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Part 1 - Introduction to Native Grasses 
Introduction
Native grasses can be found in all regions of the State. They exist in most of the vegetation associations in SA, including native grasslands, where they are the dominant vegetation, and grassy woodlands, where they form a significant component of the biota.

Native grasslands and grassy woodlands were once widespread throughout SA, however grazing and clearance for agriculture and urban development has severely reduced the extent of these vegetation communities. Of the original temperate grasslands and grassy woodlands in SA, less than 1% remains intact.

These Technical Notes focus on the use of native grasses in road verges and other transport corridor landscape treatments in a South Australian context.  They are divided into five parts:
· Part 1 – Introduction to Native Grasses
· Part 2 – Native Grass Species in SA contains an overview of native grasses in South Australia and a list of common species, their distribution and provenance
· Part 3 – Native Grass Use in SA details the environmental requirements and uses of common species of native grass
· Part 4 – Native Grass Seed in SA contains information on the supply, purchase, harvesting, and storage of native grass seed

· Part 5 – Native Grass for New Verges, Cuts and Fills details establishment and management strategies for utilising native grasses after construction, to combat soil erosion & control weeds in these situations
· Part 6 – Native Grass for Weedy Areas details establishment and management strategies for utilising native grasses on verges with degraded vegetation to displace weeds with more appropriate vegetation.
Although much research has been undertaken in the south-eastern states of Australia to develop an understanding of how Australian native grasses grow, we need to understand how native grasses perform under local conditions in South Australia and to evaluate their suitability for commercial use.

The majority of the information contained in these Technical Notes has been drawn from trials to establish native grasses using direct seeding methods that have been funded by the Department.

These trials have been conducted since 1998 for the purpose of determining methodologies appropriate for the establishment of native grasses over a range of sites and conditions within South Australia.

The immediate objective of these trials is to evaluate strategies and techniques by which native grasses might be established, to satisfy both short and long term requirements of road construction and maintenance programs. 
Ecology of grasslands
A balance of three major processes influences the ecology of grasslands and grassy woodlands.

These influences are discussed below. It should be noted that many of the biological and chemical processes affecting the growth and relative vigour of native grasses are not fully understood and the discussion of these processes is based on limited observation of remnant populations and individual interpretations of recent trials results.

Nutrient Status
The use of chemical and organic fertilisers in agricultural regions to increase crop production in agricultural areas has significantly raised the ability of the soil to sustain exotic pasture grasses at the expense of native species.

An assessment of the nutrient status of the soil is necessary before attempting to re-establish or introduce native grasses on a site. An appraisal of the vegetation currently growing on the site can give a reliable indication of soil nutrient levels.  A declining population of introduced exotic grasses and weeds could be an indication that soil nutrients, particularly nitrogen, are returning to previously lower levels.

A depleted level of nutrients could be expected once fertilizer applications have been discontinued and grazing has ceased on the land for a period of 15 to 25 years. (Phosphorus is much slower to deplete and raised levels may persist indefinitely, particularly in clay loams, unless removed by cropping.)  After this time native grasses might be found recolonising the better drained areas particularly on higher ground.

Moisture
While the amount of rainfall received in an area is important, the behaviour of water once it hits the ground is often a major factor in determining the type of groundcover vegetation present.

Native perennial grasses with deep fibrous root systems can increase the rate of infiltration of water into the soil and improve aeration of the topsoil.

As native grasses are displaced, annual broadleaf weeds may become the dominant ground cover.  When this happens the drainage function of the perennial grasses is no longer effective. A new ecosystem based on the retention of moisture and nutrients in the topsoil can then develop and increase the dominance of weed species.

Many native grasses not only seem to prefer well-drained sites but they appear to have the ability to improve soil drainage and so create and maintain their preferred environment. Introduced exotic grasses can have a role in initiating this drainage process if they can be easily removed later without undue harm to the native grass species.

Although there are many influences that may modify the above trends, with specific combinations of soil texture and structure, nutrient balances, rainfall patterns, evaporation, groundwater and competition creating many unique scenarios, a major focus in re-establishing native grasses should be on the soil, and how best to restore it to a condition favourable to the culture of suitable native grass species.

Fire Regime
Controlled burns, used to promote and maintain a game-rich grassland environment, and wildfires ignited by lightning strikes, were a common occurrence prior to European settlement. 
The emergence of extensive grasslands and open grassy woodlands in Australia was heavily influenced by the regular use or occurrence of fires.

Fire restrictions, urban and rural development and clean air regulations severely limit the use of fire as a management tool in many areas today.  As a result, the incidence of native woody plants and weed species has increased quite significantly.

It has been a long-standing practice of the local Country Fire Authority in Western Victoria south of the Grampians to burn road reserves each summer. This practice has had a dramatic affect on roadside vegetation. Phalaris, which dominates the narrow unburnt road verges, is conspicuous by its absence in the regularly burnt areas. As a result Themeda and Danthonia have re-established, making colourful vistas along many kilometres of roadsides, with vastly improved biodiversity values and much lower fuel loads.

A better understanding of the beneficial role of fire in respect to native grasses will assist in their propagation and management.

The three major influences discussed above have relevance to most native grass species and establishment scenarios. They are further discussed, where appropriate, throughout this series of Technical Notes.
Part 2 - Native Grass Species in SA
South Australia has a number of vegetation regions each with their local climate and geological features and all these regions support the growth of native grasses. Patches of native grass often survive in paddocks or on roadsides throughout the state, where they may be all that remains of the former vegetation community.

Ongoing research into the taxonomy of native plants sometimes results in changes to the botanical name of a plant.

For the purpose of these notes the names used here are those as defined in the Australian Plant Names Index (Australian National Botanic Gardens - https://www.anbg.gov.au/apni/). 
Although there are a number of plants that are referred to as grasses, for the purpose of these Technical Notes only those belonging to the Gramineae family are discussed.

Much of the research undertaken on native grasses in South Australia has centred on the grasslands of the Mid-North (undertaken primarily by the SA Temperate Grasslands Group) and the grassy woodlands of the Mt Lofty Ranges (undertaken primarily by the Native Grasses Resources Group).

Contact details for these groups are listed in Appendix A.
Common species
Native grasses are part of most vegetation associations and were the dominant vegetation of the grasslands that were once common throughout the Mid-North of South Australia.

Some of the common native grasses found in the Mid-North of SA include:

Aristida behriana
Brush Wire Grass

Chloris truncata
Windmill Grass

Cymbopogon ambiguus
Lemon Grass

Austrodanthonia spp.
Wallaby Grasses

Enneapogon nigricans
Black-Head Grass

Austrostipa spp.
Spear Grasses

Themeda triandra
Kangaroo Grass

Native grasses were also a major component of the grassy woodlands that were a common vegetation type of the Adelaide Plains and Mount Lofty Ranges.

Some of the common native grasses found in the Mount Lofty Ranges of SA include:

Aristida behriana



      Brush Wire Grass

Chloris truncata
Windmill Grass

Austrodanthonia spp.
Wallaby Grasses

Enneapogon nigricans
Black-Head Grass

Microlaena stipoides
Weeping Rice Grass

Austrostipa spp.
Spear Grasses

Themeda triandra
Kangaroo Grass

Poa spp.
Tussock Grasses

Characteristics
Developing the ability to survive under variable environmental conditions has meant that some native grasses have developed unique environmental and growth characteristics. Understanding these characteristics and applying this knowledge to fulfil a range of requirements associated with the construction and management of transport corridors forms the basis for these Technical Notes.

C3 & C4 Carbon pathways
The terms C3 and C4 refer to aspects of carbon fixation during photosynthesis. All species possess the conventional and more basic C3 pathway. The additional C4 pathway evolved in those species with the potential for a bundle sheath (Kranz) anatomy with cells containing chloroplasts and mesophyll-chloroplast cells.

The result of these differences is that C4 plants are generally better adapted to high temperatures, high light intensities and low (<50ppm) CO2 concentrations than are C3 plants.

Perennial, native C3 grasses are generally recognised as winter growing or cool season grasses.
Many C3 grasses are frost tolerant and so remain green in the winter, although their major growth period may be in the warmer months, particularly spring, when sufficient soil moisture is still available.

Perennial, native grasses with the C4 carbon pathway are generally dormant in the winter and are often susceptible to frost. These species are recognized as summer growing or warm season grasses.

Carbon pathway of common native grass species
C4 – Warm season
Aristida sp.
Wire Grass

Themeda triandra
Kangaroo Grass

Enneapogon nigricans
Black-Head Grass

Chloris truncata
Windmill Grass

C3 – Cool season
Austrodanthonia caespitosa
Common Wallaby Grass

Austrodanthonia linkii
Leafy Wallaby Grass

Microlaena stipoides
Weeping Rice Grass

Poa spp.
Tussock Grasses

Austrostipa spp.
Spear Grasses

Herbicide tolerance
Knowledge of the carbon pathway of a grass is useful when assessing the tolerance of a plant to a translocated herbicide (such as glyphosate) that may be used to control winter growing weeds.

Plants classified as C4 species are generally regarded as being more tolerant to these herbicides, in their dormant stage, than C3 species.  

However, a species tolerance to a particular herbicide will depend on the time of year and the rate at which it is applied. During periods of dormancy a species may be more tolerant to some herbicides than at other times of the year.

Refer to the relevant Species Note for further information on a particular grass species' tolerance to herbicides.

Habitat/ growth requirements
Listed below are common native grass species, their preferred habitats, flowering times, growth period and the SA Botanical regions in which they can be found. The information on habitat requirements is by no means complete.

Aristida behriana
Habitat: Grasslands and open woodlands, prefers sunny positions although this grass is adaptable to most positions and soil types.

Flowering: Spring, autumn.

Growth period/ carbon pathway: Warm season C4
Botanical regions: GT, FR, EA, EP, NL, MU, YP, SL

Austrodanthonia caespitosa
Habitat: Widespread and persistent on undisturbed ground. Prefers sunny positions and well drained soils. Found in the mallee, Mount Lofty Ranges and foothills - also in wasteland, on roadsides and in the suburbs.

Flowering: Mainly spring

Growth period/ carbon pathway: Cool to warm season C3
Botanical regions: NW, NU, GT, FR, EA, EP, NL, MU, YP, SL, KI, SE.

Austrodanthonia geniculata
Habitat: Coastal locations and near coastal areas in open forest. Needs exposure to some sun and requires good soil drainage.

Flowering: August - December

Growth period/ carbon pathway: Cool to warm season C3
Botanical regions: FR, EP, MU, SL, KI, SE

Austrodanthonia linkii
Habitat: Deep alluvial soils in low lying areas - found in heavy, black clays and in temperate and sub tropical regions. This Austrodanthonia species is unusual in its habitat requirements.

Flowering: Nov - March

Growth period/ carbon pathway: Cool season C3
Botanical regions: NL, SL, SE.

Austrodanthonia racemosa
Habitat: Widespread common grass of open forests. Requires sunny position in well drained soil.

Flowering: October - February

Growth period/ carbon pathway: Cool to warm season C3
Botanical regions: NU, FR, EP, NL, MU, SL, KI, SE

Austrostipa elegantissima
Habitat: Widespread in drier areas, often on clay soils and alkaline soils in mallee, chenopod shrubland and woodland. Often reduced by grazing unless protected by woody plants.

Flowering: Mainly September - November

Growth period/ carbon pathway: Cool to warm season C3
Botanical regions: NU, FR, EA, EP, NL, MU, YP, SL, KI

Austrostipa nitida
Habitat: Variable, often in woodlands and open forest.

Flowering: July - December

Growth period/ carbon pathway: Cool to warm season C3
Botanical regions: NW, LE, NU, GT, FR, EA, EP, NL, MU, YP, SL, KI, SE

Austrostipa nodosa
Habitat: Widespread in the mallee, Mount Lofty Ranges and foothills – colonises disturbed land.

Flowering: Mainly Spring

Growth period/ carbon pathway: Cool to warm season C3
Botanical regions: LE, GT, FR, EA, EP, NL, MU, YP, SL, KI, SE

Austrostipa scabra
Habitat: Shallow soils of higher ground.

Flowering: Mainly August - October

Growth period/ carbon pathway: Cool to warm season C3
Botanical regions: NW, FR, EA, EP, SL,

Chloris truncata
Habitat: Widespread in mallee, Mount Lofty Ranges and foothills – found in the suburbs and wastelands, common along roadsides.

Flowering: Spring to Autumn

Growth period/ carbon pathway: Warm season C4
Botanical regions: LE, EA, EP, MU, YP, SL, SE

Cymbopogon ambiguus
Habitat: Mallee, Mount Lofty Ranges and foothills – found on roadsides and in areas of native vegetation. Widespread in shallow, rocky soils, needs sunny position in well-drained soil.

Flowering: Spring and autumn

Growth period/ carbon pathway: Warm season C4
Botanical regions: NW, LE, GT, FR, EA, EP, NL, MU, SL

Dicantheum sericeum
Habitat: Prefers heavier soils in grasslands and woodlands. Likes areas with extra moisture such as roadsides.

Flowering: Spring and summer

Growth period/ carbon pathway: Warm season C4
Botanical regions: NW, LE, NU,GT, FR, EA, EP, NL, SL

Enneapogon nigricans
Habitat: Mallee, Mount Lofty Ranges and foothills in remnant grasslands and undamaged roadsides. Usually noticed in drier, inland regions – prefers open aspect

Flowering: Late Spring and Summer

Growth period/ carbon pathway: Warm season C4
Botanical regions: NW, LE, GT, FR, EA, EP, NL, MU, YP, SL, SE.

Microlaena stipoides:

Habitat:Widespread in woodlands and creek lines of the Mount Lofty Ranges and foothills. Prefers rocky, moist, south facing slopes – inhabits shaded or semi shade sites with good rainfall.

Flowering: Late Spring and autumn in response to rain.

Growth period/ carbon pathway: Cool to warm season C3
Botanical regions: NL, SL, KI, SE

Poa clelandii
Habitat:Natural vegetation areas of the Adelaide Hills and foothills. Very common and widespread in the Southern Lofty Region

Flowering: Spring to early Summer

Growth period/ carbon pathway: Cool to warm season C3
Botanical regions: NL, MU, SL, SE

Poa labillardieri
Habitat:Lower slopes and valley floors, along drainage lines and in other wet areas.

Flowering: October - February

Growth period/ carbon pathway: Cool to warm season C3
Botanical regions: FR, EP, NL, YP, SL, SE

Poa poiformis
Habitat:Typically a coastal species with rare records for inland locations.

Flowering: September - January

Growth period/ carbon pathway: Cool to warm season C3
Botanical regions: FR, EP, NL, MU, YP, SL (inland), SE

Themeda triandra
Habitat:Widespread, found in Mount lofty Ranges and foothills on sunny hill slopes.

Flowering: Spring and summer

Growth period/ carbon pathway: Warm season C4
Botanical regions: NW, LE, NU, GT, FR, EA, EP, NL, MU, YP, SL, SE.

Botanical Regions of South Australia
EA
Eastern

EP
Eyre Peninsula

FR
Flinders Ranges

GT
Gairdner Torrens

KI
Kangaroo Island

LE
Lake Eyre

MU
Murray

NL
Northern Lofty

NU                       Nullarbor

NW 
     
     North western

SE
South Eastern

SL
Southern Lofty

YP
Yorke Peninsula

Part 3 - Native Grass Use in SA
Why use SA native grasses?
The successful establishment of native grasses for roadside vegetation treatment can bring economic benefits, by reducing long term management and maintenance costs. Their use also brings ecological benefits in maintaining or enhancing biodiversity and habitat values. This choice can be made on the basis of a ‘fit for purpose’ strategy, which “reflects natural energy flows in the grassland system and the biological processes which have evolved in the local region over a long period of time”1.
Some of the criteria that roadside vegetation treatments need to address include the ability to survive drought conditions and adapt to low soil fertility. The ecological stability of the native grasslands and grassy woodlands of South Australia indicate the suitability of appropriate species of native grasses found in these vegetation associations to fulfil these criteria.

For this reason, some of the grass species commonly found in these vegetation associations were chosen for investigation in the establishment trials conducted by DPTI.

Establishment trials
The information contained in these technical notes has been drawn from trials to establish native grasses funded by DPTI. Recommendations from the trials were incorporated into a report prepared in July, 2001. This report, and subsequent observations from the ongoing trials sites, as well as research and technical data from other sources, has formed the basis for this series of technical notes.

The information is by no means exhaustive and continuing research is needed into the importance and use of these often undervalued Australian plants. The conclusions reached are often preliminary and based on limited data. Each site and project is unique and affected by a complex of factors which must be taken into account in project planning.

What native grasses to use?
Some native grasses have developed unique environmental requirements and growth characteristics. Applying an understanding of these requirements and characteristics will assist in fulfilling a range of requirements associated with the construction and management of transport corridors.

Listed below is a brief summary of some native grass species, their characteristics and potential uses. Following this is a table showing the basic growth characteristics of common native grass species that may be used as a quick guide to selecting appropriate species for various situations.

A table comparing the relative moisture requirements of some native and exotic grasses is also included as a guide to selecting native grasses to displace weed species.


1  ‘Native grasses – the missing link’ Lodder, Groves & Wittmark et al  Landscape Australia 1/86 pp12-17
Species use
Listed below are brief summaries of the growth characteristics and potential uses for some of the common native grass species.

Austrodanthonia caespitosa
Common Wallaby Grass
This medium-height, winter growing C3 grass is a good choice for many revegetation projects. The conspicuous white glumes or flowerheads of this grass make it ideal for designed landscapes. This species can be expected to perform well in a range of environments, particularly those with low nutrient levels. However, this grass has demonstrated a susceptibility to broad-spectrum herbicides.

Austrodanthonia linkii
Leafy Wallaby Grass
The ability to grow well in wetter, more fertile soils than many other native grasses makes this medium-height C3 species a useful colonizing grass in these soil types. This species is particularly useful as a replacement for the common roadside weed Phalaris, as it favours deep alluvial soils and is often found in low lying areas. This species is relatively deep-rooted and can remove surplus water from deep in the soil profile. It will, therefore, often compete for moisture with woody plants.

Austrostipa species

Spear Grasses
There are approximately 40 species of Stipa occurring in SA. They are generally perennial, C3 grasses, flowering in spring to summer. Their heights range from moderately low to tall. Although they are often good colonisers of disturbed ground and there are species suitable for many South Australian climate zones and soil types, their seed is generally difficult to handle for revegetation and also causes some problems with stock. Some species are very ornamental, most are relatively hardy. Trials of some species are planned. Niche seeding of several species has proved successful.

Chloris truncata
Windmill Grass
This low-growing, C4 grass is suitable for use as a primary colonizer of bare, eroded soils or disturbed areas particularly in shallow soils and lighter sandy loams although it will also survive in clays. This species can be relied upon to produce short, green foliage during summer. During trials, Chloris has demonstrated a high tolerance to broad spectrum herbicides.

Dicantheum sericeum
Silky Bluegrass
This medium-height, perennial C4 grass flowers in spring and summer. It prefers reasonably clayey soils and moist areas, such as swales and roadsides. Trials of this species have been commenced in the mid-north of SA.

Enneapogon nigricans
Black-Head Grass
This low growing C4 species is suitable for use in light mallee soils to replace invasive plants on road verges. It provides a less hazardous form of vegetation in terms of fuel load and sight restriction although it does require adequate soil moisture during the hotter months of the year.

Microlaena stipoides
Weeping Rice Grass
This low growing C3 grass can be useful for firebreaks and recreational areas or wherever a mown or dense uncut grassy groundcover is required. This species is noted for the binding action of its rhizomatous root system. Microlaena is suited to acidic soils and is tolerant of shaded environments. This grass has also demonstrated a tolerance to broad spectrum herbicides at lower rates, although care needs to be taken with the use of herbicides on sites with sandy soils. It generally prefers the cooler/darker southerly and easterly aspects of slopes.

Poa labillardieri
Tussock Grass
A tall C3 perennial grass forming dense tussocks. Suited to milder areas of the state and moist areas, this species is used extensively for ornamental plantings such as urban roadsides and medians throughout Southern Australia. It is usually propagated in cells or tubes for planting-out. Its reliability in the nursery and formal landscape indicates that its use for direct-seeding has good potential. Trials will be established in suitable locations when funding permits.

Poa poiformis is a similar species occurring generally in coastal and near coastal areas in sands and lighter soils and displays similar potential.

Themeda triandra
Kangaroo Grass
This medium to tall, summer growing C4 grass is an ideal choice for designed landscapes because of its seasonal variations in colour. Themeda responds well to periodic burning, which can be a useful method of controlling woody weeds. It favours reactive clay soils and can tolerate drought conditions and poor quality soils.

Further Information
Further information on the characteristics of individual species is found in Part 2 Species Notes.
Growth characteristics of common native grass species
The table below may be used as a quick guide to assist in the selection of appropriate native grass species to address roadside situations or maintenance requirements. 

Please note that this is a rough guide only and reference should be made to the relevant species note for more detailed information.

	Common SA 

native grass species
	Growth characteristics
	Summer growing (C4)
	Winter growing (C3)
	Sandy soils
	Clay loams
	Southern aspects
	Northern aspects
	Drought tolerant
	Tolerate wet conditions
	Good natural regeneration
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Soil moisture
As native grasses are displaced, weeds and exotic grasses may become the dominant ground cover. When this happens the drainage function of the perennial native grasses is no longer effective. A new ecosystem based on the retention of moisture in the topsoil can then develop and increase the dominance of weed species.

To displace exotic grasses, a succession of native species may be required beginning with those having similar moisture requirements to the dominant weed species.

The diagram below approximates the drainage requirements of a selection of native grass species with a corresponding list of introduced grasses that often occupy a similar niche.

The table below compares the moisture requirements of some native and exotic grasses and is included as a guide to selecting native grasses that may be used to displace weed species.

Moisture
Native grass species
           Exotic grass species requirements
Low

Enneapogon nigricans
Ehrharta calcina

Chloris truncate
Cynodon dactylon

Danthonia geniculata
Pentaschistis thunbergii


Themeda triandra


Stipa spp.
Piptatherum miliaceum

Danthonia caespitosa

Danthonia racemosa
Phalaris aquatica

Poa spp. Lolium multiflorum

Microlaena stipoides
Bromus catharticus
High

Danthonia linkii
Holcas lanatus

Note:

indicates summer-growing (C4) grasses.

The above diagram indicates that Danthonia linkii is the grass most likely to perform well in a well-watered deep clay loam whereas Enneapogon nigricans is commonly associated with well-drained sandy soils, or clay loams in the arid areas.

Therefore Danthonia linkii would be a good choice to replace Holcas lanatus whereas Enneapogon nigricans would be unsuitable.

Part 4 - Native Grass Seed in SA
According to Native Seed in Australia 'South Australia has a small self-reliant native seed sector catering for relatively fewer users of seed in larger quantities than in most other states. Demand is supplied locally by a small group of seed merchants located around the state and operating mostly from home.1
Although this observation applies to all native seed, including trees and shrubs, the FloraBank Report also mentions 'significant biogeographical features' in SA, particularly 'the relatively large areas where the original vegetation was scattered trees or shrubs over native grassland (or no trees at all)' and 'the important role of roadside and remnant vegetation as a seed source'.

1  “Native Seed in Australia - A Survey of Collection, Storage and Distribution of Native Seed for Revegetation and Conservation Purposes”  Report to the FloraBank Project, January 1999, pp86-87.
Native seed – national overview
There is a significant body of research and information, both published and available on the Internet on native seed in Australia and more particularly native grass seed in Australia.

Greening Australia (www.greeningaustralia.org.au) and FloraBank (http://www.florabank.org.au) are invaluable sources of information on native seed.

Greening Australia manages FloraBank in partnership with CSIRO Forestry and Forest Products through the Australian Tree Seed Centre, and the Australian National Botanic Gardens.

This partnership has published a report to the FloraBank Project entitled 'Native Seed in Australia -

A Survey of Collection, Storage and Distribution of Native Seed for Revegetation and Conservation Purposes', January 1999.

Seed collection
It is important that good quality seed be used to establish native grasses. Seed should be collected in a sustainable way and the collection timed to ensure high proportions of viable seed.

Any seed collected should be mature, dry, weed free. Often only a small proportion of native grass seed collected at harvest may be ripe and it is commonly mixed with under-ripe seed. Collection of under-ripe seed should be avoided if possible as it often fails to produce a healthy seedling. 2
There is often a narrow window of opportunity for seed collection and in most species the amount of seed on the plant varies with seasonal weather conditions. Flowering times for common native grasses are listed at the end of this technical note.

Harvesting methods
Harvesting methods may differ between various species and according to the amount of seed that is to be collected.

FloraBank Guideline 9: Using Native Grass Seed in Revegetation provides a useful summary of seed collection methods. Refer to Appendix B for details.

Hand collection is a useful method for closely monitoring the quality of seed for contamination by weeds and/or fungus. The exact collection method will vary according to the grass species. Gloves may be necessary to avoid cuts to the hands or developing an allergic reaction.

Mechanical harvesting techniques such as brush harvesting, cutting and baling and vacuum harvesting can be useful and these methods may suit some species better than others.

Variations of these techniques include the ‘trough’ harvester, which can be attached to the front of a vehicle and the ‘reel’ or ‘beater’ harvester, both of which may be useful for harvesting some of the more upright species such as Austrodanthonia or Austrostipa.
Brush harvesters employ a non-destructive technique that tends to brush ripe seed from the seed heads, allowing for multiple harvests in one season. This is a versatile technique as brush harvesters may come in all different shapes and sizes with a number of settings and approaches to suit a variety of conditions and grass species.

John Stafford of Vegetation Management Services has researched and developed some specialised versions of this technique.  A harvester with a six-paddle reel dragging culms of Microlaena over a contra-rotating rasp of wire flails. The rasp strips the floret seed and throws it into a hopper at the rear.


2   FloraBank Guidelines 4 & 6
Cutting and baling is a crude technique that is suited to species that retain seed in the seed head rather than drop the seed as soon as it is ripe. Recent indications are that this method may be important in ensuring viability in Themeda seed, ensuring correct seed ripening, while avoiding excessive losses through seed drop.

Vacuum harvesting is useful when harvesting species that set seed close to the ground such as Microlaena although it may be necessary to avoid using machines that duct the material through a fan or shredder blades as this may damage the seed.

Supply
At present only a handful of native grasses can be purchased commercially. DPTI obtains seed for their projects from a number of sources, including Greening Australia, Primary Industries and Resources SA (PIRSA) and private contractors. However, anecdotal evidence has suggested that there are often problems in obtaining sufficient quantities of seed for many projects.

Currently, the majority of seed is sourced from remnant stands of native grasses. The Native Grasses Resources Group and Vegetation Management Services collect seed from native grass orchards in the Adelaide Hills, including sites along the SE Freeway and other sources. Supplies from these sources are also limited to a handful of species.

Commercial quantities of seed are available from interstate sources, however it is the use of regional or local provenance seed, which is of particular interest to local (SA) revegetation groups, the Native Grasses Resource Group, DPTI and contractors.

The FloraBank Network, through the FloraBank Directory (www.florabank.org.au) provides a Native Seed Suppliers Listing, which may used to search for suppliers of native grass seed.

It is a free service provided for people, organisations and businesses that are interested in native seed collection and use. This Directory can be used to look up seedbanks, seed suppliers, and all sorts of contacts in Australia or you can search for them by type.

However, as this Directory requires suppliers to submit their services for inclusion in the database, a search for seed suppliers may not generate an exhaustive list.

Cleaning native grass seed
The seed isn’t always easy to find in native grasses, as the real seed (caryopsis) may be difficult to separate from the other flower parts or dispersal unit.

The structures attached to the seed (dispersal unit) often need to be left intact as they may play an important part in helping the seed to germinate. For example, the awns of Austrostipa species and Themeda triandra help to locate the seed in the soil, while the surface hairs on the seed of Austrodanthonia species are thought to retain moisture around the seed and assist in germination (FloraBank Guidelines 9).

There are various strategies and techniques for cleaning native grass seed.

For instance, although Themeda triandra or Kangaroo Grass is one of the most widely distributed plants in Australia and grows on a variety of soil types seed collection methods and establishment techniques vary according to local conditions.

Establishment trials conducted in the ACT by the Australian National Botanic Gardens have not met with the same success as those undertaken in SA. This may be due, in part to the methods of cleaning and storing Themeda seed in the ACT.

Experience in SA has suggested that the seed not be separated from the culms and be sown directly after harvesting.

Sources of Seed
Identifying sources for the purchase of native grass seed is dependent on the provenance requirements for sourcing seed for a particular project. Although using local provenance seed is considered desirable it may not be possible to obtain commercial quantities of seed to satisfy this requirement. Little information is available on the genetic variation between provenances of native plants in general, and more so for native grasses. The dispersal mechanisms for many grass seeds would tend to imply broad seed distribution and possibly extensive ongoing mixing of genotypes. Further research is required here, but the 'fit for purpose' rule is applicable, particularly for permanently modified environments.

Purchase
Commercial quantities of native grass seed may be purchased from sources specialising in the large-scale production and preparation of native seed (very few in operation), smaller seed collectors and revegetation and similar organisations

Storage and viability
It helps to understand the basic rules of seed collection and storage to maintain seed viability. It is very important that the germination ‘triggers’ for seed – moisture, temperature, and light are managed at constant and acceptable levels.

According to FloraBank Guideline 9: Using Native Grass Seed in Revegetation, “the seed of most native grass should be stored in a cool (20oC), dry area in porous sacks (wool packs, fertiliser bags, canvas, calico or paper bags). In such conditions it should remain viable for up to five years.

Seed kept at room temperature and room humidity in far northern Australia is likely to lose viability quickly – even over the dry season.”

The viability of native grass seed will vary according to storage methods and duration, timing of seed collection, seed cleaning, grass species and harvesting techniques.

For instance, anecdotal local (SA) experience suggests that Themeda triandra, when dry can be successfully stored, complete with culms and seed heads intact in a tin garden shed, which may be subjected to high summer temperatures.

Greening Australia publishes technical advice on their website (www.greeningaustralia.org.au/) with detailed information on the storage of native grass seed to ensure viability.

Flowering times of common native grasses
There is often a narrow window of opportunity for seed collection and in most species the amount of seed on the plant varies with seasonal weather conditions.

Listed below are flowering times for common SA native grass species.

Aristida behriana
Brush Wire Grass
Flowering: Spring, autumn.

Austrodanthonia caespitosa
Common Wallaby Grass
Flowers between September – December. Seed has been reliably collected in the Adelaide Hills during November

Austrodanthonia geniculata
Kneed Wallaby Grass
Flowering: August - December

Austrodanthonia linkii
Leafy Wallaby Grass
Flowers from November to March, experience in the Adelaide Hills has suggested that seed collection should occur from December to early January.

Austrodanthonia racemosa
Striped Wallaby Grass
Flowering: October - February

Austrostipa elegantissima
Elegant Spear Grass
Flowering: Mainly September – November

Austrostipa nitida
Balcarra Grass
Flowering: July - December

Austrostipa nodosa
Speargrass
Flowering: Mainly Spring

Austrostipa scabra
Rough Spear Grass
Flowering: Mainly August - October

Chloris truncata
Windmill Grass
Flowers from November to June. Although the appearance of the characteristic pink inflorescence indicates that Chloris is about to set seed, it may be some time before the seed is harvestable.

Cymbopogon ambiguus
Scented Grass
Flowering: Spring and autumn

Enneapogon nigricans
Black-Head Grass
Flowers throughout the year. The seed is easily harvested and is often produced in early summer if sufficient soil moisture is available or after summer rains.

Microlaena stipoides
Weeping Rice Grass
Flowers during November and December in response to warmer weather, providing adequate soil moisture is available.

Poa clelandii
Flowering: Spring to early Summer

Poa labillardieri
Common Tussock Grass
Flowering: October - February

Poa poiformis
Coast Tussock Grass
Flowering: September – January

Themeda triandra
Kangaroo Grass
Flowering occurs throughout the year across Australia with flowering times varying according to the region. In SA the seed generally matures during December but can mature later in January at higher altitudes.

Part 5 - Native Grass for New Verges, Cuts and Fills
After construction, exposed soil on new road verges, cuts and fills is often subject to erosion by wind and rain and to colonisation by opportunistic weed species (refer to Part 6 for information on establishing native grasses in weed-infested areas.)
In many instances a groundcover treatment is needed to satisfy both short and long term objectives in minimising soil erosion and providing stability to these exposed surfaces, and restoring or enhancing site environmental values.

Although there is considerable potential to utilise native grasses to provide a sustainable perennial groundcover on these sites, reliable techniques for the establishment of these grass are still being developed.

Suitable site preparation, appropriate species selection, correct timing of seeding and allocation of sufficient resources for several years' establishment and maintenance, are all essential ingredients in ensuring a successful, sustainable outcome.

Species Suitability
The suitability of a native grass for a particular location may be indicated by the presence of remnants of the species in similar conditions in the region. (i.e. in similar soil, moisture and exposure conditions)

During road construction, soils that may have been exposed or introduced could include nitrogen rich or nutrient impoverished soil types, or soils containing a weed seed bank.

Trials have shown that some species are particularly suited for use in addressing the above issues.  Various scenarios are listed below, with recommendations for the use of native grasses in these situations.

The initial use of non-indigenous native grass species may also be necessary, to assist with the longer-term establishment of native species. The use of these grasses is also discussed.

Seeding Operations and Timing
It is often preferable to schedule landscape works to utilise opening winter rains for plant establishment, following a spring or summer construction period. This practice, although often the best option in terms of general plant establishment, often leads to problems with weed infestation and erosion control.

These problems may arise because the winter growing C3 native grasses are generally slow to establish and do not provide adequate protection from erosion in their first 12 months of growth. Competition from fast-growing winter weeds is also a common problem, as the young grasses cannot compete adequately.

Establishment trials conducted by Transport SA have identified problems with the current practice of sowing C3 native grasses with a cover crop of sterile rye-corn, particularly in cold weather and on steeper or easily-erodible slopes.

As Austrodanthonia (a C3 grass genus) generally takes at least 18 months to reach maturity and young plants of most species provide little protection for exposed soils, a cover crop of rye corn sown during cold weather is not usually effective in producing the rapid growth that is necessary to protect the exposed soil during winter rains.

An alternative to the above practice is to sow a cover crop of oats with a quicker growing C4 native grass, such as Chloris truncata.

Forage varieties of oats produce significantly more vigorous growth in the cold winter months than rye-corn. When sown at 100kg/ha the oats generate a substantial root system with a very leafy cover that provides effective erosion control and assists in the suppression of weeds.

During trials, Chloris sp. has been sown with oats that were then sprayed out in September, well before they seeded. The summer-growing Chloris then germinates in response to warmer weather in October and November and by the end of December can be producing seed as a mature plant.

Further trials were conducted into the introduction of C3 native grasses into the Chloris sward in the second winter, to compete with winter-growing weeds and minimise the ongoing need for herbicide use. This second sowing may be practical if combined with appropriate herbicide applications in winter and spring of the second year. Good establishment densities of both C3 and C4 grasses is necessary to minimise ongoing herbicide use, unless soil fertility is very low and ongoing erosion not an issue.  

Soil Types
As a result of earthworks, soils with a raised level of available nitrogen or containing a weed seed bank may have been introduced to or re-spread on a site. (Soil stockpiling may increase microbial activity and raise available nitrogen levels.) This situation may result in prolific weed growth during autumn and winter. (Refer to Part 6 for information on establishing native grasses in weedy areas.)

Alternatively, cuts that expose soil lower down in the profile or imported construction material for fills may be so low in nutrients that they will not adequately support the growth of a sown cover crop or even low nutrient requiring native grasses.

Excess nitrogen
After the bulk earthworks have been undertaken there is usually a requirement to spread previously stock piled, or imported topsoil over the site. This practice can lead to an increase in the level of Nitrogen available to plants due to the breakdown of organic matter. 

The soil may also contain a weed seed bank that is reactivated during the top soiling process.

As a result, after the first rains, broadleaf weeds may germinate ahead of any grasses. Aided by the raised level of Nitrogen in the soil, their rosettes will rapidly expand to smother any slow growing grasses.

This situation is common, unless the site disturbance has been minimal. If this is the case, then sowing a C4 native grass with a winter cover crop of oats may be an appropriate initial strategy.

Refer to the above section ' Seeding Operations and Timing', for more information on this strategy.

It will usually be more effective to establish native grasses in topsoil on new construction sites after any excess Nitrogen present in the soil has been depleted. The time needed for this to occur will vary and is dependent on the amount of Nitrogen present in the soil and the rate at which it is depleted. Soil texture is an important factor in determining this, with sandy soils being much easier to modify than clay soils, due to their generally much lower colloid content.

In order to remove any excess Nitrogen from the soil, other grasses may need to be established and maintained during the first year. This process may need to be repeated during the second year or until this temporary vegetative cover begins to display the effects of Nitrogen deficiency.

Grasses, with their comparatively shallow, fibrous root system, will perform this function better than most volunteer perennial weeds, which tend to have deeper tap roots and draw more nutrients from lower down in the soil, or legumes, which will fix atmospheric Nitrogen and may actually increase levels. To effectively remove Nitrogen in the longer term, trash from cover-crop grasses will need to be removed from the site, or this will ultimately recycle into the soil. Even without the removal of trash, however, the slow rate of this Nitrogen recycling, particularly in drier climates, should provide a 'window of opportunity' to establish a good cover of native grasses.

A yellowing of the foliage and less prolific weed growth will be an indication of nitrogen depletion.

After any excess nitrogen has been taken up, native grasses may be established with reduced risk of being overrun by exotic grasses or weed species, and reduced requirements for herbicide use.

Nutrient deficient subsoils
Annual grass cover crops generally perform very poorly in exposed nutrient-deficient subsoils or subsoil/rubble-based fills. As the majority of these situations in road corridors are reasonably steep cuts or fills, it can be difficult to retain topsoil cover on the slope without special surface preparation or the use of 'geogrid'-type materials. Such nutrient-deficient soil situations therefore arise regularly in road and drainage construction projects. Contour ripping or other coarse roughening of slopes is a preferred solution, enabling the placement of minimal amounts of topsoil to form, at least, seeding niches. Often, however, this does not occur and slopes with no topsoil are left exposed.

While some native grasses are much more tolerant to nutrient deficient soils, other issues such as soil texture, density and lack of biological activity may impede or prevent their growth on these soils. Establishment trials for native grasses have not yet provided a definitive solution to this situation. However, a successful outcome may be achieved by applying the following logic.

A quick growing cereal like oats may be used to provide an autumn, winter and/or spring cover-crop in order to minimise soil erosion. This cover crop could be sown with a paper hydro-mulch (to provide the optimum cover needed for the seed) with the addition of chemical and/or organic fertilizers to temporarily overcome the soil’s nutrient deficiency and support the growth of the cover crop.

A number of Danthonia species appear to tolerate low-nutrient soils reasonably well, however they are slow to establish and will not provide initial slope stabilisation. They should therefore be used in conjunction with a cover crop where stabilisation is required.

On south and east facing slopes or shaded sites Microlaena stipoides (a C3 grass) may be an option for hydroseeding in conjunction with the oats due to the late germination of Microlaena on these aspects (in October, after the oats have been sprayed out). If the terrain is too steep for safe access to spray out the cover crop then hydroseeding with a quick growing, sterile cereal may be appropriate. 

The tolerance of Microlaena to nutrient deficient soils has not yet been determined, however trials to evaluate this tolerance are continuing.

On north to west facing slopes or exposed sites, C4 native grasses like Chloris and Enneapogon are considered to be better choices. These grasses can survive on nitrogen deficient soils. As they have very small seeds, the seeds need to be in close contact with the ground to ensure germination. For this reason these grasses need to be sown without a mulch that could inhibit close contact of the seed with the ground. This initial seeding operation should then be followed by an application of a clear polymer product such as Terra Mulch Tack™. If applied generously this will assist in retaining soil moisture during the summer growing period of these grasses.

Part 6 - Native Grass for Weedy Areas
Overview
Infestations of undesirable weeds may be the result of influences such as land clearing, development or agricultural activities, disturbance to a natural ecosystem during road construction or the application of a maintenance regime favouring weedy species over indigenous vegetation.

The most beneficial solution for a weed-infested site is to replace it with a stable ecosystem of natural vegetation. Achieving this solution will generally require carefully planned actions over a number of years, and must be supported by an appropriate long-term management strategy. The ultimate benefit is a sustainable, ecologically valuable roadside environment requiring minimal ongoing inputs of materials and labour.

DTEI trials have indicated that some native grass species may have an important role to play in the establishment of stable, natural ecosystems of a type suitable for roadsides. For instance, a grassland vegetation type will provide competition for weeds, address sight line and roadside clear-zone issues, will assist in maintaining soil stability, enhance surface drainage avoiding roadside ponding and, once established, should require minimal maintenance.

Listed below are three common strategies for the management of roadside weeds followed by suggestions for establishing native grasses on weedy roadside sites.

Strategies

· Herbicides, when applied with a hand-held line, can contribute to an effective management regime for steep slopes and otherwise inaccessible areas. The preferred strategy for these areas is for the absolute minimum of intervention, so the selection and establishment of suitable native grass species should be considered, to progressively replace a herbicide-based maintenance regime. When the ongoing cost and long-term cumulative effects of herbicide use and the ecological benefits of native grasses are considered, the moderate establishment cost of native grass is put into perspective.

· Fire can be one of the simplest and most effective management tools to use, however there are restrictions regarding its use, particularly during the summer months. Timing and the quality and amount of available fuel are critical factors. The issues of general fire safety, traffic management, air quality and community perceptions must also be considered. Many exotic grasses will be decimated by fire, while many native species will regenerate well, with reduced competition and reduced nitrogen in the system.

· Hand tools are sometimes used to maintain otherwise inaccessible areas but their use is often limited due to high labour costs and WH&S issues regarding the use of powered tools on steep terrain. Bushcare is the preferred strategy for high-value remnant vegetation sites, with low impact weed removal and sustained control of weed regrowth allowing natural regeneration of native vegetation. This option generally requires some level of community, other volunteer or subsidised labour involvement, to contain costs.

Herbicide
Using herbicides solely for the suppression of weed growth does not provide a sustainable roadside vegetation treatment. A reasonably stable vegetation treatment can, however, be established by using herbicide in a carefully planned manner to promote a suitable groundcover (like a perennial native grass), in order to suppress undesirable weed species. A key requirement of this strategy is that the need for herbicide use should decrease progressively to a low or intermittent level, as the native grass environment becomes established and stabilised. It will usually be necessary to tolerate some level of 
weed infestation in the sward.

Microlaena

Microlaena stipoides, a C3 grass, has been the subject of trials for this purpose on the South-Eastern Freeway in the Mount Barker area. Its low height and tolerance to glyphosate have indicated that this is a species well suited to this application in suitable climate, soil and aspect conditions. This species prefers the cooler/darker southern and eastern aspects. Although germination may be several months earlier and at a much better rate on warmer/lighter slopes with a northern or western aspect, in the longer term, persistence and regeneration are much better on cooler/darker sites.

Site Preparation

Microlaena requires bare ground for successful germination, therefore the site must be cleared of all weed growth to facilitate the sowing of this grass in early winter. Woody weeds like broom (Genista monspessulana & Cytisus scoparius) should be cut back, the stumps swabbed and all trash removed by late winter. Many woody and herbaceous weeds will germinate during the warm spring months. To control these emerging weeds, glyphosate and other non-residual herbicides should be used, as necessary, to maintain a chemically fallowed site, from September to June.

As Microlaena germinates best on very bare soil, fire may be necessary after the first herbicide spray to burn off any dry grass and to promote further germination of weeds in order to reduce the weed seed bank present in the soil.

These sites are often in steep terrain, so due regard must be given to the potential for erosion to occur. Some compromise may be necessary to ensure that sufficient material remains to provide protection to the soil during the wetter months of winter, when the Microlaena seedlings will be making only very slow growth.

Sowing Rates
It is recommended that the floret seed of Microlaena be sown at a rate of 10kg/ha. The response to this application rate varies greatly according to the site aspect and the method used to apply the seed.

The simplest method of sowing Microlaena is to mix the seed with 3-4 times its volume in sawdust and broadcast it either, by hand or through a suitable mechanical spreader.

Trials conducted to explore the potential of hydro-mulch mixes as carriers and soil-bonding agents have revealed that paper and straw mulches reduced the germination of Microlaena considerably in comparison to a clear polymer mulch product such as Terra Mulch Tack™.

Time of Sowing

If natural rainfall is to be relied upon for plant establishment, Microlaena should be sown as soon as the risk of a false germination is minimal. This is often in June, but due to cold induced dormancy there is a real advantage in sowing Microlaena during the preceding warmer autumn months, if adequate moisture is assured. As mentioned above, variations in site aspect and the amount of shading will have an influence on germination time and rate, with its favoured cooler/darker environment actually inhibiting initial germination.

Post-germination Management

Broadleaf weeds

Broadleaf weeds are likely to germinate rapidly where soil conditions include a weed seed bank and nutrient-rich topsoils. In trials to date, no significantly harmful effects have been observed on Microlaena seedlings where metsulfuron methyl, MCPA, and dicamba have been used at recommended rates for weed control in pastures. These herbicides will achieve best results if applied when broadleaf weeds are in the early rosette stage. Triclopyr (and again metsulfuron) can be used for woody weed control.

Grassy weeds
The control of grassy weeds in competition with Microlaena is often more difficult and requires a more complex strategy.

· In the first year, mowing or slashing may be required to ensure that tall grassy weeds do not overshadow the prostrate Microlaena. At this stage herbicides should not be used for the control of grassy weeds, as the Microlaena seedlings are too vulnerable.

· In the second year it is quite likely that grassy weeds will be more abundant. If practical, it will be an advantage to have all grass mown short during winter. This will minimize Microlaena’s leaf exposure to later applications of herbicides.

Introduced C3 grassy weeds will out-grow Microlaena in late winter and shade the near-dormant native grass. However, glyphosate applied at 2l/ha (360 g/l product) will significantly impair the dominance of the grassy weeds and allow Microlaena to take full advantage of the warmer growing conditions in spring.

Ongoing management

As the root system of the native grass becomes more resilient with age, the rate of glyphosate can be increased accordingly. During trials, up to 4l/ha have been applied under the prescribed methods without significantly depleting the sward of mature Microlaena plants. (Well-established Microlaena in the wild has survived an autumn application of glyphosate at 14l/ha).

When the annual glyphosate application is at recommended levels for the control of winter-growing weeds, the Microlaena population can be sustained and enhanced under this herbicide regime.

The weed seed bank in the soil will be depleted during the initial years of herbicide regime and selective slashing timed to prevent further seeding. Some species will continue to invade through wind-blown seed.

The next step in the management regime is to largely eliminate the need for regular herbicide applications. This may require the development of a more advanced strategy involving the complementary use of both summer-growing C4 and winter-growing C3 grasses, perhaps combined with some trash removal and/or regular burning to deplete nitrogen.

Long term exclusion of weeds from disturbed areas has not generally been possible without intervention of some kind (e.g. herbicide). This contrasts with larger, undisturbed remnants, where weed invasion is often negligible. Replication of the conditions that prevent the weed invasion of these larger vegetation remnants, such as full use of available moisture and, often, low nutrient levels, is the longer term challenge.

Fire Regime
Kangaroo grass (Themeda triandra) is a summer growing grass that is indigenous to many regions of South Australia and has proven to be very useful as a source of fuel for controlled burns.

Themeda accumulates a considerable amount of dry thatch that is readily burnt in late winter to spring, when the grass is partially dormant. The ability to burn Themeda when most other herbaceous vegetation is still green greatly assists in the control of the fire. After the grass sward is sufficiently developed it can be burnt every 2-3 years to further strengthen the sward and to control numerous species of woody weeds. This burning will also assist in the depletion of soil nitrogen levels, increasing the ability of Themeda  to compete with introduced species.

Site Preparation

Themeda favours slopes with a northerly aspect, where its deep root system enables it to out-compete other species when soil moisture is low.

Little or no site preparation is required prior to the introduction of Themeda seed.

Providing vegetation does not inhibit access to the site, existing herbaceous weed growth should

be left to provide fuel for a pre-germination burn in the next late spring, following the introduction of the Themeda seed in December/January.

Seed collection/ harvesting

Trials have shown that Themeda seed is not suited to harvesting, storage and trading as a commodity like most other grass species. Any interruption to the natural ripening process within the panicle appears to leave the seed with a dormancy that is very difficult to break in the short term.

Harvesting this grass with the complete culm helps to facilitate the ripening process. As harvesting technique, this may not be very efficient in terms of gaining the optimum amount of viable seed, however, it has proved to be an effective and fairly reliable method of propagating Themeda.

Themeda seed generally matures in December but in some environments (usually at higher altitudes) it can be later in January. The culms can be harvested with a hand sickle, brush cutter or tractor mounted hay mower.

Up to 50m3 (loose) of Themeda culms, at optimum seed capacity may be required to sow each hectare of land.

Establishment
After harvesting, the culms, complete with seed heads, are taken to the revegetation site where they are spread evenly over the ground.

The objective is to achieve an establishment rate of between 5plants/m2 in favourable conditions and 50 plants/m2 in poorer conditions. A low density of plants will promote optimum development of Themeda’s extensive root system.

Once the culms are laid on the ground the hygroscopic action of the awns will remove the seed from the panicle and locate it in any open cracks in the drying soil.

The germination of Themeda will be deliberately triggered 10 months after the seed is sown in December. In the meantime herbaceous weed growth should be allowed to grow over the site during the winter. This vegetation will later fuel a controlled burn used to initiate germination of the seed. The germination rate of Themeda will depend largely on the intensity of the burn, which will, in turn, depend on the amount of fuel available.

Weed control

Glyphosate is applied at a rate that is adequate to kill all standing weed growth in early or mid-spring when:

· ample moisture is present in the soil,

· the herbaceous weeds contain sufficient fibre and bulk, and

· daily temperatures are rising.

Past practice has been to add up to 4kg of active atrazine per hectare, to control any emerging weeds. (Themeda is quite tolerant to triazine herbicides). As neither atrazine nor simazine are now acceptable for use, alternative strategies must be used, as described below.

Germination

After the sprayed vegetation has dried (usually in 3 weeks), it is burnt to expose the bare soil surface to the sun.

The Themeda seed should germinate about 7 days after the burn as a result of:

· moisture retained in the soil over winter

· the exposed soil surface encouraging warmer soil temperatures

· the effect of fire on the seed (this may be due to the effects of heat and/or smoke).

On-going Management

As the use of simazine is not an option, broadleaf weeds could be a problem in the early development period of the Themeda.

Most selective broadleaf herbicides should be safe to use if applied at the early stage of weed development and used at recommended rates.

However, caution should be taken when using metsulfuron methyl as this particular herbicide has had detrimental effects on Themeda, particularly when used at the higher rates required for woody weed control.

After Themeda has survived one or more winters (its dormant period) and the grass sward is sufficiently developed, it should have accumulated enough flammable dry leaf material for a controlled burn. It can then be burnt from late winter to early summer every 2-3 years to further strengthen the sward, eliminate any woody weeds and to control wildfires.

Timing of the controlled burns is important as some burns prior to winter have resulted in the loss

of Themeda plants and an increase in the weed population.

Other Species

A number of other native grass species may be suitable for use in weedy areas.  Weed management methods for areas of sown native grasses are being investigated as a component of ongoing DTEI trials.

Some suitable species may include:

· Danthonia linkii - a tall, deep rooted Wallaby Grass for wetter areas (C3)

· Danthonia caespitosa - White-top Wallaby Grass, a widely distributed and often-used revegetation species adapted to moderate soil nitrogen levels (C3)

· Dicantheum sericeum - Silky Bluegrass, a widespread species often found along roadsides and in swales where there is extra moisture (C4)

· Chloris truncata - Windmill Grass, a generally short-lived perennial, low growing species of warmer areas that regenerates well from seed (C4)

· Enneapogon nigricans - Blackheads, a widespread species of grasslands (C4)

Appendix A - Information Sources
Information sources used throughout these Technical Notes include:

DPTI Native Grass Establishment Trials
The Department conducted roadside native grass establishment and management trials for a number of years, with the assistance of John Stafford of Vegetation Management Services and Rural Solutions SA. 
Vegetation Management Services



John Stafford

Rural Solutions SA




Wayne Brown




Phone: (08) 8226 9935




Mobile: 0408 813 628




wayne.brown@sa.gov.au
Native Grass Resources Group – Information Brochure
C/- Mount Barker Natural Resources Centre, Corner of Mann & Walker Streets, Mount Barker SA 5251
Phone: (08) 8391 7500

Fax:      (08) 8391 7524

https://nativegrassresourcesgroup.wordpress.com/  

Greening Australia
https://www.greeningaustralia.org.au/ 

Stipa Native Grasses Association
http://www.stipa.com.au/ 
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The information contained in these Technical Notes is by no means exhaustive.

IMPORTANT NOTE
Disclaimer
The views expressed and the conclusions reached in this series of technical notes are those of the authors and are a synthesis of trials results, existing literature and personal knowledge of the establishment and management of native grasses. They do not necessarily reflect the views expressed by persons consulted, or in literature reviewed.

Many factors influence the successful culture of native grasses and many of these are not yet fully understood. These technical notes are intended to assist in the planning and execution of native grass establishment and management projects on roadsides.

They are in no way intended to be used as specifications for native grass use in any project, and any such use of information contained herein is entirely at the risk of the user.

The Department shall not be responsible in any way whatsoever to any person who relies in whole, or in part, on the contents of these Technical Notes.
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