtained. The
fresh weight of a sub sample (used to assess botanical composition) was also recorded
and the subsample dried at 80°C for 48 hours. Using the fresh weight:dry weight ratio
for the subsample, an estimate of dry matter production (ffha) was calculated for each
plot.
Pasture diqestibility
Digestibility subsamples were taken from the bulk harvested material to assess forage
quality. The samples were placed into sealed plastic bags and placed on ice in
insulated boxes. To determine digestibility, the plant material was dried in a dehydrator
at 70°C for 48 hours, ground (sieve size 1 mm) and analysed using a modified Tiliey
and Terry (1963) in vitro technique as described by Piltz (1993).
Statistical Analysis
The data were log, (In) transformed as required using a box-cox procedure and then an
analysis of variance for a randomised complete block design was applied using the
GENSTAT 5 statistical package (Payne eta/. 7998). initially the composition data were
analysed using the previous season's spring botanical composition as a covariate but
the covariate was not significant. The untransformed means are presented in the
tables.
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6.4 Results

The contribution of the major functional species groups to botanical composition
changed after the implementation of the strategic spring cuts in 1997 and 1998 (Table
6.3). At the commencement of spring 1998, pastures that had been continuously
grazed or cut in early November had reduced broadleaf species but increased annual
grasses. In spring 1998 and 1999, the early October cut from the previous year had
less annual grasses compared to other treatments. It would appear that after two years
of cutting pastures in October, broadleaf species are increased. Annual legumes were
a small component of the pasture in 1998.
The contribution of individual species to the botanical composition of the
pasture structure also changed with the introduction of the spring cutting (Table 6.4).
The occurrence of vulpia was reduced in the subsequent year if the conservation cut
occurred in early October (see also Plate 6.4a). After the initial spring cut in early
November or after one season of continuously grazing the pasture, there was a
significant increase in the amount of vulpia (see also Plate 6.4b) but a reduction in
Paterson's curse (see also Plate 6.5a). Pasture cut in late November was dominated in
the following spring (1998) by annuals such as Paterson's curse (see also Plate 6.5b),
vulpia and annual ryegrass. In 1999, this same cutting treatment was further dominated
by vulpia but had less Paterson's curse than in 1998. After two years of cutting,

subclover became the major species in the plots cut in early October and the
proportion of annual ryegrass in the pasture was increased by cutting in October (early
and late). Continuous grazing increased the occurrence of other annual grasses
(Bromus spp. and barley grass) but after two years of mechanical spring defoliation,
these species contributed less than 1% of pasture composition.
Although defoliation did not appear to have a significant effect on the frequency
of perennial grasses (Table 6.3) in the pasture, there was a significant effect in both
years on phalaris tiller density (Table 6.5). In July 1998, the pastures cut in the
previous November had higher phalaris tiller density than pastures that had been
continuously grazed or cut in late October for two successive years. The highest tiller
density was present in pastures that had not been cut until late November.
The composition of the herbage removed at each strategic spring cut is
presented in Table 6.6 and components of the herbage at the time of each cut in 1999
are depicted in Plates 6.6a-d. Pasture cut in early October during 1999 had a
significantly (P < 0.05) higher amount of subclover and reduced vulpia In the harvested
dry matter than the other mechanically defoliated treatments (Table 6.6). Vulpia content
was significantly (P < 0.05) greater in the dry matter harvested in early November than
the other cutting treatments. Other annual legumes (particularly hare's foot clover)
contributed almost 20 % to the dry matter harvested from pastures cut in November

1999. When legume content was low in 1998, the composition of the harvested
material was dominated by annual ryegrass at all cutting times.

Table 6.3 Botanical composition (% species frequency) of the major functional species groups in
each of the defoliation treatments at the start of spring, 1997-1999.
Functional species
group

Defoliation

Botanical composition (%)
Spring 1997
Spring 1998
Spring 1999

Sown perennial grass
Grazed

16.3 n.s

7.0 n.s

15.4 n.s

Early October

14.6

8.5

18.4

Late October

15.2

8.3

14.2

Early November

16.9

10.6

14.1

Late November

16.3

$4.4

16.6

Grazed

29.3 n.8

6.0 n.s

18.6a

Early October

35.1

10.4

41.0'

Late October

38.8

4.9

12.0a

Early November

38.8

7.4

19.6'~

Late November

38.2

5.2

~ 6 . 6 ~ ~

Grazed

6.5

13.8'

3.0ab

Early October

5.1

34.~5~

8.1bc

Late October

4.6

~ 5 . 2 ~

10.4'

Early November

5.3

14.7a

1.2"

Late November

5.3

27.0~

1.7'

Grazed

47.9 n.s

73.2'

63.lbc

Early October

45.2

46.6=

32.6a

Late October

41.3

61.6~

63.4"

Early November

39.0

67.3bC

65.1'

Late November

40.2

53.4a

55.zb

Annual legume

Broadleaf weeds

Winter annual grass

(values within each year and species group followed by the same letter are not significantly different when
transformed, P<0.05; n.s = ail values wilhin thal functional group are not significantly different from one
another)

Table 6.4 Botanical composition (% species frequency) of each pasture species in the
defoliation treatments at the start of spring, 1997-1999.

Early October
Late October
Early November

Early October
Late October
Early November

Early October
Late October
Early November

Early October
Late October
Early November

(values within each year and species followed by the same letter are not slgnlficantly different when log,
transformed. P<0.05)
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Table 6.5 Phalaris tiller density (tillers/m2)in autumn afler one (1998) and two (1999) years of
strategic spring cutting.
Phalaris tiller density (tiiiers/m2)in autumn
Defoliation timing
-

Year

Grazed

Early
October

Late

October

-

Early
November

-

-

--

Late
November

(values followed by the same letter are not significantly different within the same year, P c 0.05)

The amount of removed dry matter and total dry matter (residual + removed +
regrowth) produced during spring is presented in Table 6.7. In spring 1999, there was
no significant difference between treatments in the amount of biomass produced In the
mechanically defoliated treatments. However there was a significant difference
between treatments in the herbage quality (measured by organic matter digestibility).
The digestibility of the removed herbage was reduced as spring progressed (Table 6.7)
and as the composition changed during the three seasons of cutting (Table 6.6). In
1999, the digestibility of the pasture cut in early October was higher than all the other

fodder conservation times. The forage removed at this time was dominated by
subclover and annual ryegrass. At the time of the late November cut in 1999, 25% of
the dry matter present was vulpia. Subclover content of the pastures was low in 1998,
and thus the contribution of annual ryegrass and Paterson's curse to the dry matter of
the conserved forages was generally higher than in the other years.

Table 6.6 Contribution of the major pasture components to herbage composition (% of dry matter
harvested) at the date of mechanical harvest of the four different treatments. 1997-1999.
Species group or species

Sown perennial grass

Subclover

Paterson's curse

Vulpia

Annual ryegrass

Other annual legumes

Defoliation

Proportion of pasture dry matter [%)
Spring 1997

Spring 1998

Sprlng 1999

Early October

7.9

6.0'

4.6

Lale October

8.4

5.S8

7.7

Early November

10.5

8.2"

6.3

Late November

13.2

25.8'

10.2

Early October

37.7b

2.3

57.gb

Late October

40.7~

1.I

32.1'

Early November

8.7'

0.8

29.7'

Lale November

19.5'

0.0

32.4'

Early October

3.8"

29.1b

5.Ta

Late October

3.6'

1O.l8

3.6'

Early November

4.4'

8.6'

1.4'

Late November

10.8~

19.4~

2.8'

Early October

13.5

2.6'

0.8.

Late October

13.7

5.0'

8.2'

Early November

9.2

5.8'

25.2'

Late November

7.9

18.6b

12.1b

Early October

27.0'

52.eb

17.4'

Late October

28.4'

75.7O

41.4~

Early November

43.7b

73.2"

12.4'

Late November

32.1'

31.7'

11.8'

Early October

3.6

0.0

5.7'

Late October

1.0

0.0

3.2'

Early November

8.1

0.0

20.0~

Late November

6.9

0.0

18.1~

(values within each year and species o r species group followed by the same letter are not significantly
different, P< 0.05)

Table 6.7 Quantity (dry matter, Uha) of cut herbage removed, digestibility (%)' of cut herbage
and total2spring dry matter (ffha) for the mechanically defoliated pastures.
Spring
Year

Defoliation timing
Dry matter

Early
October

Late
October

Early
November

Late
November

Cut DM (Uha)

1.9gab

2.95'

1.61a

2.27b

Digestibility (%)

70.8~

69.0~

60.1a

56.4a

Total DM (Uha)

3.97b

4.35C

3.2aa

3.53a

Cut DM (tlha)

4.50'

5.22ab

6.44b

5.32sb

Digestibility (%)
Total DM (tlha)

55.gc

55.3C

4 6 . ~ ~

373

6.91

7.18

7.86

6.55

Cut DM (Uha)

1.67

1.97

2.98

2.43

Digestibility (%)
Total DM (tlha)

68.0~

57.4=

54.3a

51.Oa

5.34

4.67

5.05

4.48

1998

1999

(values followed by the same letter are not significantly different within the same year, P < 0.05)
1 .

~nvitro organic matter digestibility

total dry matter = dry matter removed at time of cut + residual dry matter + regrowth afler cut

The botanical composition of the pasture in early summer is presented in Table
6.8. This represents the degree to which some species were able to recover from
defoliation and this was highly seasonally dependent. The plant residue component
was considerably higher in the later spring cuts in 1997 and 1999. The grazed pasture
had a considerable amount of annual grass residue in summer (see also Plate 6.7a).
Little regrowth occurred after cutting in the dry spring of 1997. After cutting in 1998 and
1999, the perennial grass component was present as green material at the end of
spring (see also Plate 6.7b). Paterson's curse also showed significant regrowth after
cutting in October and limited or no regrowth if cut in November. Subclover and annual
ryegrass were large contributors to composition at the end of spring 1999 after
continuous grazing or cutting in October. At the end of the consistently wet spring in
1998, other annual grasses such as the summer growing hairy panic invaded the

pastures and contributed to the pasture composition at the commencement of summer
(Table 6.8).

~

29.22'

10.6'

Annual ryegrass

15.8~

20.5~

0.0

0.0

Late November

O.Oa

O.Oa

17.2~

0.08
Plant residue

Other annual grass

Other broad leaf

Paterson's curse

100.0Oa

98.85=

99.48"

0.00"

0.63=

0.21a

O.OOa

0.946C

O.loab

0.00"

9.6gb

O.OOa

1997

~

51 -2'

24.0b

81.8'

15.9'

100.0~

87.8b

O.Oa

O.Oa

1.2b

17.1'

4.Sa

30.6~

0.0'

0.2a

0.5~~

O.Oa

2.6'

0.9~

1999

0.23'

2.58b

O.OOa

O.OOa

11.72

O.OOa

1998

Botanical composition (%)

p~~

Species group

p~
~

(values within each year and species group followed by the same letter are not significantly different, PC 0.05)

0.0

0.0

Early November

Late October

Early October

0.0

0.0

Grazed

Vulpia

O.Oa

0.0'

Late November

Early November

Late October

Early October

16.7~

22.3''

0.0~

O.Oa

Grazed

O.Oa

0.0

O.Oa

Late November

1.6a

O.Oa

Early November

Late October

23.gb

O.Oa

20.0C

15.5~'

1999

0.1

0.0

12.8ga

0.2a

0.0"

1998

1997

Grazed

Early October

--

Botanical composition (%)

32.11'

~

O.Oa

Annual legume

Sown perennial grass

Species group

p~

Late November

Early November

Late October

Early October

Grazed

Defoliation

-

Table 6.8 Botanical composition (% species frequency) of each pasture species or species group in the defoliation treatments at the start of summer, 1997-1999

Plate 6.7a Continuously grazed pasture dominated
by annual grass residue, December 3,1999.

Plate 6.7b Pasture regrowth afler defoliating In early
October (phalaris, cocksfoot, Paterson's curse) versus late
November (phalaris and cocksfoot), December 22, 1998.

6.5 Discussion

Before choosing to mechanically defoliate a pasture, it is important to
understand how this may influence future botanical composition. Although mechanical
defoliation in late October and continuous grazing reduced autumn phalaris tiller
density, the contribution by the perennial grasses to botanical composition remained
unaffected by the defoliation treatments over the three years. However to best manage
the persistence of a perennial such as phalaris, any defoliation strategy that reduces
tillering should be integrated with another management strategy such as resting the
pasture in autumnlwinter (Virgona et a/. 2000).
Defoliation in mid spring (iate October or early November) reduced the
contribution of other desirable species such as subclover (Table 6.4) as it was
flowering at this time and as a result, seed production would have been reduced
(Chapter 7). The increase in other species such as undesirable broadleaf species and
annual ryegrass when pasture was cut in late October was also related to the stage of
development of these annuals at this cutting time (Chapter 7).
Keeping biomass low by grazing with high stocking rates in spring has been
suggested as a useful tool to reduce broadleaf weeds in pastures (Friend 1997).
Continuously grazing with sheep before and during spring reduced Paterson's curse in
this study (Table 6.4). A reduction in Paterson's curse was also accomplished by
mechanically defoliating in early November. However the timing of this cut favoured
vulpia dominance. This is an undesirable outcome as it is a weed in pastures and a
carrier of root disease in crops (Reeves 1987). Although this cut increased vuipja, it
reduced annuai ryegrass by a significant amount in subsequent years. A pasture cut at
this time couid thus be a useful tool in the management of herbicide resistant ryegrass.
Annual grass species such as barley grass and the bromes, atthough not
present in significant quantities in the initial pasture composition, increased in the
continuously grazed areas (Table 6.4). It was observed that the sheep avoided grazing
these species during the reproductive phase and this enabled seed production to occur
(Chapter 7). Competition from other annual grasses in the mechanically defoliated plots
and the removal of biomass at a critical developmental stage could also indicate the
susceptibility of these grasses to a strategic disturbance as a means of control.
Improved digestibility of conserved fodder is achieved by cutting pasture for
silage in early spring rather than for hay in late spring. Digestibility of conserved
material from this pasture was inversely related to the date of cut and annuai weed
composition. The digestibility in 1997 (Table 6.7) compares favourably with those
values obtained for ryegrass/ciover mixtures cut in spring, early (74.7%), mid (64.2%)
and iate season (57.1%) for silage (Kaiser 1993). However, as the pasture composition
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changed due to the impact of defoliation treatments (Table 6.6) and seasonal
conditions, the digestibility of the conserved material was reduced. The considerable
reduction in digestibility of all defoliated pastures in 1998 would also be a direct result
of reduced subclover content. Low rainfall in May (Figure 6.1) and intense competition
from the considerable numbers of annual grasses found in the pastures during 1998
(Chapter 7) would have impacted on the ability of the annual legume seedlings to
successfully compete and establish.
The quantity and quality of pasture biomass produced was partially influenced
by the rainfall received during the spring growing season (Figure 6.1). The precipitation
during August and September was similar during the three years presented. The
rainfall received in October and November 1997 was substantially lower than the two
subsequent years and reduced the capacity for pasture regrowth after the
implementation of each forage cut.
Ensiling cut material rather than hay making, can reduce the germinability of
any viable weed seeds that are present in the conserved material as demonstrated in a
Canadian study by Blackshaw and Rode (1991). They also found that although grass
seeds did not survive the ensiling process, there was a variation (3 to 30%) in the
viability of the broadleaf species. Further research regarding the viability of weed
species under various ensiling conditions and from a southern Australian farming
systems perspective would provide valuable data for weed management strategies.
The resulting botanical composition and regrowth management after cutting
also requires further investigation. This study found that the amount and composition of
the pasture regrowth after a pasture cut varied according to timing and the prevailing
seasonal conditions. When adequate moisture was available (1998 and 'l999), removal
of herbage in early spring enabled significant regrowth of both annual and perennials
(Table 6.8). This did not occur in 1997 when rainfall was well below average. Recovery
occurred for the desirable components such as the perennial grasses and subclover as
well as undesirable species. Although broadleaf species such as Paterson's curse can
re-shoot and produce seed, it may be possible to further limit this more undesirable
component of the pasture by the reintroduction of grazing and/or a selective herbicide
control measure. Of all the major species, vulpia regrowth was most severely reduced
by cutting in early spring and possibly also from competition by other grass species
such as phalaris, cocksfoot and annual ryegrass (Leys and Dowling 1992, Leys ef a/.
1993).
Manipulation of botanical composition to reduce the contribution of a targeted
weed species is possible using selected spring defoliation and removal of cut herbage.
However, timing the cut is critical as it will impact on its success. Mechanical defoliation
and non-removal of herbage may produce a different result to that of a cut used for

112
fodder conservation as viable seeds could be left on the soil surface with the
unremoved material. The viability of this seed at the time of cutting and after a period of
weathering requires further investigation. The residue may also have some effect on
the ability of the remaining vegetation to regrow due to physical or phytotoxic effects.
The following chapter discusses the implications of phenological development on the
choice of cutting time and the effects of cutting on the population dynamics in the
pasture.
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Chapter 7.
The effect of strategic spring defoliation on phenologicai development and seed
bank dynamics of species found in a temperate perennial pasture.

7.1 Summary
Selecting a cutting time to manipulate the botanical composition of pastures will
be dependent upon the phenologicai development of desirable and undesirable
species. The tlming of the cut is critical, particularly with respect to the amount of
regrowth and seed production of annual species. Phenological development and seed
bank dynamics of both desirable and undesirable species were monitored for three
years in a phalaris-cocksfoot-subclover pasture that was subjected to four different
times of spring defoliation and compared with continuous grazing. Cutting times were
chosen to represent regional silage and hay making.
Paterson's curse, annual ryegrass and subclover had not reached a critical
stage of phenological development to prevent seed set if cutting occurred in early
October (each species being able to regrow and produce seed). in contrast, seed
production, autumn seedling density and germinable seed bank of vulpia were all
significantly reduced when cutting occurred in early October. Vulpia was at ear

emergence or early stages of seed fill at this cutting time. Seed production and
seedling density of vuipia were increased where the pasture was continuously grazed
by sheep or cut in November. Vulpia had commenced shedding seed by the time of the
November cutting treatment.
Sheep did not graze vulpia once it had reached the stage of ear emergence,
allowing large quantities of seed to be produced. Other annual grasses, such as barley
grass and the bromes, which also shed greater quantities of seed had a increased
germinable seed bank when the pasture was continuously grazed rather than cut in
spring. The seed heads of annual ryegrass were grazed by the sheep during seed
development. This reduced autumn seedling density but the seed bank still contained
annual ryegrass after three years of continuous grazing.
Paterson's curse seed production and autumn seedling density was significantly
reduced with grazing. Few plants were able to regrow and produce seed after the
sheep preferentially grazed the cymes. Cutting after formation of soft, green seed
(nominally late October or early November) also reduced the ability of Paterson's curse
to regrow and produce seed for subsequent autumn seedling emergence.
The data are discussed with reference to the management of botanical
composition of pastures. Phenological development should influence cutting time but

114
given the diversity of species in the pastures, the timing of cutting will, of necessity,
involve compromise between quality of fodder and effect on subsequent composition.
7.2 Introduction
Defoliation during sensitive times of a plant's phenological development can
have a large impact on its survival and reproductive capability. Defoliation of the
perennial grass, phalaris, during stem elongation in spring has been shown to reduce
the capacity of this plant to produce dormant buds, and hence contribute to lower
autumn tiller production (Hill and Watson 1989, Culvenor 1993,1994). The success of
physically removing annual grass seeds such as vulpia from a paddock via hay or
silage (Beattie ef a/. 1992, Dowling et a/. 1997) is largely dependent on timing these
operations to coincide with sensitive stages of the phenological development. As recent
seed rain is likely to provide the majority of newly established pasture seedlings
(Bullock etal. 1994), a strategic cut could substantially reduce annual seed production
In spring and should have a significant impact on autumn seedling recruitment.
Changes in seed bank dynamics can alter pasture composition if the sward is
sufficiently disturbed (Williams 1984). Heavy spring grazing of vulpia can significantly
reduce seed set and seedling emergence the following year (Jones 1992, Jones and
Whalley 1993). Paterson's curse seed production can also be substantially limited by
continuous grazing with sheep or increasing grazing intensity when plants are
establishing or in the process of setting seed (Piggin 1979). However on a practical
level, when spring herbage is plentiful it may be difficult to maintain sufficiently high
grazing pressure to reduce undesirable species.
A strategically timed cut can enable a substantial reduction in undesirable weed
seeds entering the soil seed bank (Smith et a/. 1996). Few studies have measured the
influence of different cutting times on the annual seed bank dynamics of a pasture
system in Australia. Smith and Jones (1991) assessed the impact of different cutting
dates on seed production in mesotrophic grasslands of Northern England, and
concluded that some modifications to current management should be implemented.
Specifically hay cutting dates should be changed to allow ripening of seed set by
desirable grassland species. However this could also have implications for weed
spread as the hay could contain seeds from undesirable species.
Understanding the effects of cutting on the population dynamics of annual
weeds in temperate perennial pastures will contribute to improved weed management.
However the impact of cutting on the various species will depend upon their stage of
phenological development. The optimal time of cut for all weed species must be
ascertained to reduce their seed production and entry into the soil seed bank. This
study of pasture phenological development and seed bank dynamics aimed to compare

the phenological development of desirable and undesirable pasture species before and
after strategic spring cutting in order to facilitate the development of optimal strategies
for pasture production, quality and weed suppression.

7.3 Material and Methods
Site description and preparation
These were described in Chapter 6.
Experimental desiqn and treatments
These are also outlined in Chapter 6.
Measurements
Phenoloqy
The phenological development of five species was recorded weekly during spring 1997
(25 September to 22 December), 1998 (1 September to 22 December) and 1999 (1
September to 17 December). The species chosen were phalaris, cocksfoot, annual
ryegrass, vulpia and Paterson's curse. Twenty-four plants from each plot were
assessed for stages of development using the modified phenological development
scales detailed in Tables 7.1 and 7.2. Plants were chosen at random using the point
quadrat. The quadrat was thrown twelve times in the plots and the closest two plants of
each species to two of the quadrat points were inspected and the most advanced
phenoiogicai stage (MAPS) o n those plants was recorded.
Phalaris, cocksfoot, annual ryegrass a n d vulpia
Phenological development of both the perennial grasses and two annual grasses was
assessed using a defined phenological scale (Table 7.1) based o n Culvenor (1994).

Table 7.1 Phenological stages recorded for the pasture grasses (phenological stages adapted
from Cuivenor 1994).
Phenological stage

Abbreviation

Description

Vegetative

V

No palpable nodes or stem elongation

Pre-elongation

PE

Stem elongation
Ear emergence

SE

One palpable node on the elongating stem
Two or more palpable nodes on the elongating stem

EE

Earlpaniclejust visible or emerged

Anthesis

A
PA

Anthers present with pollen
Spent anthers present but no pollen

Post-anthesis
Seed fill soft
Seed fill hard
Seed drop

SF-S

Seed milky and easily pliable

SF-H
SD

Seed contents hardened
Seed fallen from panicle

Paterson's curse
The phenological scale used for Paterson's curse (Table 7.2) was based upon Smith
and Jones (1991).
Table 7.2 Phenological stages recorded for Paterson's curse (phenological stages adapted from
Smith and Jones 1991).
Phenological stage
Vegetative
Stem elongation
Before anthesis
Anthesis
Post anthesis
Seed fill green
Seed fill black soft
Seed fill black hard
Seed drop

Abbreviation

Description

V

No visible development of floral parts
Visible development of floral parts; elongation

SE

BA

A
PA
SF-G
SF-BS
SF-BH
SD

of floral stern beginning
Coloured flower petals formed; not opened
Flowers open and pollen present on anthers
Flower petals in state of decay; no visible seed
formation
Green seed forming
Seeds black and sofl (easy to squeeze open)
Seeds black and hard
Seed falling

Seed bank dvnamics
Seed production
Seed rain was measured using ten randomly placed seed traps in each plot.
The seed traps were modified from a design by Schott (1995). Each trap consisted of a
12 cm diameter plastic funnel with a 7 x 7 cm entomological net bag (mesh 0.9 x 0.3
mm) attached by a rubber band to the reduced spout (cut to a 3 cm length). The
completed traps were placed into a 1 0 cm diameter cored hole (depth 15 cm) lined with
cut lengths of PVC pipe. The funnel was approximately 2 cm above the soil surface
once placed in the hole. The trap's height above the soil surface aided in reducing soil
or other objects entering the funnels due to water movement. Ant or insect predation of
seed was minimised by the slippery plastic surface and the steep angle of the funnel.
Although insects were unable to escape from these traps with seed, the traps were
sprayed with an outdoor surface pesticide to prevent spiders occupying the seed trap
opening. Seed traps in the grazed pasture plots were covered by a wire cage to protect
them from stock trampling and disturbance (see Plates 7 . l a and 7.lb).
Seed trap bags were replaced during the springlsummer after seed rain was
initiated. Traps were removed prior to harvesting of plots and then replaced (see Plate
7 . 1 ~ ) .Seed traps were removed from all plots in late February. The seed present in
each bag was identified and counted by hand. Vulpia seed was found in large
quantities in some treatments. As a result the number of vuipia seeds in these plots
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was estimated by weighing the cleaned sample and relating that weight to a known
weight and number of vulpia seeds.
Seedling emergence
The density of emerging seediings were counted after significant autumn rains
by removing small cores from each piot. Twenty-five 5.2 cm diameter cores were taken
in each plot while moving in a W-pattern across the plot. The number of cores chosen
to estimate seedling numbers was derived from counting seedlings in forty cores and
then calculating the standard deviation. The deviation for the majority of species under
investigation remained relatively constant after counting seedling numbers in twentyfive cores. After removal of the cores from the field, each one was examined and the
seedlings identified and counted.
In 1998, cores were removed during 5-10 July. Only seediings were counted
and there was no measurement of surface herbage residue (trash) as there was little
present. in 1999, seedlings were counted between 27 and 30 April. The presence of
significant amounts of plant residue on the grazed plots prompted a measurement of
this trash. Dead material was carefully removed from each core and weighed
separately to obtain an estimate of pasture residue present on each plot.
Germinable seed bank measurements
An estimate of the germinable seed bank was determined using the concentrating
technique described in Chapter 5 (see also ter Heerdt ef at. 1996). Twenty cores were
removed from each plot in March 2000. After processing the soils, the germinated
seedlings were identified, removed and counted for a period of 8 weeks. The soils were
then allowed to dry for two weeks, disturbed by re-mixing and then watered to allow
further seedling flushes to be counted.
Statistical Analysis

The phenological data presented is used for descriptive purposes only. The data for
each species could not be readily analysed using available statistical techniques. The
data did not conform to either a normal or binomial distribution. The raw, unanalysed
data are presented for each treatment. The seed production, seedling density and
germinabie seed bank data were log, (In) transformed as required and then analysis of
variance performed using the GENSTAT 5 box-cox procedure (Payne ef al. 1998). The
untransformed means are presented in the tables with LSD differences based on
transformed data.

Plate 7.la Seed traps consisting of plastic
funnels with netting bags attached to their
ends were placed into the ground (inside PVC
pipe). Seed traps were protected by a mesh
cage in grazed plots.

Plate 7.1b Seed traps in the
grazed pasture plots during
summer.

Plate 7.lc Seed traps in the
mechanically defoliated pasture plots
were identified using pin markers. The
traps were removed before mechanical
defoliation occurred, the bags replaced
and the traps returned after the
defoliation process.
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7.4 Results
Phenological development
The MAPS of the main pasture species were measured at approximateiy
weekly intervals during the three springs and are presented in full in Appendix 5 a-e.
However to better visually depict the impact of the various defoliation regimes, a
selection of the results are presented in Figures 7.1-7.5.
The MAPS of at least 20% of the grass tillers or Paterson's curse plants at
approximately weekly intervals during spring are presented in Figures 7.1-7.5.
Choosing a value of at least 20% provided a guide to species development as this
would mean that a significant number of plants had reached that stage. Recording the
phenological development of the five major pasture species during spring
demonstrated the impact of the various spring defoliation strategies on the major
pasture components. Regrowth after defoliation was dependent on species and
season.
There were differences between species in their development pattern. For
example, in contrast with the other annual species, vulpia's pattern of development was
consistent from year to year. The two perennial grasses and Paterson's curse were
more advanced in their phenological development during early spring 1998 than they
were in either 1997 or 1999. Given the differences in species development, each
species and spring is presented separately in a graphical form.
Paterson's curse
The MAPS of at least 20% of Paterson's curse plants are presented in Figure
7. I.Cutting in early October in 1997 did not prevent the majority of plants (greater than
70% after two weeks) from regrowing and producing a considerable amount of seed by
the summer. in 1998, a greater proportion of plants had reached anthesis or post
anthesis prior to early October cutting and 83% of plants did not recover and set seed.
The following year, the majority of Paterson's curse was at the stem elongation stage
before the early October cut and the plants present were able to re-shoot and drop
seed by mid-December. At the subsequent cutting times in all years, the weed was at
more advanced stages of phenological development. Substantial regrowth and seed
production occurred after cutting in late October 1997 and 1999 (Table 7.3) but not
after the late October cut in 1998. Plants cut in November did not produce regrowth in
any of the three years but the majority of plants (greater than 80%) had formed seed or
were shedding seed at the time of the final cutting date. Grazing continuously with
sheep substantially affected plant development during spring and only 5 % or less were
able to produce seed in the three year period.

Phenology taken at approximately weekly Intervals
(1 September to 10 December, 1999)

1999
Paterson's
curse

mvm

AlPA

SF-G

SF-8

SD

SElBA

No
regrowth

Figure 7.1 The most advanced stage of phenological development (MAPS) of at least 20% of
Paterson's curse plants during spring 1997, 1998 and 1999 ('c' indicates cutting date).
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Vulpia SPP.
In iate September of each of the three years, the MAPS of at least 20% of
vulpia tillers was ear emergence (Figure 7.2). Vulpia was at either ear emergence or
early seed fill when the early October cut was implemented. There was no regrowth on
at least 80% of the tillers in any year after this cut (Appendix 5b). No tillers were
recorded as having shed seed after early October cutting in 1998, and seed production
was significantly reduced (Table 7.3). The majority of tillers (greater than 70%) had
reached seed formation prior to the iate October cutting time. No tillers were found to
have recovered from this defoliation in 1997 or 1998, but almost 60% dropped a
quantity of seed in 1999. Tillers did not recover from cutting in November but at this
time, most plants had reached seed formation or were dropping seed (Figure 7.2).
Vulpia was not defoliated by stock once it reached the reproductive phase and the
majority of tillers produced and shed large quantities of seed by mid November (83%
had shed seed by 18 November in 1999).
Annual rvectrass
In 1998, the MAPS of at least 20% of tillers in mid-September was ear
emergence but in the other two years, development had reached pre-elongation or
stem elongation (Figure 7.3). In the first year of early October cutting, the annual
ryegrass had 71% of tiilers at pre-elongation or stem elongation stage (Appendix 5c).
The remaining proportion was at ear emergence or flowering. In the subsequent two
years, these pastures had almost 100% tillers at the stage of ear emergence or
flowering prior to defoliation. Tiller recovery and seed shedding after early October
cutting was able to occur in all recorded tillers in 1997 and 1999. Only one third of the
tillers recovered to produce seed in 1998. No tillers recovered after cutting in late
October in 1997 or 1998 but all tillers were able to produce seed after cutting in 1999.
Seed drop was starting to occur just prior to cutting in early November 1998 but cutting
at this time in the other years occurred during seed formation. At the time of the late
November cut, all tillers were beginning to shed seed. No tiller recovery was recorded
after defoliation. For the grazing treatment a high proportion of seed heads were
defoliated in 1998 and 1999, and consequently less than 30% of tillers shed seed.

Phenology taken at approximately weekly intervals
(3 September to 7 December. 1998)

1998
Vulpia

Phenology taken at approximately weekly intervals
(1 September to 10 December, 1999)

1999
Vulpia

v

I

I

I

I
PElSE

EE

NPA

SF

SD

No
regrowth

Figure 7.2 The most advanced stage of phenological development (MAPS) of at least 20% of
vulpia tillers during spring 1997, 1998 and 1999 ('c' indicates cutting date).

Phenology taken at approximately weekly intervals
(3 September to 7 December, 1998)

1998 Annual
ryegrass

I

I

Phenology taken at approximately weekly intervals
(1 September to 10 December, 1999)

1999 Annual
ryegrass
L

IvI
PElSE

EE

I

I

I

AlPA

SF

SD

NO

regrowth

Figure 7.3 The most advanced stage of phenological development (MAPS) of at least 20% of
annual ryegrass tillers during spring 1997, 1998 and 1999 ('c' indicates cutting date).

Phalaris
At least 20% of tillers remained vegetative during September 1997 and 1999
but then reached pre- or stem elongation during September in 1998 (Figure 7.4). After
cutting in early October, 40% of phalaris tillers regrew and reached at least stem
elongation in all years (Appendix 5d). This also occurred in 1998 and 1999 after cutting
occurred later in October. In 1997, 15% of regrowth tillers reached pre-elongation after
the late October cut and the rest remained vegetative. Phalaris tillers developed to ear
emergence or flowering (less than 40%) when the cutting occurred in November 1998
and 1999. Seed fill only occurred before the last cut in 1998 (Figure 7.4) and in less
than 5Ooh of regrowth tillers defoliated In early October 1999. Seed fall was not
recorded and no seed was found in the seed traps. Grazing kept the majority of tillers
vegetative but greater than 60% of tillers achieved stem elongation in 1998 and 1999.
Cocksfoot
In September 1998, at least 20% of the most advanced cocksfoot tillers had
palpable nodes but plants were vegetative during the same period in 1997 and 1999
(Figure 7.5). Cocksfoot developed tillers with greater than 40% ear emergence or
appearance of flowering after cutting in early October in all years (Appendix 5e). In
1997 and 1999, seed fill occurred in greater than 40% of tillers afler an early
defoliation. At all other times of defoliation, cocksfoot was at least at stem elongation
and by November was beginning to ear emerge or fill seed. Under continuous grazing,
cocksfoot produced at least 20% ear emerged tillers by mid spring. In 1998 and 1999
cocksfoot had greater than 60% tillers at ear emerged or flowering stages.

Phenology taken at approximately weekly intervals
(3 September to 7 December, 1998)

mvm

EE

NPA

SF

PEISE

SD

No
regrowth

Figure 7.4 The most advanced stage of phenological development (MAPS) of at least 20% of
phalaris tillers during spring 1997, 1998 and 1999 ('c' indicates cutting date).
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Cocksfoot

1998
Cocksfoot

1999
Cocksfoot

I

I

Phenology taken at approximately weekly intervals
(22 September to 12 December. 1997)

I

Phenology taken at approximately weekly intervals
(3 September to 7 December, 1998)

I

Phenology taken at approximately weekly intervals
(1 September to 10 December, 1999)
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SO

No
regrowlh

Figure 7.5 The most advanced stage of phenologicai development (MAPS) of at least 20% of
cocksfoot tillers during spring 1997, 1998 and 1999 ('c' indicates cutting date).

Captured seed rain
There were considerable differences between the captured seed rain for the
major functional groups and major annual species (Table 7.3). Cutting late in October
significantly reduced (P < 0.05) the seed rain of annual grasses (reducing the amount
of captured vulpia and annual ryegrass seed) in both years compared to the other
defoliation regimes. Both annual rye grass and vulpia seed collection were generally
higher than other treatments when a defoliation occurred in late November or pastures
were continuously grazed. Annual ryegrass cut in early October was able to produce
quantities of seed that were not significantly different (P < 0.05) from those produced
under grazing conditions. The amount of Paterson's curse seed captured was
significantly (P < 0.05) reduced under grazing compared to all other treatments except
when cutting occurred in early November during 1997 and late October 1998. The
amount of 'naturalised' clover seed collected was lower in 1998. Peppercress and
Erodium spp. seed production (data not presented) increased with cutting in early
October or early November and late October or grazing respectively.
Table 7.3 The captured seed rain (seedlm2) of the major functional species groups and major
annual species present in a perennial grass pasture after one year (1997) and two years (1998)
of the spring defoliation treatments.
Defoliation
Year

Functional species group
1997

Species

1998

1997

Naturalised clovers

1998

Annual ryegrass
1 66gbC

Grazed

1 041b

2

1 481b

Early October

1 24zb

17

981b

834b

4O

0

95O

7a

Early November

343b

29

237=

2 896d

Late November

2 308~

4

990b

6 87gd

Late October

Winter annual grasses

Vulpia
18 46gb

Grazed

8 495'

Early October

2 lllb

983b

10 0 4 ~

5Eia

Late October

347a

57O

208'

29'

Early November
Late November

2 520b
13 599'

21 225'

6 824'

2 ~ 4 8 ~13 650b

17 3 1 7 ~
38 878'

11 985"

Broad leaf weeds
Grazed

40a

Early October

993O

Late October

318~

Early November
Late November

55a
250b0

Paterson's curse

33zab
9

29 895b

4

24aa

1 24gbC
2 286'

~

~

20a

2Za

973b
~

~77~'

303~

78
208~

86sb
2 ~ 3 ~
2 153O

(values within each year and species group followed by the same letter are not significantly
differentwhen log, transformed, P C 0.05)
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Autumn seedling densities
Annual grasses had the highest seedling densities after the autumn break.
Seedling density of winter germinating annual grasses was considerably reduced after
two years of cutting in October and were also iower in the grazed plots after this time
(Table 7.4) compared to the other treatments. in 1999, annual ryegrass seedling
densities were iower in all the cutting treatments except the late November cut.
Significantly (P < 0.05) iower densities of vulpia occurred if cutting occurred in October
compared to other treatments. Grazed plots contained four times the amount of residue
on the surface than the cut treatments in 1999. Fewer vulpia seedlings were counted
under grazing in 1999 where plant residue was high.
In autumn 1999, pastures cut in eariy October had a significantly (P < 0.05)
greater number of emerged broadleaf species compared to the other treatments. A
variety of broadleaf species were present in the treatments as autumn seedlings (data
not shown). Peppercress was predominantly recorded in the areas cut in early October
or eariy November. Erodium spp. was more prevalent in pastures cut in late October.
No Paterson's curse seedlings were counted in the cores removed from grazed areas.
Significant reductions in Paterson's curse emergence also occurred when the pasture
was cut in early November compared to other treatments. The highest Paterson's
curse seedling numbers occurred in areas cut in eariy October lalso see Plates 7.2 and
7.3). The density of subclover seedlings in 1999 was significantly (P < 0.05) lower in
the late October and early November cutting treatments.
Germinable soil seed bank
The resulting soil seed bank after three seasons of the pasture defoliation
treatments is presented in Table 7.5. A number of annual grass species (e.g. Bromus
spp. and barley grass) were found in areas subjected to continuous grazing of livestock
(see also Plate 7.4). The germinable seed bank of vuipia was significantly (P < 0.05)
increased in both the grazed and the late November cut pastures compared to the
other treatments (also see Plate 7.8). However, the vulpia seed bank was lowest when
cutting occurred in early October. Cutting early in November did significantly (P < 0.05)
reduce the contribution of annual ryegrass to the seed bank compared to other
treatments. Continuously grazing or cutting in early October rather than cutting at other
times in spring resulted in a significantly (P

0.05) increased seed bank of annual

ryegrass.
Smaller, broadleaf weed species such as Crassula spp., chickweed and mouseeared chickweed have not been presented in the results as although great in seed
bank number they would contribute little to pasture biomass. There was a large amount
of peppercress present in the seed bank of the eariy October treatment and a iower

amount in the late November cut. The amount of Erodium spp. was higher in the seed
banks of pastures that had been cut in late October or continuously grazed. Subclover
content in the seed bank was also greatly improved by cutting in early October (also
see Plate 7.5) compared to other times of cut and reduced when cutting occurred in
late October (also see Plate 7.6) or early November (also see Plate 7.7).

Table 7.4 Autumn seedling densities (seedlings/m2)of the major functional groups and major
species present in a perennial grass pasture after one year (autumn 1998) and two years
(autumn 1999) of the spring defoliation treatments.
Defoliation
Year

Functional species group
1998

1999

Plant residue (glm2)
291

Grazed

Species
1998

1999

Subclover
1101

122~~

1251

453O

Early October

5Eia

Late October

68'

Early November

58a

1115

63a

Late November

52"

1265

190b

Broadleaf weeds
113=

662

63'

Paterson's curse
Oa

Grazed

3 907

Early October

3 789

Late October

4415

487b

104~

Early November

6 237

317a

ga

~7~

Late November

4 927

39gab

118~

308~

2 275'

Annual grasses

Oa

~ 7 6 ~ 512~
150'

Annual ryegrass

19482'

4 537b

3 372

58ga

Early October

4 551'

1 958ab

2 760

1 523b

Late October

5 34gab

1 555=

3 173

752a

Early November

9 002~'

17 904'

2 629

1 750b

Late November

14 169'

20 923'

2 638

3 322'

Grazed

Vulpia
Grazed

16 0 1 4 ~

3 341'

Early October

1 727"

344a

Late October

2 176'

771

Early November

6 2 ~ 8 ~15 674'

Late November

11 350b

17 0 0 2 ~

(values within each year and species group followed by the same letter are not significantly
dlfferent when log, transformed, PC 0.05)

defoliated in early October 1997

,

~

defoliated in early October 1997.

Table 7.5 The major species or species group in the gerrninable seed bank (seedlings/m2) of a
perennial grass pasture after three years of strategic spring defoliation.

Defoliation

Grazed

Species

Germinabie
seedbank
(rn.')

Species or species
group

Annual ryegrass

3 281d

Barley grass

Germlnabie
seedbank
(m-2)
612~

Early October

2 453d

6'

Late October

1 25ZC

17'

Early November

125'

23a

Late November

714~

40'

Grazed

Vu lpia

Early October

11 026'

Subclover

697a

1 331d
18 ~ 4 ~

Late October

2 153~

538'

Early November

3 043~

720sb

Late November

9 230'

Grazed

Great brome

748'

I105~'
Naturaiised clovers

380

Early October

1 7 ~

482

Late October

gab

96

Early November

Oa

323

Late November

85

589

Grazed

Sofl brome

1037~

Paterson's curse

45

Early October

193b

45

Late October

6'

113

Early November

23'

62

Late November

317~

147

Grazed

Peppercress

221ab

Erodlum spp.

108

Early October

1026'

45

Late October

75gb0

272

Early November

771b0

34

Late November

7g8

11

(Values within each year and species group followed by the same letter are not significantly
different when logetransformed, P< 0.05)

Plate 7.4 Germinable seed bank after three years of
continuous grazing.

Plate 7.7 Germinable seed bank after three years of
mechanical defoliation in early November.

Plate 7.8 Germinable seed bank after three years of
mechanical defoliation in late November.
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7.5 Discussion
The impact of cutting on pasture composition will depend upon timing, intensity
(height), frequency and type. This study has demonstrated large effects of strategic
cutting compared with continuous grazing in spring on the vegetation dynamics of
perennial pastures. Maintaining the level of desirable pasture components (both annual
and perennial) is necessary to maintain both livestock production and a high level of
weed competition. The two perennial grasses were not adversely affected by the
cutting regimes with respect to their contribution to composition (see Chapter 6). As
they don not rely on seedling recruitment to maintain their presence in the pasture,
producing adequate amounts of seed is not a critical aspect of management for their
persistence (Hill and Virgona 1995, Virgona and Bowcher 1998). However, the
desirable annual species, subclover, does rely on seed production for recruitment.
Cutting the pasture in mid-spring each year (late October or early November)
significantly (P < 0.05) reduced the subclover seed producfion (Table 7.3) and the
number of subsequently emerging seedlings (Table 7.4). Cutting at these times
occurred during subclover flowering and seed fill (data not shown), reducing seed
production (Collins 1978). Subclover was able to regrow and produce seed when cut in
early October, although seasonal effects will impact on the leve! of regrowth.
Past experiments have demonstrated the narrow window of opportunity for
effective mechanical defoliation of broadleaf weeds such as thistles. Mowing nodding
thistle within 2 days of the first terminal heads in a plant population reaching anthesis
will eliminate germinable seed production from all mowed stalks (McCarty and Hatting
1975). McCarty and Hatting (1975) also emphasised the importance of timing the cut to
coincide with a specific stage of phenological development. Mowing later than 4 days
after anthesis produced a significant amount of germinable seed. Regrowth also
occurred from plants mowed before the first terminal heads began anthesis.
In the pasture cutting experiment reported here, cutting prior to the critical
phenological growth stage (early seed fill) of the annual weed allowed regrowth of
species such as annual ryegrass and Paterson's curse. As the annual weed regrowth
was not managed to limit seed production, significant quantities of seed entered the
seed bank. The amount of regrowth and seed produced after cutting was dependent on
species, their stage of phenological development when cut and seasonal conditions.
The timing of the cut should therefore be determined by assessing the critical
phenological stage of the target weed rather than a predetermined calendar date.
Variation in development will occur for each species depending on seasonal conditions.
Strategically timing a cut to limit seed production and seed shed will have a large
impact on emerged autumn seedlings (Table 7.4) and final seed bank (Table 7.5) of
particular annual species. In this experiment, annual grasses such as vulpia and

134
annual ryegrass were substantially reduced as components of the pasture when cutting
occurred during early (milky) seed fill. As seed was removed prior to it entering the soil
seed bank, these annual grasses were reliant on their seed banks for future
emergence. Vulpia seeds are intolerant of burial and will germinate from seed present
on the soil surface of at 10 mm depth in the soil (Wallace 1998). Thus their level of
persistence in and recruitment from the soil seed bank is low. Peart (1989)
demonstrated that approximately 97% of vuipja arises from seed that fell the previous
season and Peltzer and Matson (2002) showed that only a small proportion of annual
ryegrass seed can persist for three years. Removal of vulpia or annual ryegrass prior to
seed shed and at a time which limits regrowth, could be successfully implemented into
a weed management program that aims to minimise the time taken to develop
herbicide resistance or if resistant ecotypes already exist.
The success of seed bank manipulation will in part be determined by the
longevity of existing seed in the soil and the depth from which these seeds are able to
germinate and emerge. Seed banks can only be reduced if more seed Is removed
(mortality, predation, emergence or mechanical harvesting) than added. If reducing
seed rain does not substantially reduce seedling emergence in the following autumn,
then other methods of rapid seed bank reduction or decreasing seedling vigor must
also be investigated. This may include methods of breaking seed dormancy (such as
soil disturbance to encourage germination) or increasing seed mortality in the soil.
A large reduction in Paterson's curse seed production and seedling emergence
via grazing or cutting in early November did not produce a significant difference (P <
0.05) between the seed banks of the treatments after three years (Table 7.5). This

could be due to the longevity of seed in the soil and therefore it is likely that three years
was not sufficient time to reduce the existing seed bank. Seed viability in the laboratory
has been predicted to be at least 6.5 years (Piggin 1976) and there are estimates that it
could be greater than 10 years in the field (Piggin and Sheppard 1995).
The results from this experiment do indicate that a single strategic spring cut to
reduce weed seed rain could be successfully used on a pasture as a weed
management tool. The tactic would seem to be most suited to pastures dominated by
desirable perennial and annual species and showing preliminary signs of invasion by
annual grasses or broadleaf weeds. Despite these results, the research does not
determine how long the effect will last with respect to the maintenance of desirable
pasture composition.
The research presented has demonstrated that an improved understanding of
pasture population dynamics (including phenological development) will contribute to
targeting the most appropriate time and method of weed reduction. Depending on the
target weed species, the availability of other complementary or existing options for
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weed control and the economic viability of cutting, mechanical defoliation could be
successfully included in an integrated weed management program. With the rapid rise
in herbicide resistance in Australia (Broster et al. 1998), the impact and 'fine-tuning' of
alternative weed management techniques will certainly be required.

Chapter 8
G e n e r a l Discussion
T h e inclusion of perennial pastures in the farming systems of southern NSW will
not only address land degradation issues such as soil acidity, salinity and erosion but
also provide opportunities for managing weeds. Past research has demonstrated dry
matter suppression of variegated thistle (Michael 1968) and skeleton weed (Wells
1969) b y phalaris and lucerne, and reduced vulpia in subcloverlphalaris pastures (Leys

and Dowling 1992, Leys et al. 1993). However, research in this thesis has clearly
demonstrated that perennial species in pastures can not be relied upon as an effective
weed management tactic as perennial competition alone allowed significant quantities
of annual weed seeds to enter the seed bank. In a review of weed management in
pastures, Kemp (1996) emphasised that management should consist of a number of
tactics and that its success wouid be due to the cumulative impacts of these tactics.
There are strategic management opportunities that can be used to improve the ability
of desirable pasture species successfuily compete against annual weeds. These may
include manipulating soil fertility (Armstrong et a/. 1993, King and Priest 1999) and
strategic grazing (eg Virgona et a/. 2000). Ideally, long-term paddock management
should benefit the desirable species and limit the opportunities for weeds to invade.
The choice and timing of the management strategies (including species sown,
intensity and type of defoliation, application of herbicide and fertiliser) will be influenced
b y the weed species that are present and their densities. The regional pasture survey
of southern NSW (Chapter 3) has shown that composition is dominated by undesirable
annual species, particularly annual grasses such as vulpia and annual ryegrass.
Pastures in t h e region rarely contained sown perennial species at desirable levels. This
could b e due to a combination of management decisions such as whether or not
perennial species were sown, sowing technique, pasture selection and grazing and
environmental influences including periods of moisture stress. it can be concluded from
the survey that in general, pastures in the region are managed as relatively low input
systems, contain large numbers of unsown species and that perennial species are not
commonly sown. It is also clear that under the majority of current pasture management
regimes, the weeds are and will remain a major component of the botanical
composition. The seed bank study of the surveyed pastures also illustrated the
presence of 'sleeper' weeds or potential weed problems when and if environment or
management permit. Some of these weeds, such as Paterson's curse, can remain
viable or dormant in the soil for many years (Piggin and Sheppard 1995). This makes
short-term weed reduction difficult to achieve but improves the long-term weed
management of such broadleaf species. AS a result, Kemp @f 01. (1999) suggested that

weed management strategies should not focus on seed bank elimination but on 'weedproofing' pastures through management.
There is little that can be done to change the environmental conditions that can
affect pasture composition but much can be achieved through management. Sowing a
competitive pasture is one management option that can help to suppress weeds. The
pasture survey (Chapter 3) demonstrated the diversity of species in the region.
However ail of these species can be allocated to three functional groups, namely grass,
legume or broadleaf which in turn occupy pasture niches. Sowing a selection of
desirable perennial species that represent each of these functional groups may be one
tactic that can improve annual weed suppression. But does increased diversity mean a
more competitive pasture? The results show that the diversity of perennial species
sown will have little effect on competitive ability if the appropriate species are not
selected (Chapter 4). This results from large differences in resource capture and
utilisation by the perennial species when grown in mono, binary or tertiary mixtures.
This in turn may call into question the whole notion of functional groups which may be
appropriate with respect to adoption and use but clearly had little to do with competitive
outcomes. Although only one species was chosen to represent each functional group,
in the experiments detailed in Chapters 4 and 5, (the experiment would have been too
large if other species had been included), the results emphasise the importance of
selecting a sown species for specific qualities eg nitrogen fixing ability, early vigour,
effective resource use, competitive ability against weeds. It would therefore seem
unwise to form generalisations about competitive ability from a single species in a
functional group and instead determine the functional characteristics of successfui
competitors with respect to desirable pasture species. In their study of invasibility of a
limestone grassland, Burke and Grime (1996) also emphasised the importance of
determining both the functional characteristics of successful invaders and the
characteristics of a plant community that make it susceptible to weed invasion.
Strong perennial competition from species such as phalaris and chicory can
reduce the availability of nutrients and light (Chapter 5) and limit both dry matter and
seed production of annual species (Chapter 4). However, the research has
demonstrated that even with strong competition from perennial species, annual weeds
such as vulpia have a number of characteristics that make them successful competitors
in perennial pastures (including the ability to capture nitrogen and maintain high
fecundity). To sustain their presence in a pasture, annuals rely on seed production for
seedling recruitment. Therefore reducing the amount of weed seed entering the soil
seed bank should be a key objective of any annual weed management plan.
Competitive perennial pastures should be used in association with other weed
management tactics such as improved soil fertility, herbicide application and strategic

defoliation. When defoliation targets the reproductive phase of the annual weed, seed
rain is reduced and large changes to pasture composition occur (Chapters 6 and 7).
The application of sub-lethal rates of non-selective herbicides (or 'spray
topping') to grasses during anthesis will prevent viable weed seed production and is
considered to be a useful pasture management tool (Wallace 1998). However Panetta
et a/. (1993) and Edwards et al. (1996) have stressed that the effecls of other pasture
management strategies such as defoliation with respect to competition between
desirable and undesirable pasture components is an aspect of vegetation dynamics
that has been neglected by current research. The changes to botanical composition
described in Chapter 6 were a direct result of cutting weeds at critical stages of
phenological development and reducing seed entry into the soil seedbank (Chapter 7).
Vulpia, (an effective scavenger for nitrogen as shown in Chapter 5), annual ryegrass
and Paterson's curse can all produce large quantities of seed in a perennial pasture
(Chapter 4) but their seed production and contribution to composition can be greatly
reduced by cutting during the early stages of seed fill (Chapters 6 and 7).

A reduction in annual weed seed rain due to cutting relies primarily on timing
and target species selection. If integrated with other methods of pasture manipulation
(such as herbicide application, improved soil fertility and grazing management), there
will be significant impacts on weed densities. One aspect of pasture cutting not
measured during this research was the viability of seed removed in the cut material.
Removal of weed seeds via silage or hay production could potentially transfer a weed
problem from one area to another. The viability of the seed produced by weed regrowth
and that present in silage or hay is an area that requires further research. This will
determine if the seed has the potential to contribute to a future weed invasion.
if a pasture is to resist weed invasion, then the effects of management on the
desirable pasture species must also be considered. This research has documented an
increase in subclover content when the spring cut was commensurate with silage
making (eariy October) in the region (Chapter 6). Spring pasture cutting for two
consecutive years had no significant effect on the perennial grass component but lower
phalaris tiller densities were recorded if cutting occurred during stem elongation or
eariy ear emergence. Current recommendations for the management of phalaris
pastures warn of reduced phalaris persistence if defoliation occurs regularly at this time
(Culvenor 1994). Hence a sustainable pasture management plan will need to include
complementary strategies that favour phalaris persistence. Sown perennial pastures
can also suppress summer germinating weeds. The presence of competitive perennial
pasture species (Chapter 4) or cutting pasture in early October or late November
(Chapter 6) can substantially reduce summer weeds such as hairy panic. These
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findings highlighted the importance of integrating weed management techniques in
pastures to maximise resilience of pastures to both summer and winter weed invasion.
The integration of various cultural weed control methods with strategic herbicide
use has become an important consideration in Australian farming systems as southern
Australia now has one of the worst incidences of herbicide resistance in the world
(Sindel 2000). An improved understanding of pasture competition and disturbance and
their effect on composition and weed burdens should lead to increased knowledge and
utilisation of effective, non-chemical methods of weed control within a permanent or ley
pasture ecosystem.
An important aspect of weed management is the identification of the target
weed species and subsequent planning to reduce the negative impacts that are
associated with their presence in a pasture. Kemp ef a/. (1999) suggested that effective
monitoring of pasture status for warning signs (indicator species) and more subtle use
of management tactics as key components in sustainable management. In short,
pasture management should be pro-active rather than reactive with respect to
composition.
Although perennial pastures can provide a number of benefits to farming
systems, including alleviating problems associated with soil and land degradation or
providing a nitrogen source and disease break, they are comparatively rare in southern
NSW. The reasons for the generally low adoption of perennial pastures in southern
Australia (Ward and Quigley 1992 report re-sowing rates in the higher rainfall areas of
Victoria are less than 2%) may be due in part to the perception that pastures only offer
benefits to the livestock enterprise. Thus pasture inputs will be reflected by livestock
returns. The economic benefits of perennial pastures to whole farm productivity
inciuding weed management need to be fully established by researchers and
economists and these results extended to producers. Scott eta/. (2000) report that for
both native and sown pastures, the most profitable pastures are those that can sustain
increased stocking rates for long periods without the need for re-sowing. Therefore,
adopting pasture management practices that maintain a desirable composition will be
essential to realise the economic benefits of pastures.
Future research will need to focus upon identifying the cause of pasture decline.
This should include the implications of various pasture management strategies on
pasture population dynamics. Research needs to address how best to optimise the
effects of existing pasture weed management techniques in an integrated manner.
Although various methods of seed bank decline can be utiiised to reduce future weed
burdens, this research has found that an Improved understanding the reproductive
biology of the weed could provide substantial gains in terms of weed confrol using nonherbicide techniques. Such an approach enables a more effective and strategic
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targeting of a weed with a chosen control strategy. However, if effective weed
management is to occur in a pasture, then the impact of management on the
population dynamics of the desirable species will also require consideration.
A decline in sown pasture species due to the misuse of a management tool will
only increase the likelihood of rapid weed invasion and certain loss of a productive
pasture. This research may also indicate with respect to management, why the region's
pastures are frequently dominated by the undesirable species vulpia (Chapter 3). The
district practice of hay making during early November (A.Kaiser pers, comm.) would
favour the presence of vulpia in pastures as the results reported here have clearly
shown that in early November vulpia has set and shed seed (Chapters 6 and 7). At this
time, desirable species such as phalaris or subclover would also be cut at a less
favourable stage of development (Chapter 7), potentially beading to a decline in their
contribution to composition. Early silage cutting in contrast to hay production would not
favour vulpia seed set and would aid in reducing the contribution of vulpia to the
pasture. Understanding the population dynamics of temperate pastures and the effect
of management will no doubt improve the use of existing weed management strategies
and provide new tactics that can be utilised in farming systems.
This thesis has clearly demonstrated some of the potential strategies of
managing perennial pastures in southern NSW farming systems for weed control.
However, when choosing to sow a perennial pasture it should not be done in the hope
that the perennial species will provide a definitive barrier to annual weed invasion. The
annual weeds present in a perennial pasture will be most effectively controlled if they
are targeted and managed strategically. To achieve this, pastures must be managed
proactively and in an integrated manner so that a desirable and competitive
composition is maintained.
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13

14
15
16
17
18
26
27
28
29
30
31
32
33
34
35
36
43
44
45
46
47

4.59
4.56
4.77
4.92
5.10
5.07
5.08
5.70
5.08
4.47

4.25
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5.35

4.33
4.29
4.47
4.37
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5
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north
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north
north
north
north
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north
north
north
north
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north
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0.22
0.23
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4.96
5.08
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4.52
5.85
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pH
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(calcium
chloride)

12
3
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11
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10
8
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9
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9
8
18
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5

8

3
1
7
9
5
3
2
4
6
4
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(Olsen)
0.04
0.02
0.26
0.33
0.01
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0.01
0.46
0.51
0.35
0.38
0.22
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0.43
0.01
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0.00
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0.23
0.29
0.14
0.07
0.02
0.02
0.05
0.02
0.04
0.51

Al

0.29
0.04
0.04
0.07
0.76
0.06
0.49
0.02
0.04
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0.03
0.03
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0.05
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0.07
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0.02
0.03

Na
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0.17
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0.12
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0.36
0.06
0.39
0.15
0.19
0.13
0.15
0.22
0.19
0.20
0.20
0.24
0.12
0.13
0.07

Mn

Appendix 7: Analysis of soils (0 to 10 cm) collected from pasture survey in 1996.
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Site No. Elevation Longitude Latitude January February

i) Predicted rainfall (mrn)
March

Appendix 2: Predicted climatic data for the ESOCLIM model.
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Appendix 3: Species recorded during the pasture survey in 1996.
Famlly name
Aplaceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Boraginaceae
Boraglnaceae
Brasslcaceae
Brasslcaceae
Campanulaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Chenooodlaceae
~onvoivuiaceae
Convulvulaceaa
Crassulaceae
Crassulaceae
Cyperaceae
Droceraceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fumarlaceae
Fumarlaceae
Gentlanaceae
Geranlaceae
Geranlaceae
Geranlaceae
Haloragaceae
I-lyperlcaceae
Juncaceae
Juncaceae
Lamiaceae
Lamiaceae
Llliaceae
Lythraceae
Malvaoeae
Onagraceae
Oxalldaceae
Papaveraceae
Papaveraceae

Spoclos group'
pb
ab

Common name
Black thistle
Capeweed
Flatweed
Flaxleaf fleabane
Hawk bit (hairy)
Japanese cudweed
Jersey cudweed
Mllk thistle
Prickley lettuce
Prlckley sow thistle
Saffron thistle
Skeleton weed
Smooth catsear
Spoon cudweed
Thistle
Thistle
Unknown nalive dalsy
Unknown native dalsy
Variegated thlstle
Corn gromwell
Paterson's curse
Indian hedge mustard
Shepherd's purse
Tufted bluebell
Chickweed
Erect chlckweed
Mouse ear chlckweed
Sand spurry
Green crumbweed
Kidney weed
Auslrallan bindweed
Auslrallan stonecrop
Dense stone crop
Common bog rush
Pale sundew
Balsnsa clover
Barrel medlc
Burrr medic
Cluster clover
Harasfoot clover
Hop clover
Knotted clover
Lucerne
Narrow leaf clover
Noddlng clover
Spotted-leaf rnedlc
Subclover
Suckling clover
White clover
Woolley medlc
Woolly clover
Fumltory (broadleaf, pink)
Fumitory (wall fumltory)
Australian centuary
Blue storks blll
Common storks blll
Long storksblll
Rasp wort
Small wort
Toadrush
Tussock rush
Horehound
Wild sage
Nodding chocolate Illy
Loose strife
Red flowered mallow
Willow herb
Oxalls (creeping)
Rough POPPY
Small flower opium poppy

Sclentlflc namo
Eryngium spp
Clrsium vuloare
Arctotheca ialendula
Hypochoeiis radicala
Conyza bonariensls
Leontodon teraxacoidas
Gnaohalium sohaericum
Sonchu; o;eraceus
Lacluca serrloia
Sonchus asper
Carlhamus tinclorius
Chondrllla iuncea
~ypochoe2sglabra
Sluariina mueilerl

Sflybum marianum
Llfhospermum an/ense
Echlum planlagineum
Sisymbrium offlcinaia
Capsella bursa-pasforis
Wahlanbergia communis
Stellaria media
Moenchla erecla
Cerasliirm glomeralum
Spergula rubra
Chenopoditrm carlnall~m
Dlchondra repens
Convolvulus erubescens
Crassula sieberana
Crassula colorala
Schoenus apogon
Drosera pellala
Triloli~~m
bolansae
Medicago truncatula
Medicago polymorpha
Trifoiilm giomerstum
Trlfoiium avsnse
Trifollum campeslre
Trifoliurn sfriatom
Madlcago saliva
Trifollilrm anuustlfoilum
Trifoilum ce~nuum
Medicago arabica
Trifolium subtarraneum
Trifollrrm drrblum
Trifolium rewens
~edicago
minima
Triloiium lomenlosum
Fumarle densiflora
Fumaria muralis
Centalrrlum splcalum
Erodil~mcrinitum
Erodium cicularium
E r o d i ~ ~botrys
m
Haloragis spp.
Hypericlrm gramlneum
Juncus birfonlus
Juncus aridicola
Marrubium vulgare
Salvla verbeneca
D1cl1o~o~on
limbrialus

Oxalis cornlcuiala
Papaver hybrldum
Papavsr somniferum

Poaceae
Poaceae
Poaceae
Poacaae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceaa
Poaceae
Poaceae
Poaceae
Poaceae
Poaceaa
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poacaae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Polygonaceae
Polygonaceae
Polygonaceae
Rosaceee
Unknown
Unknown
Unknown broadleaf

ag
ag
ag
ag
P9
PS
PS
ag
PS
ag
ag
ag
ag
ag
PS
PS
PS
ag
ag
ag
ag
PS
ag
PS
Pg
ag
PS
pb
ab
ab
ab

Annual ryegrass
Barley (volunteer)
Barley grass
Black oats
Brush wiregrass
Cocksfoot
Couch
Cultivated oats
Danthonla
Eragroslls
Greal brome
Hairy panic
Kentucky bluegrass
Lesser quaking grass
Paradoxa grass
Paspalurn
Phalaris
Red grass
Rigid panic
Silvery hair grass
Sofl brorne
Stlpa
Sweet vernal
Unknown grass
Unknown grass
Vulpia spp
Waeplng grass
Windmill grass
Winter grass
Yorkshire log
Dock
Sorrel
Wire weed

Loiium rigidum
Hordeum vuigare
Hordeum glaucum
Avena spp.
Arislida behriana
Daclylis giornerala
Cynodon declylon
Avena sativa
Auslrodanfhonia spp.
Eragrostis spp.
Bromus diandrus
Panicum effusum
Poa pratensis
Briza minor
Phalaris paradoxa
Paspalr~mdilalall~m
Plralaris aquatica
Bothriochioa decipiens
Panicum prolulum
Aira cupanlana
Bromus moliis
Slipa spp.
Anthoxanlhum odoralum
Vulpia
Microlaena spp.
Chloris truncala
Poa annua
Holcus lanalus
Rumex spp.
Acelosella vulgaris
Poiygonum aviculare
PolenfNia recta

('Species group: ab = annual broadleaf: ag = annual grass; al = annual legume; an = annual narrowleaf; pb = perennial broadleaf;
pg =perennial grass)
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Appendix 4: Species recorded in the germinable seed bank of the surveyed pastures.
Family name
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asleraceae
Asteraceae
Asteraceae
Asteraceae
Boraginaceae
Boraginaceae
Brassicaceae
Brasslcaceae
Campanulaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyliaceae
Chenopodlaceae
Convolvulaceae
Crassulaceae
Oroseraceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fumarlaceae
Geraniaceae
Geranlaceae
Hypericaceae
Hypericaceae
lridacaae
Juncaceae
Lythraceae
Malvaceae
Onagraceae
Oxalidaceae
Papaveraceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Polygonaceae
Poiygonaceae

Specles group'
ab
ab
ab
pb
pb
ab
ab
ab
ah
pb
ab
ab
ab
ab
ab
ab
ab
pb
ab
ab
ab
ab
ab
pb
ab
pb
al
al
al
al
al
al
al
al
al
a1
al
PI
ab
ah
ab
pb
pb
an
an
ab
pb
pb
pb
ab
ag
ag
ag
PS
ag
ag
ag
ag
ag
PS
ag
ag
ag
ag
P9
Pg
ag
ag
PS
pb
ab

Common name
Bathurst burr
Capeweed
Carrot weed
Flatweed
Flaxleaf fleabane
Japanese cudweed
Jersey cudweed
Milk thistle
Saffron thistle
Skeleton weed
Smooth catsear
Spoon cudwaed
Thistle spp.
Heliotrope
Paterson's Curse
Indian hedge mustard
Shepherd's purse
Tufted bluebell
Chickweed
Erect chick weed
Four-leaf all seed
Mouse ear chickweed
Clammy goosefoot
Kidney weed
AustralIan stonecrop
Pale sundew
Barrel Medic
Burrr Medic
Cluster Clover
Haresfoot clover
Hop Clover
Knotted clover
Nodding clover
Small leaf burr medlc
Spotted-leaf medlc
Subclover
Suckling clover
White clover
Fumltory
Common storks bill
Long storksblll
Small St Johns wort
St John's wort
Onion grass
Toadrush
Loose strife
Red flowered mallow
Willow herb
Oxalls (creeping)
Rough Poppy
Annual Ryegrass
Barley Grass
Black Oats
Cocksfoot
Eragrostis
Great Brome
Hairy panic
Lesser quaking grass
Paradoxa grass
Phalaris
Quaking grass
Setarla
Silvery hair grass
Sofi Brome
Stlpa
Sweet vernal
Vulpla
Winter grass
'forkshire Fog
Dock
Sorrel

Sclentiflc name
Xanlhium spinosum
Arclolheca, calendula
Colula austmiis
Hypochoeris radlcala
Conyza bonariensis
Gnaphaiium sphaericum
Pseudognaphalium
Sonchus oleraceus
Carthamus tinclorius
Chondrliialuncea
Hypochoaris glabra
Sluarllna muelieri
(Unidentined)
Heiiolroplum eumpaeum
Echium pianlagineum
Slsymbrium officinaie
Capsella bursa-pasloris
Wahienbergia communis
Slellaria media
Moenchia erecla
Poiycarpon lelraphylium
Ceraslium giomaralum
Chenopodium pumiiio
Dichondra repens
Crassula sieberana
Drosera psilala
Medicago lruncal~fla
Medicago poiymorpha
Tr. giomeralum
Tr. arvense
Tr campesfre
Tr. slrlalum
Triiolium cernuum
Medicego prwacox
Medicago arabica
Trifoiil~rnsublarraneum
Tr. dubium
Tr. repens
Fumaria muralis; densifiora
Emdium clcularium
Erodlum bolrys
Hypericum gramineum
Hypericum pen'oralum
Romuiea msea (L.) Eckl, var. auslralis (Ewaii) de Vos
Juncus bufonlus
Lylhrum hyssopifoila
Modioia camilniana
Epilobium hlrligarurn
Oxalis cornicuiala
Papaver hybridum
Lolium rigldum
Hordeum glaucum
Avena spp.
Dacfylis giomerala
Eragroslis spp
Bromus diandrus
Panlcum effusum
Briza minor
Pl~alarlsparadoxa
Phalarls aquallca
Brlza maxima
Setaria spp.
Aira cupanlana
Bromus mollis
Slipa spp.
Anlhoxanlhum odoralum
Vulpia spp.
Poa annua
Hoicus ianalus
Rumex spp.
Aceloselia vulgaris

Polygonaceae
Primulaceae
Ranunculaceae
Rosaceae

ab
ab
ab
ab

Wire weed
Pimpernel
Sharp buttercup
Parsley piert

Polygoni~maviculare
Anagallls aivensis
Ranu~lculusmuricalus
Aphanes afvensis

(*Species group: ab =annual broadleaf: ag = annual grass; al= annual legume; an = annual narrowleaf: pb = perennial broadleal:
pg = perennial grass)
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Appendix 5a Phenologicai development of Paterson's curse during spring 1997, 1998 and 1999
for a) continuous grazing and mechanical defoliation in b) early October, c) late October, d)
early November and e) late November. (See Table 7.2 for legend of phenological stages)
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Appendix 5b Phenological development of vulpia during spring 1997, 1998 and 1999 for a)
continuous grazing and mechanical defoliation in b) early October, c) late October, d) early
November and e) late November. (See Table 7.1 for legend of phenological stages)
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Appendix 5c Phenological development of annual ryegrass during spring 1997, 1998 and 1999
for a) continuous grazing and mechanical defoliation in b) early October, c) late October, d)
early November and e) late November. (See Table 7.1 for legend of phenoiogical stages)
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Appendix 5e Phenological development of cocksfoot during spring 1997, 1998 and 1999 for a)
continuous grazing and mechanical defoliation in b) early October, c) late October, d) early
November and e) late November. (See Table 7.1 for legend of phenological stages)
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