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ABSTRACT

In northern Australia, the biology and ecology of native grasses in relation to their suitability 

for revegetation of disturbed areas is poorly understood. Introduced grasses have 

traditionally been used for revegetation but this practice is often in conflict with the 

rehabilitation objective of developing self-sustaining native ecosystems. This study, located 

at Ranger Mine near Jabiru in the Northern Territory, evaluated the potential of four native 

grasses for revegetation. The species consisted of three perennial species Ectrosia leporina 

R.Br., Eriachne schultziana  F. Muell. and Dichanthium sericeum  (R.Br.) A. Camus, and one 

annual species, Pseudopogonatherum contortum  (Brongn.) A. Camus. These were compared 

with the introduced grass that has been commonly used for revegetation at Ranger and across 

northern Australia, Chloris gayana Kunth (pioneer rhodes grass).

Seed of the perennial species was dormant for at least six months while the annual 

Pseudopogonatherum  was dormant for only two months. To maximise field germination, 

seed of perennial species should stored for at least 12 months and seed of annual species 

should be stored at least five months prior to sowing.

All species, except Dichanthium, established well from direct seeding. Eriachne, and to a 

lesser extent Ectrosia , demonstrated the best potential for revegetation because they had high 

maximum germination (>65%), produced relatively high foliage cover without fertiliser (40

50%) and, importantly, they resprouted successfully following both dry season drought and 

fire. Thus, once established, their populations will be resilient and self-sustaining. In 

contrast, the introduced Chloris had relatively low maximum germination (42%), required 

fertiliser to produce similar cover to the native species, and populations did not recover from 

the dry season drought and were decimated by fire.

This study has shown that, provided that the species-specific germination and field 

establishment characteristics are known, using native grasses for revegetation can be highly 

successful. Revegetation with native grasses is also an ecologically and economically 

attractive alternative to revegetation with introduced species.
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1.1 INTRODUCTION

This thesis discusses the use o f native grasses for revegetation of disturbed areas, especially 

following mining, in northern Australia and more specifically in the “Top End” o f the 

Northern Territory, the region that lies north of 15 degrees south. The thesis begins with a 

literature review of environmental issues that relate to revegetation of mined areas and then 

goes on to discuss the issues that specifically relate to revegetation using grasses, particularly 

in northern Australia. The body o f the thesis discusses the results of trials that investigated the 

potential of selected native tropical savanna grasses for revegetation, and hence the potential 

for the development of self-sustaining ecosystems subsequent to mining. The performance of 

these species was compared with that o f an introduced grass, which has been commonly used 

for revegetation in northern Australia. The concluding chapter uses the results of these trials, 

and o f trials reported by other researchers, to develop specific strategies to maximise 

successful revegetation using native grasses in the Top End. Further detail on the thesis 

structure and content is given in section 1.3.

Native grasses are important in the maintenance o f biodiversity and the integrity of natural 

systems (Waters et al. 2000). They are well adapted to local climatic conditions, and are well 

adapted to infertile soils and disturbances such as extended dry periods and fire. They are also 

critical to the livelihood o f the Australian sheep and cattle industries, and in northern 

Australia, the pastoral industry relies almost completely on the maintenance of ecosystems that 

are dominated by native grasses.
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1.2 LANDSCAPE REHABILITATION 

1.2.1 Context and terminology 

Landscape reconstruction is a common requirement following massive disturbance through 

land uses such as mining, some grazing and construction, and also following natural events 

such as cyclones, floods, and landslides. There has been a remarkable increase in interest in 

landscape restoration as a technique for reversing habitat degradation world-wide (Cairns 

1988; Jordan et al. 1988; Hobbs 1993). Restoration ecology has now become a discipline in its 

own right, and has been hailed as a new paradigm for biological conservation (Jordan 1994; 

Turner 1994). 

Definition and application of terminology in relation to landscape rehabilitation varies between 

users and the various terms, such as revegetation, restoration, rehabilitation and reconstruction, 

are often used interchangeably (Hobbs and Norton 1996). Revegetation is simply re

establishing vegetation on an area that had vegetation cover prior to disturbance, and is the 

first step towards returning such land to a functional and diverse ecosystem. Restoration is a 

term used to define re-creation of conditions that are identical before and after disturbance 

(Wade and Chambers 1990). Rehabilitation is creating an ecosystem that falls within the 

existing land uses of the area (Wade and Chambers 1990). In this thesis, rehabilitation is 

defined as creating a functional and self-sustaining ecosystem by active revegetation of 

disturbed land. 

Irrespective of terminology, the ultimate goal is usually a stable and self-sustaining ecosystem 

(Wade and Chambers 1990). Functional landscapes have well-developed ecological processes, 

work well at capturing and retaining vital resources such as water and nutrients (Ludwig and 

Tongway 1997) and, therefore, support communities that are self-sustaining with minimal 

ongoing management. 
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Rehabilitation involves accelerating biotic change or re-initiating successional processes 

(Luken 1990; Edwards et al. 1993). It may have applications in many land use scenarios, and 

is usually carried out for one o f the following reasons:

1. To restore highly degraded but localised sites such as minesites. This often requires 

amelioration of the physical and chemical characteristics of the substrate (Collins et al. 

1985; Bradshaw 1987; Ward et al. 1990; Schaller 1993), and direct planting (via seed 

and/or tube stock) to establish vegetation cover on the disturbed substrate as soon as 

possible.

2. To improve productive capability of degraded production land. The aim here is often to 

return the land to sustainable production and this may require, for example, ameliorating 

soil erosion or salinity issues in agricultural land (Aronson et al. 1993).

3. To enhance the conservation values in protected landscapes. The conservation value of 

these lands is often degraded by invasive species, feral animals and fragmentation (Hobbs 

and Norton 1996). *

4. To enhance conservation values in productive land (Hobbs and Norton 1996). It is clear 

that protected areas alone cannot conserve biodiversity in the long term and so 

conservation on private land must play a key role (Hobbs 1993; Morton et al. 1995). 

Rehabilitation on these lands involves returning conservation value to areas on productive 

land that have recognised conservation significance (Hobbs and Norton 1996).

In each of these cases, rehabilitation aims to return the degraded or disturbed system to some 

form of cover that is protective, productive, aesthetically pleasing, or valuable to conservation 

(Hobbs and Norton 1996). Completion criteria, the fulfilment of which represents the point at 

which rehabilitation is considered to be successful, varies depending on clearly defined end 

land use objectives. Objectives for successful rehabilitation should include creating self- 

sustaining vegetation on a land surface that is stable to the erosive forces of wind and water 

and which, in the longer term, reaches a condition that can sustainably support the designated 

end land use (Bell 1987).
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and which, in the longer term, reaches a condition that can sustainably support the designated 

end land use (Bell 1987). 
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Landscape rehabilitation after severe natural or induced disturbance is arguably one of the 

biggest challenges that ecologists can face. Disturbance is any event or process that removes 

live tissue from ecosystems (Picket and White 1985a). Disturbance events are now recognised 

as important factors affecting community structure, ecosystem functioning and landscape 

patterns (Picket and White 1985b ). Disturbance includes large scale events such as landslides, 

floods, fires, tsunamis, salinisation, cyclones, and surface and sub-surface mining; and 

smaller-scale events such as soil disturbance by animals; and direct human disturbance such as 

digging, vegetation clearing and road construction (Hobbs 1991). Common to all disturbances 

are the alterations of resources availability and community structure. Differences in system 

response to disturbance are a consequence of the degree to which these parameters are altered. 

Small-scale disturbance usually increases ecosystem heterogeneity. In contrast, unnatural 

disturbances, such as surface mining, are also likely to cause changes to succession trajectories 

(Zak et al. 1990). 

Rehabilitation aims to return as many aspects as possible of the natural ecosystem to treated 

areas (Hobbs and Norton 1996). Characteristics of natural ecosystems that rehabilitation would 

aim to re-instate include: 

1. species composition: diversity and abundance; 

2. structure: vertical arrangement of vegetation and soil components; 

3. pattern: horizontal arrangement of system components; 

4. heterogeneity: consisting of components of 1-3 and also soil characteristics, litter 

distribution and habitat for fauna; 

5. function: basic ecological processes such as water and nutrient cycling; and 

6. dynamics and resilience: successional process, recovery from disturbance (Hobbs and 

Norton 1996), especially the ability to recover from natural disturbances, subsequent to 

rehabilitation. 
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1.2.2 Rehabilitation challenges on mined land

Mined lands are highly degraded and often present significant challenges to successful 

rehabilitation. Disturbances due to mining can be the most difficult to repair (Wade and 

Chambers 1990) because they cause massive soil disturbance and, consequently, loss of 

nutrient cycling and efficient resource utilisation (Zak et al. 1990). Intensive rehabilitation is 

usually required, often involving landscape interventions using engineering technologies and 

machinery and widespread planting or seeding o f desired plants (Noble et al. 1984).

The major objective o f rehabilitating disturbed land is often to create a native plant community 

that will minimise erosion and promote nutrient cycling activity (Cowie and Finlay son 1986; 

Schoenholtz et al. 1992). The post-mining land use should be decided prior to disturbance to 

maximise cost effectiveness o f rehabilitation planning. Decisions on post-mining land use 

should occur in consultation with the local community so that community expectations are 

met.

There are often physical constraints to rehabilitation success and these constraints can vary 

between environments and sites. Construction of a new ecosystem begins as soon as soils and 

geological materials are disturbed and replaced. It is at this point that basic characteristics of 

the new ecosystem are decided (Wade and Chambers 1990). Rehabilitation of localised sites, 

such as minesites, often entails amelioration of the physical and chemical characteristics of the 

substrate (Collins et al. 1985; Ward et al. 1990; Schaller 1993). Following is a brief discussion 

of some o f the common challenges involved in the rehabilitation of mined land, all of which 

are relevant to the north Australian situation.

1.2.2.1 Substrate composition and condition

A major limitation to successful rehabilitation is the availability and suitability o f healthy 

topsoil (Retham et al. 1999). Mine spoils are often low in the major nutrients (Palmer 1990). 

Reapplication of topsoil to subsurface materials enhances the re-establishment of vegetation by 

increasing nutrient availability, water-holding capacity and microbial activity (Hargis and
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Redente 1984). These characteristics accelerate the biological conversion of dead plant 

material into new soil organic matter (Claassen and Zasoski 1993). Topsoil can also provide 

mycorrhizal spores and hyphal fragments that serve as an inoculum for infection of the 

colonising plant roots (Jasper et al. 1987; Claassen and Zasoski 1993), and a seed bank from 

which vegetation can regenerate (Young 1990). 

Topsoil is stripped prior to mining and is often stockpiled until required. Once rehabilitation 

areas are reshaped, topsoil is respread and then the surfaces are deep ripped. Stockpiling soil 

can have a detrimental effect on soil microorganisms by creating anaerobic conditions (Elliot 

and Veness 1985). Soil bacteria are important in the rehabilitation process because of their 

ability to fix atmospheric nitrogen and their involvement in converting soil nitrogen into 

various forms (Paul and Clark 1989). Fungi are the major decomposing organisms (Zak et al. 

1990). Stockpiling is also likely to deplete the soil seed bank as seeds germinate, decompose 

or lose viability (Young 1990). However, hard seeded species, such as acacias (Mott and 

Groves 1981; Cavanagh 1987) and weed species such as Senna (Parsons and Cutherbertson 

1992), have long lived seed banks. Respreading stored topsoil can often result in an explosion 

of germination of undesirable native species or weed species. Spreading topsoil as soon as 

possible after stripping will ensure that the seed bank contains a healthy proportion of 

desirable species and reduce the impact of undesirable species. 

Deep ripping along the contour is a standard practice in minesite rehabilitation and is designed 

to maximise water-availability to developing soil and vegetation, and minimise erosion 

(Hannan and Bell 1993). It creates a system of furrows for collection of rainfall runoff, and 

provides favourable sites for the deposition of seed and subsequent germination of seedlings. 

Ripping also breaks the interface between compacted mine spoil material and the top-dressed 

material to facilitate water infiltration and root penetration (Retham et al. 1999). In most 

situations, A horizon soils are the most desirable for plant establishment because they contain 

organic matter and seeds, and have higher fertility than B horizon soils (Miller and Donahue 

1995; Retham et al. 1999), and also a more stable structure. However, ripping may result in a 
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mixing of soil horizons and damage to soil structure. Consequently, the quality o f the soil as a 

growing medium is reduced.

Soil contamination or chemical imbalances present special problems for revegetation. Acid 

drainage occurs where sulphide minerals in rocks, in the presence of oxygen and water, 

oxidise to produce sulphuric acid (Taylor 1998). It is a naturally occurring process but it 

increases markedly when mining increases the surface area of exposed sulphidic rocks (Taylor 

1998). A common remedial treatment is to cap acid generating soils with compressed clay to 

minimise the oxidation rate and thereby the acid and metal loading of seepage (Jones 1998). 

The clay cap is then covered with benign waste rock, dressed with topsoil and planted (Brooks 

1998).

Salt in soil has inhibitory effects on germination of seeds (Yasseen et al. 1989; Sharma and 

Yamdagni 1989). It also affects plant growth by affecting the ability o f plants to take up water 

due to osmotic effects, damaging roots and reducing growth, and causing nutrient imbalances 

(Marcar et al. 1995). Sodic soils also lead to nutrient imbalances including deficiencies in 

calcium and magnesium. Other constraints of sodic soil on plant growth are poor physical 

condition, poor aeration and toxicity o f specific ions (Marcar e ta l. 1995).

There is often a shortage of topsoil on mine sites and so revegetation must take place on bare 

spoil. Mine spoils are the waste soil and rock material that does not contain sufficient levels of 

the sought commodity to warrant processing. Spoil may also be referred to as waste rock or 

overburden. The characteristics of spoil depends on the environment from which it was mined. 

Spoils may have moderate to high salinity, neutral to strong alkalinity, high clay content and 

poor structure (Philp 1992). In the case o f Ranger mine near Jabiru and Pine Creek mine in the 

Northern Territory in northern Australia, spoils are relatively benign hard rock (CSIRO 

1997a,b). Spoils of the Bowen Basin region of central Queensland range from very acidic to 

very alkaline, are typically nutrient-deficient, and often saline and sodic. The sodic materials 

are highly dispersive and form crusts upon wetting and subsequent drying (Mulligan et al.
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2000). These crusts impede plant establishment and water infiltration. Mine spoil in hard rock 

mines, such as Ranger and Pine Creek, is generally chemically and biologically benign 

(CSIRO 1997a,b). Spoils are heterogeneous, lack fine surface particles through dispersion and 

erosion, and have low infiltration rates compared with undisturbed and stockpiles soils. These 

physical characteristics are likely to limit plant growth (Fitzpatrick et al. 1989), and prevent 

the establishment of some species. Thus, without treatment, above and below ground 

biological diversity in these areas is likely to be restricted to those species that can adapt to site 

soil conditions. 

1.2.2.2 Maintenance of biological diversity 

Often, rehabilitation programs aim to reconstruct an ecosystem that will structurally and 

functionally resemble the pre-disturbance ecosystem (Allen 1988). However, high levels of 

plant and biological diversity (biodiversity) can rarely be replicated economically. Rather, a 

functional diversity that includes the dominant life forms and plants of varying phenology can 

be achieved (Allen 1988). Biodiv~rsity has been defined to include multiple levels of 

biological organisms and their interactions (Noss 1990; West 1993). It is a vital attribute of 

functional and sustainable ecosystems (Freudenberger et al. 1997). Structural diversity 

provides a range of habitat for diverse groups of fauna, and soil pores created by a range of 

soil fauna and plant roots are important for maintaining water infiltration (Greene 1992). 

The establishment of vegetation is one of the more critical aspects of successful rehabilitation 

because of the long term effects it has on aspects of ecosystems diversity such as species 

composition and vegetation structure (Chambers and Wade 1990). The post-mining land use 

will determine species composition and structure. A mix of species is commonly used, 

commonly trees and shrubs. However, grasses are also critical to rehabilitation success and 

their importance is reviewed in section 1.2. Rehabilitation areas on minesites are generally 

highly disturbed and degraded and lack native vegetation cover. Such areas are highly 

susceptible to invasion by undesirable species, primarily exotic species. 
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1.2.2.3 Weed management

Exotic plant invasions represent a threat to natural and managed ecosystems (Prieur-Richard 

and Lavorel 2000). Consequences include: the displacement of native species (Walker and 

Vitousek 1991; Holmes and Cowling 1997; Kwiatkowska et al. 1997); modification of 

ecosystem functioning (D ’Antonio and Vitousek 1992; Richardson 1998); modification of 

disturbance regimes and post-disturbance community dynamics (Mack and D ’Antonio 1998); 

and substantial losses to plant and animal production (Lonsdale 1994).

Weed invasion is generally enhanced by disturbance. A survey o f Australia’s most serious 

weeds showed that most require some form o f disturbance for their dispersal or establishment 

(Hobbs 1991). Minesites are severely disturbed environments and so weed management in 

rehabilitation is often an ongoing issue. Minesites are prone to weed invasion because of their 

disturbed nature and may represent a source of invasion to neighbouring lands.

The establishment of undesirable grasses and other herbaceous species, the seeds of which 

may be introduced in respread topsoil, increase the risk of unplanned fire in rehabilitation 

areas. Grasses such as annual Sorghum species produce a high, flammable fuel load (Lonsdale 

e ta l. 1998).

1.2.2.4 Fire

Protection from fire is an important consideration in the early years of rehabilitation. 

Rehabilitation will fail if  areas are burnt before the sown species have developed adaptive 

mechanisms to tolerate fire. Management of fire is especially important in environments prone 

to frequent fire, such as the wet-dry tropics. Fire protection of rehabilitation areas requires 

active management such as the installation o f fire breaks and fuel-reduction burning to create a 

burnt buffer around the area.

Protection of young plants from fire is important to ensure their longer term survival. Fire is 

generally excluded from rehabilitation areas in northern Australia for several years to maintain
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surface stability and to ensure that vegetation develops fire tolerance (Corbett 1999). Fires that 

occur before such tolerance is developed may cause high mortality. For example, fire in the 

first year after seedling establishment of eucalypts and acacias on rehabilitated borrow pits in 

Kakadu National Park in the Northern Territory killed most seedlings of woody species 

(Setterfield 1997). 
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1.3 GRASSES

Grasses are an important component of nearly all native ecosystems. Grasses, especially 

introduced grasses, are also an important component of rehabilitated landscapes, and can have 

a large influence on post-rehabilitation land use.

The grass family Poaceae (formerly Gramineae) occupies a greater area of the world’s surface 

than any other plant family. Nearly 800 genera and 10,000 species have been described, 

making the Poaceae the fifth largest family among the flowering plants. Grasses occur in a 

wide range of habitats from temperate to tropical, deserts to swamps, coastlines to high 

mountains, and even the Arctic and Antarctic regions. They occur in all continents, and 

grassland and grass-dominated savanna cover over 30% of the land area o f the earth (Cook and 

Clem 2000).

With the tectonic movement o f land masses, and through other influences, the environments in 

which the various grasses were growing have undergone constant change. Grasses have had to 

adapt' to the changes in order to survive, and consequently they have developed into a diverse 

group o f plants. Grasses range in shape from minute herbs less than 2cm high to giant 

bamboos over 30m high (Cook and Clem 2000).

Grasses provide more of our food than any other plant family (Cheplick 1998). The cereal 

grasses were first domesticated through deliberate selection in western Asia, the eastern 

Mediterranean, and meso-America about 10,000 years ago (Amon 1972; Grigg 1974). The 

grains o f grasses such as maize in the Americas, rice in Asia, wheat rye, barley and oats in 

Europe, and the sorghums in Africa form the basis of our carbohydrate diet. The flesh of 

animals that graze on pastures provides our main source of proteins and fats. Grasses, such as 

bamboo, are used for building homes, making thatched roofs, mats, brooms and other pieces of 

household equipment. They form lawn landscapes around homes and parks and are an 

essential feature o f sporting fields such as golf courses, athletic fields and racecourses 

(Barnard and Frankel 1964).
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Grasses play an essential role in the maintenance of biological diversity and ecological 

processes. They provide food, shelter and nesting sites for a range of animals including . 

microorganisms, insects and vertebrates. 

Australia has about 1,240 native and introduced grass species. They belong to 210 genera, 35 

of which are endemic, 111 are indigenous, and 64 are introduced (Roberts 1990). In the 

Northern Territory, there are about 506 grass species of which 54 (10.6%) are introduced 

(Simon and Latz 1994). 

In northern Australia, grasses are a dominant component of vegetation communities and the 

major element of the understorey of tropical savannas. The understorey is typically a mix of 

perennial tussock grasses and frequently tall grasses, notably annual Sorghum species (Tothill 

and Mott 1985; Russell-Smith 1995; Williams et al. 1997a). Grasses are also important for 

indigenous uses such as medicine plants. For example, in the Victoria River District of the 

Northern Territory, a drinking mixture of Triodia pungens (spinifex) is used to make new born 

babies grow up healthy and strong (Smith et al. 1993), and in Arnhem Land, two types of 

lemon grass are used for intestinal ailments (YunupiT\U et al. 1995). Also in Arnhem Land, 

Heteropogon triticeus provides small amounts of water and is used as a temporary thirst 

quencher. 

1.3.1 Introduced pasture grasses 

Numerous pasture grasses have been introduced into Australia for a variety of land uses. Tlie 

earliest record of pasture grass introduction into Australia was guinea grass (Panicum 

maximum) in 1867. Pasture grasses were introduced into Australia relatively early. By 1914, 

species such as Rhodes grass (Chloris gayana), kikuyu (Pennisetum clandestinum) and buffel 

grass (Cenchrus ciliaris), had been brought in from Africa, and paspalum (Paspalum 

diliatatum) from South America (Cook 1999). 

The scientific introduction of pasture grasses into Australia was based on an understanding of 

the nutritional deficiencies of plants growing in different Australian environments, and the 
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suitability of various species to different climates (Barnard and Frankel 1964). After the 

Second World War, high producing introduced grasses and clovers replaced large areas of 

native grasslands in southern Australia. Subsequently, attention was turned to tropical and sub

tropical pastures (Barnard and Frankel 1964). Between 1947 and 1985, 463 grasses and 

legumes were introduced to northern Australia (Lonsdale 1994).

In the 1960s to 1970s, pasture research in the Top End expanded to legumes, in particular 

Stylosanthes species. These species had high productivity, were drought tolerant (Fisher and 

Campbell 1977), and were strongly competitive with sown grasses (Torsell 1975).

1.3.2 Grasses and landscape rehabilitation

Grasses are an integral component of natural and rehabilitated ecosystems because they:

•  stabilise the soil surface so that erosion caused by rainsplash, water streams and wind is 

minimised (Tongway and Ludwig 1997);

•  trap and thereby control the distribution of resources such as soil particles, litter and seeds 

carried by the wind and water (Tongway and Ludwig 1997);

•  provide plant material for recycling by biotic processes, for example termites (Whitford et 

al. 1992), soil microorganisms such as bacteria and fungi (Coventry 1991), and arthropods 

(Crawford 1981; Skujins 1984), and abiotic processes (e.g. via fire, which cycles plant 

material to ash; Hodgkinson and Freudenberger 1997); and

•  provide habitats for vertebrate (Friend and Taylor 1985; Catling and Burt 1995) and 

invertebrate fauna.

Grasses are adapted to most environments and to a wide range o f potentially unfavourable soil 

conditions. This versatility gives grasses a high value for erosion control where the 

amelioration of local conditions is an essential step towards revegetation. Grasses are used to 

control erosion induced by wind, water, frost, salt and gravity (Costin 1964). The ideal grass
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for erosion control should be easy to establish, have a rapid growth rate despite unfavourable 

conditions, be persistent, and capable of rapid reproduction and spread (Costin 1964). 

The use of native grasses for revegetation of mined and other disturbed areas has generally not 

been favoured for several reasons including: 

• the competition effect of native grasses on establishment of native tree and shrub seedlings 

(Morton 1983; Forster and Dahl 1990; Reddell et al. 1993); 

• the accumulation of fine fuel, thereby increasing the susceptibility of revegetation areas to 

wildfire; 

• seed of Australian native grass seed not being available in commercial quantities for 

widespread use. The lack of supply is related to difficulties in broadacre seed production, 

the unreliable nature of wild stands (Waters and Monsen 1999), and inefficient processing 

and handling techniques for chaffy native grass seed (Jensen et al. 1993; Kelly and 

Wiedemann 1999); and 

• poor understanding of the germination and establishment characteristics of many native 

grasses. 

Using native grasses, therefore, involves a risk of revegetation failure. In some situations, for 

example where soil surface stabilisation is paramount, this risk may be unacceptably high. As 

a consequence, introduced grasses, rather than native grasses, have traditionally been used for 

revegetation on minesites in Australia (Hinz 1990). Introduced grasses, also commonly called 

improved pastures, have been shown to possess attributes that favour their use including 

relatively high germination rates, rapid establishment and growth, an ability to survive dry 

season drought and to reproduce for the following year (Hinz 1990). Importantly, seeds are 

readily available on the commercial market and most are inexpensive compared with native 

grass seed. 

A significant proportion of current and past rehabilitation effort on open-cut coal mines in 

central Queensland has involved the sowing of a number of improved pasture grasses and 
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legumes (Grigg et al. 2000). The most popular mine revegetation grasses were Rhodes grass 

(Chloris gay ana), green panic (Panicum maximum var. trichoglume) and buffel grass 

(Cenchrus ciliaris) (Silcock 1992). Of these, Rhodes grass has been the most valuable grass 

because it has good salinity tolerance (Emmerton 1983), is stoloniferous and responds well to 

fertiliser. For many mines, there were lease requirements to return mined land to cattle grazing 

(Roe <?r al. 1996). Seeding introduced pastures was attractive because these grasses provided a 

rapid and generally persistent ground cover, affording some surface stability against erosion in 

the disturbed landscape (Grigg et al. 2000). When these species are sown for rapid 

stabilisation while the slower growing native grasses or trees and shrubs establish, they are 

sometimes referred to as nurse or cover crops (Corbett 1999). Cover crops are used on many 

minesites because the fibrous root systems effectively control erosion and provide organic 

matter (Bellairs and Davidson 1999). Cover crops are also used to maintain mychorrhizal 

populations in stockpiled soil and to build up soil organic matter (Corbett 1999).

An example o f a rapid stabilisation crop in sub-tropical and temperate regions of Australia is 

vetiver grass (Vetiveria zizanioides L). The World Bank developed vetiver grass for soil and 

water conservation in the farmlands of India in the 1980s. It is a native o f the Indian 

subcontinent and was introduced to Australia via Fiji in early 1900s (Thoday 2000). Vetiver 

grass is very effective in stabilising soil slopes because o f its extraordinary ability to rapidly 

develop top growth and a deep, extensive and penetrating root system. It has a high tolerance 

to adverse soil conditions and heavy metal toxicities. In Australia, vetiver grass has been used 

to stabilise mining overburden and highly saline, sodic, magnesic and alkaline (pH 9.5) 

tailings o f coal mines and highly acidic (pH 3.5) and high arsenic tailing of gold mines 

(Thoday 2000). However, the potential of fertile cultivars of vetiver grass to become an 

environmental weed is not known and so it is imperative that only sterile cultivars are used. In 

Australia, a sterile line has been selected and tested and is registered as Monto vetiver. Some 

strains of vetiver such as the Grafton from NSW and Kununurra from WA are known to set 

viable seed and so are not recommended for use in revegetation (Thoday 2000).
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In northern Australia, cover crops consist of pasture species such as Rhodes grass ( Chloris 

gayana), couch grass (Cynodon dactylon) or pasture legumes (Stylosanthes sp.). In central 

Queensland, Rhodes grass and buffel grass (Cenchrus ciliaris) are most commonly used 

(Grigg et al. 2000) for cover crops and revegetation of pastoral land. In the Goldfields regiom 

of Western Australia, annual rye grass has been used at some minesites to provide rapid cover. 

and to accelerate biological input into the soil (B. Loney, Paddington Gold, Kalgoorlie, pers. 

comm.). 

1.3.3 Why use native grasses for rehabilitation? 

Introduced grasses have proved to be successful colonisers, methods of establishment are well 

known and seed can be purchased commercially. Why then, use native grasses when there is a 

paucity of knowledge on their performance as revegetation species and their seed may be 

difficult and costly to obtain? 

The use of native grasses for revegetation of disturbed sites has several potential advantages 

over the use of introduced grasses: 

1. using non-native species is in conflict with the rehabilitation objective of creating native 

ecosystems; 

2. many native grasses can successfully colonise disturbed areas, and survive and reproduce 

(Huxtable and Whalley 1999); 

3. the biodiversity of revegetated areas will be potentially enhanced (DePuit and Redente 

1988) and will provide habitats for wildlife (Bugg et al. 1997); 

4. seeds are available locally (Ashwath et al. 1994a); 

5. fertiliser requirement for native species is generally low (Lodge 1979; Nolan 1994; Nolan 

et al. 1997); 

6. selected native grasses will not result in a weed infestation that may suppress 

establishment and growth of other native species (Stafford 1990); 
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7. many native species possess an innate tolerance of a wide range o f soils (Simpson 1981); 

and

8. native species are well adapted to cope with local disturbances such as fire, drought and 

moderate grazing (Ashwath et al. 1994a).

Attributes five to eight mean that, once native grasses establish, the requirement for ongoing 

management is minimal because populations are more easily maintained than those of non

native species (e.g. Nolan 1994; Huxtable 1997; Nolan et al. 1997).

Introduced sp ecies m ay  becom e w eed  problem s in  revegetation  and other areas and  

prevent the establishm ent o f native species, and thereby ad versely  affect native  

sp ecies b iod iversity  and com position . Lonsdale (1994) reported that, o f the 463 pasture 

species that were introduced into northern Australia between 1947 and 1985, only four species 

were useful to pastoralism and did not become weeds, 60 are now listed as weeds, and 17 are 

classified as useful but are never-the-less listed as weeds. Further, the b io logy  o f som e  

in troduced  sp ecies ind irectly  im pacts on  natural system s b y  changing fire regim es, 

esp ecia lly  fire tim ing and in tensity  (ANPW S 1991; L ow  1997).

1.3.4 What is known about using native grasses for rehabilitation?

Native grasses can potentially be used for grazing, soil stabilisation, roadside revegetation, 

rehabilitation of degraded land and for Aboriginal uses such as traditional food, fibre and 

tools.

1.3.4.1 Research outside Australia

Substantial research on using native grasses for revegetation has been conducted in Africa, 

especially where the post-mining land use is grazing. In about 40 years o f mine rehabilitation 

in South Africa, the objectives have evolved from surface stabilisation to mono-specific 

grasslands to a multiplicity o f different landscapes. There is now a greater emphasis on 

increasing biodiversity in rehabilitated systems (Retham 2000). In South Africa, mining occurs 

in grassland areas that have high agricultural potential, and mined surfaces have been
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7. many native species possess an innate tolerance of a wide range of soils (Simpson 1981); 

and 

8. native species are well adapted to cope with local disturbances such as fire, drought and 

moderate grazing (Ashwath et al. 1994a). 

Attributes five to eight mean that, once native grasses establish, the requirement for ongoing 

management is minimal because populations are more easily maintained than those of non

native species (e.g. Nolan 1994; Huxtable 1997; Nolan et al. 1997). 
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were useful to pastoralism and did not become weeds, 60 are now listed as weeds, and 17 are 

classified as useful but are never-the-less listed as weeds. Further, the biology of some 

introduced species indirectly impacts on natural systems by changing fire regimes, 

especially fire timing and intensity (ANPWS 1991; Low 1997). 

1.3.4 What is known about using native grasses for rehabilitation? 

Native grasses can potentially be used for grazing, soil stabilisation, roadside revegetation, 

rehabilitation of degraded land and for Aboriginal uses such as traditional food, fibre and 

tools. 
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Substantial research on using native grasses for revegetation has been conducted in Africa, 

especially where the post-mining land use is grazing. In about 40 years of mine rehabilitation 
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grasslands to a multiplicity of different landscapes. There is now a greater emphasis on 
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successfully revegetated using annual and perennial grasses native to that area (Retham et al. 

1999). 

In the United States, the use of native species in rehabilitation of mined land has increased 

over the last 15 years due to legal requirements and to a growing acceptance that native 

species are more appropriate than introduced species (Redente and Keammerer 1999). Studies 

in the Rocky Mountain region of the U.S. showed that native species can produce higher 

aboveground biomass than introduced species. However, this pattern was not consistent due to 

the influence of factors, other than seed mix, on community composition, such as abiotic 

conditions and competition between plants (Redente and Keammerer 1999). Other American 

research includes Skeel and Gibson's (1996) assessment of the adaptation of three prairie 

grasses to soil conditions at strip mine sites in Illinois. Bugg et al. (1997) assessed the. 

potential value of using native and non-native perennial grasses to vegetate roadsides in the 

Sacramento Valley of California. They found that some native species were better suited to 

roadside vegetation than non-native species, and that those species that retained at least 25% 

canopy cover were the most suitable. American research has been instrumental in developing 

techniques to harvest and process grass seed (Loch 1993) (see 1.3.4.6). 

1.3.4.2 Research in Australia 

Native grasses were used for revegetation of mined areas in Australia as early as the 1960s 

when Spinifex sericeus was used in dune rehabilitation following sand mining (Brooks 1987). 

Since the late 1980s, many useful native grasses have been identified for use in a range of 

situations such as turf, roadsides, as forages, and for mine rehabilitation in various locations 

throughout Australia (Huxtable and Whalley 1999). Although agricultural interests have 

driven much of the research, t~e use of native grasses for revegetation and amenity purposes is 

increasing (Huxtable and Whalley 1999). This is due mainly to the growing environmental 

awareness of land managers and the community, and the realisation that native grasses re9uire 1 

less management input and are therefore more cost effective than non-native grasses once they: 

are established. The use of native grasses in the maintenance of biodiversity and ecological 

Chapter 1 introduction and review 



processes is now well established (e.g. Dowling and Garden 1991; Humphries et al. 1991; 

Foreman 1995; Coates and van Leeuween 1996), and there is now a stronger focus on 

revegetation programs that aim to increase biodiversity and restore landscape function. The 

mining industry has long placed importance on restoration of whole plant communities 

(Marschke 1996), and the pastoral industry recognises that sowing mixed native species may 

result in a more resilient pasture community than monospecific stands (Silcock and Johnston 

1993). However, the lack o f adequate quantities of a broad range of native grass seed is 

currently hindering large-scale revegetation programs (Waters and Monsen 1999).

Research into native grasses in Australia has been conducted on a number of aspects of the 

suitability of native grasses to landscape rehabilitation. Topics addressed include seed 

harvesting, germination, establishment, growth, the need for fertiliser and the effects of 

subsequent disturbance. These issues are reviewed briefly below.

1.3.4.2.1 Harvesting and processing

Effective and efficient harvesting and processing o f seed represents a potential barrier to the 

use of native grasses in landscape rehabilitation and pasture production. Australian native 

grasses are still essentially undomesticated (Loch et al. 1996). The commercialisation of native 

grasses depends on seed production, access to native stands, the development of appropriate 

seed-harvesting and processing technology (Loch et al. 1996), and the level of demand from 

land managers. Native grasses can vary in form, can cover a wide range o f habitat (Loch et al. 

1996), and do not usually grow as monocultures. Thus, the seed of those relatively few native 

species for which seed is available may be contaminated with seeds of other species. 

Contamination with non-native seed could potentially result in weed infestations, and thereby 

a breach of rehabilitation regulations that prohibit sowing o f introduced species, and long term 

weed management costs.

There is wide variation in the ancillary structures of appendages associated with the florets of 

native grasses that present problems for commercial seed producers and collectors (Loch et al.
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mining industry has long placed importance on restoration of whole plant communities 

(Marschke 1996), and the pastoral industry recognises that sowing mixed native species may 

result in a more resilient pasture community than monospecific stands (Silcock and Johnston 

1993). However, the lack of adequate quantities of a broad range of native grass seed is 

currently hindering large-scale revegetation programs (Waters and Monsen 1999). 

Research into native grasses in Australia has been conducted on a number of aspects of the 

suitability of native grasses to landscape rehabilitation. Topics addressed include seed 

harvesting, germination, establishment, growth, the need for fertiliser and the effects of 

subsequent disturbance. These issues are reviewed briefly below. 

1.3.4.2.1 Harvesting and processing 

Effective and efficient harvesting and processing of seed represents a potential barrier to the 

use of native grasses in landscape rehabilitation and pasture production. Australian native 

grasses are still essentially undomesticated (Loch et al. 1996). The commercialisation of native 

grasses depends on seed production, access to native stands, the development of appropriate 

seed-harvesting and processing technology (Loch et al. 1996), and the level of demand from 

land managers. Native grasses can vary in form, can cover a wide range of habitat (Loch et al. 

1996), and do not usually grow as monocultures. Thus, the seed of those relatively few native 

species for which seed is available may be contaminated with seeds of other species. 

Contamination with non-native seed could potentially result in weed infestations, and thereby 

a breach of rehabilitation regulations that prohibit sowing of introduced species, and long term 

weed management costs. 

There is wide variation in the ancillary structures of appendages associated with the florets of 

native grasses that present problems for commercial seed producers and collectors (Loch et al. 
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1996). Seed collecting and processing methods are discussed in more detail in Chapter six 

(6.4.2). 

1.3.4.2.2 Germination 

Because seed is often directly sown onto disturbed landscapes, knowledge of the germination 

characteristics of the seed is essential. The identification of seed dormancy mechanisms and 

ways to alleviate these have been a major focus of the mining industry in order to re-establish 

endemic plant species to their respective minesites. However, relatively few studies have been 

conducted on the seed biology of native grasses to improve re-establishment, and very few of 

these studies have addressed tropical grass species. 

Research into the germination characteristics of Australian native grasses has mostly been 

conducted under laboratory conditions ( e.g. Hagon and Chan 1977; Mott 1978; Watt 1978; 

Lodge and Whalley 1981; Groves et al. 1982; Baxter et al. 1994; Dixon et al. 1995; Grice et 

al. I 995). Generally, these studies have shown that germination varies widely between and 

within species. However, the respo!lses of native grasses to one of the major factors that 

affects germination, temperature, has generally been consistent, with most species germinating 

best within the range of 20-35°C (e.g. Ross 1976; Mott 1978; Lodge and Whalley 1981; 

Brown 1987; Maze et al. 1993). 

Seed dormancy is common in grasses and is controlled by genetics, environment and the 

interaction of genetics and environment (Baskin and Baskin 1998). Dormancy has been 

described as an adaptive trait that causes seeds to germinate at a time or place that are 

favourable to the subsequent survival of the seedling and adult plant (Pelton 1956; Harper 

1977). Gould (1968) divided the grass family into 25 tribes and 177 important genera and 

reported that seed dormancy occurs within 18 of these tribes and has been recorded in one or 

more species in at least 78 genera. 

Dormancy may be broken by high temperatures, as is the case for winter annuals in temperate 

regions and perennial species in regions with Mediterranean or tropical climates. In temperate 
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regions, seeds of most summer annual grasses come out of dormancy during winter in 

response to low temperatures (Baskin and Baskin 1998). Some grasses require alternating 

temperatures to germinate (e.g. M orinaga 1926; Thompson et al. 1977; Goedert and Roberts 

1986), but the effect may vary depending on the presence or absence of light (Baskin and 

Baskin 1998). In tropical regions, increases in soil temperature appear to increase germination 

of grass seeds (Tothill 1969), and seedlings appear soon after the beginning of the wet season 

(Shaw 1957). Dormancy is also broken during dry storage at room temperature (Nikolaeva 

1969, 1977; Mott 1978). This condition is known as ‘after-ripening’ and is common in many 

Australian grasses ranging from the temperate to tropical areas of northern Australia (e.g. 

Barton 1965; Hagon 1976; Mott 1978).

Removal of layers (de-hulling or de-husking) that cover the “seed” (technically the caryopsis, 

see Chapter 2), especially the palea and lemma, stimulates germination in some species. These 

covering structures modify permeability to moisture and gases. Removing the hull may 

remove dark-inhibition of germination. For example, Echinochloa turnerana after-ripened 

seed could not be germinated in darkness but germinated in light (Conover and Geiger 1984). 

De-hulling increased germination from 2% to 100% showing that light enabled the embryo to 

overcome the repressive influences of hulls. Treatment with the plant growth hormone 

Gibberellic acid (GA3) has also been shown to increase germination in some species 

(Nikolaeva 1977). This is likely to be because the dormant embryos lacked the ability to 

synthesise a GA3-like substance that in turn promotes the synthesis of enzymes needed for the 

utilisation of sugars, amino-acids and other substances. The ability to produce GA3-like 

substances increases with after-ripening (Simpson 1990).

Smoke treatment has been shown to break dormancy, and thus increase germination, in some 

grass species. Treatment with plant-derived smoke significantly increased germination in 5 of 

21 NSW grasses (Read 1997) and in Themeda triandra, a tropical grass (Baxter and Van 

Staden 1994). Read and Bellairs (1999) showed smoke enhanced germination in temperate

21
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grasses and Clarke et al. (2000) showed a trend of increased germination with smoke m 

Austrostipa scabra, Dichanthium sericeum and Themeda australis. 

1.3.4.2.3 Establishment and growth 

Field studies on the germination and establishment of native and non-native grasses m 

Australia and other countries have mainly been from a pastoral perspective (e.g. Leslie 1965; 

Leigh 1990; Whalley 1990; Weston 1990; Mcivor and Gardener 1991; Morgan 1998; 

Harwood et al. 1999). Relatively few studies have concentrated on field establishment of 

native grasses. Nolan et al. (1997) tested native grasses in the central Tablelands of NSW; 

Huxtable ( 1997) researched species for rehabilitation of open cut coal mines in NSW; and 

Huxtable and Whalley (l 999) investigated the success of thee native grasses for revegetating 

roadside environments on the Northern Tablelands of New South Wales. Huxtable and 

Whalley's results showed that grasses had the best chance of successful establishment if sown 

in spring on a bed of cultivated topsoil. Robinson and Archer (1988) assessed biomass and 

relative growth rate of six perennial native grasses compared with two introduced perennial 

grasses in New South Wales. They concluded that native species have valuable agronomic 

features that could be exploited by selection and plant breeding programs for the benefit of the 

grazing industry. 

Grasses are especially useful for roadside planting where trees are inappropriate for safety 

reasons. Desirable features in native grasses for roadsides include low plant height (up to 

30cm), fast germination and re-seeding ability, tolerance of a wide range of soil types and 

variable climatic conditions, and an upright, tussock growth habit with an extensive lateral root 

system (Chang 1987; Huxtable and Whalley 1999). 

1.3.4.2.4 Fertiliser 

The reaction of plants to mineral elements is a major determinant of their natural distribution 

and their ability to grow and survive in modified ecosystems (Andrew and Johansen 1978). 

Native species that are adapted to infertile soils generally show the smallest response to 
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nitrogen and phosphorus and these elements can have a toxic effect. Temperate grasses tend to 

respond more to nitrogen and phosphorus than tropical grasses (Andrew and Johansen 1978), 

thus tropical native grasses have potential for lower nutrient requirements.

The discovery in 1938 that the inability of one of the infertile soils in South Australia to grow 

pastures was due to a deficiency of copper, stimulated a period of intense research on minor 

element deficiencies in grassland development. By the early 1940s it was becoming apparent 

that deficiencies in certain trace elements were widespread throughout Australia (Barnard and 

Frankel 1964).

Using fertiliser increased revegetation growth on denuded construction sites in California. 

Moderate levels of fertiliser application increased the total weight of roots infected with 

mycorrhizae but presence o f topsoil was more important for plant establishment than fertiliser 

(Claassen and Zasoski 1993). Robinson (1976) assessed the response o f native pasture grasses 

in the Northern Tableland of New South Wales. All species responded to the application of 

various levels of nitrogen fertiliser but relatively high levels of application killed some species. 

There was no significant difference between total annual production o f native species and an 

introduced grass, Phalaris tuberosa (phalaris) following fertiliser application.

In the Top End of Australia there have been extensive trials of the effects of fertiliser on 

improved pasture species (e.g. Norman 1966; M iller and Nobbs 1976; W inter and Evans 

1982). Invariably, fertiliser substantially increased the yield of these species. Often, these 

species were sown into native pastures. Many of the native grasses were far less responsive to 

improved N and P nutrition than are improved species (e.g. W ilson and Haydock 1971; 

Silcockand Whalley 1974).

Gray and Ashwath (1994) evaluated the growth of ten native grasses in response to gypsum at 

Ranger Mine, near Jabiru in the Northern Territory. They found that gypsum did not 

significantly increase ground cover in most species but increased growth of the introduced 

Chloris gay ana.
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In the Top End of Australia there have been extensive trials of the effects of fertiliser on 

improved pasture species (e.g. Norman 1966; Miller and Nobbs 1976; Winter and Evans 

I 982) . Invariably, fertiliser substantially increased the yield of these species. Often, these 

species were sown into native pastures. Many of the native grasses were far less responsive to 

improved N and P nutrition than are improved species (e.g. Wilson and Haydock 1971; 

Silcock and Whalley 1974). 

Gray and Ashwath (1994) evaluated the growth of ten native grasses in response to gypsum at 

Ranger Mine, near Jabiru in the Northern Territory. They found that gypsum did not 

significantly increase ground cover in most species but increased growth of the introduced 

Chloris gayana . 

Chapter 1 Introduction and review 



M31A3U pUV UOIlOVpOUJU/ / 13ldni{J

'3JBJ 3JE UOIJEJ3§aAaj JOJ p3qSqqEJS3 U3aq 3ABq JEqj S3SSBJ§ 

3aijbu uo 3jij jo sjaBduq aqj uo saipnjs ‘sassBJ§ ajnjsBd 3aijbu-uou put; 9aijbu uo sjij jo jaBdiui 

aqj uo qajBasaj jo junouiE [EijuEjsqns e uaaq sBq ajaqj q§noqj|y 3-qj sb qans (9861 ubuijss^) 

aauBqjnjsip §uia\o(|Oj saijjadojd luajsXsooa ui XjaAoaaj jo aguBqa jo aond puB jsuubui ‘aajSap 

aqj oj sjajaj aouaqisag ajij sb qans aaunqjnjsip oj aauaqisaj si sadnaspuBj pajEjqiqsqaj 

jo aauajsisjad puB juauidopAap aqj sajouiojd jBqj ajnqujjB Xjiunuiuioa jUB[d |bjia y

'(8861 1° & luiJJBOS) qjA\oj§

A\au oj >(dojs Suijdbjjjb Xq ajnssajd SuizejS ajnqujsipaj oj pasn aq osjb Xeui Suiuing ajnjsBd 

a[oqA\ aqj jaAO asn Suipnajds Xq SuizbjS qajBd jo sjaajja aqj saanpaj ajy Uaqjjng '(Z.661 u°lBd 

puB jjo -0961 MJilus '§'9) uoijanpojd ajnjsBd sasnajaui puB ‘(B986I M3-ipuy) uossas Xjp aqj 

ui X|JBa 4>pid uaajg, qsajj sajsaja ‘qjA\oj§ Xji[Bnb-A\oj ‘pjo saAOUiaj sassBjS ajnjsBd jo §uiiung 

(Z.66I uojbj pus ajo -^9861 M3-ipuy -9961 zvnis puB jajpojs § a) uoijanpojd ajnjsBd 

SuiAOJduii uo passnaoj aABq sassBjS oaijbu uo ajy jo SjaBduq aqj uo saipnjs jBjuauiuadxg

'(£661 ii3W^°N -Z661 ^s[3g -^9861 ^3-ipuy § 3) 3-qj puB ouizbjS jo jaBdiui 

aAijDBjajui aqj uo puB ‘(6661 OBjqy puB Jinj^ tZ-661 lv *3 MSV -9661 ln 13 JOAppq !£86l 

uoagajv § 3) SuizbjS uo ‘(6661 ^qojss^ PUB 33!d -Z.66I 7° >3 -“O -P661 1° *3 s3|bubo ^861 

Jjopq ^996 [ zjjnjs pun ja^pojs §3) sossbjS ajnjssd paanpojjui puB oaijbu uo ajij jo joBduii aqj 

uo qajBasaj jo Xpoq [BijUBjsqns b os[b si ajaqx (8661 1° I3 ;£66l ‘6661 7° I3

SUJB!1I!M. ;I66I ajre/wqjiBjg puB appsuoq t£86I sSjaqjsg puB ajiBA\qjmjg § a) sujajsXs ajnjBui 

ui sapads aajj uo pajBJjuaauoa aABq BqBJjsny ujaqjjou ui ajij jo sjaBduq aqj uo saipnjs Xubj\

'(6661 »3qJOD) poojsjapun

Xpood si BqBJjsny jo qjjou auojd-aj|j aqj ui Xqnpadsa ‘sadBospuE| pajBjqiqBqaj ui ajij jo a[OJ 

aqj ‘jaAaMOH '(Z00Z lv 13 sureq[iAY ‘e/,661 '1° *3 sluBHllM -^861 s§J3qjsg puB ajiBMqjiBjg) 

ajij jajjB XpAijBjaSaA jnojdsaj ubo - snoaoBqjaq pus XpooM qjoq - uoijBjaSaA aqj jo 

sjuauiap jsoui puB ‘BqBJjsny ujaqjjou jo sbuubabs aqj ui aauBqjnjsip jo jua§B joIbui b si ajig

PZ

3JU STPTI

24 

1 .3.4.2.5 Fire 

Fire is a major agent of disturbance in the savannas of northern Australia, and most elements 

of the vegetation - both woody and herbaceous - can resprout vegetatively after fire 

(Braithwaite and Estbergs I 985; Williams et al. 1997a, Williams et al. 2002). However, the 

role of fire in rehabilitated landscapes, especially in the fire-prone north of Australia is poorly 

understood (Corbett 1999). 

Many studies on the impacts of fire in northern Australia have concentrated on tree species in 

mature systems (e.g. Braithwaite and Estbergs 1985; Lonsdale and Braithwaite 1991; Williams 

et al. I 999, 1995; Russell-Smith et al. 1998). There is also a substantial body of research on 

the impact of fire on native and introduced pasture grasses (eg Stocker and Sturtz 1966; Mott 

1982; Canales et al. 1994; Orr et al. 1997; Rice and Westoby 1999), on grazing (e.g. McKeon 

1985; Mcivor et al. 1996; Ash et al. 1997; Muir and Abrao 1999), and on the interactive 

impact of grazing and fire (e.g. Andrew 1986a; Belsky 1992; Noy-Meir 1995). 

Experimental studies on the impacts of fire on native grasses have focussed on improving 

pasture production (e.g. Stocker and Sturtz 1966; Andrew 1986a; Ore and Paton 1997). 

Burning of pasture grasses removes old, low-quality growth, creates fresh 'green pick' early in 

the dry season (Andrew 1986a), and increases pasture production (e.g. Smith 1960; Orr and 

Paton 1997). Further, fire reduces the effects of patch grazing by spreading use over the whole 

pasture. Burning may also be used to redistribute grazing pressure by attracting stock to new 

growth (Scattini et al. 1988). 

A vital plant community attribute that promotes the development and persistence of 

rehabilitated landscapes is resilience to disturbance such as fire. Resilience refers to the 

degree, manner and pace of change or recovery in ecosystem properties following disturbance 

(Westman 1986) such as fire. Although there has been a substantial amount of research on the 

impact of fire on native and non-native pasture grasses, studies on the impacts of fire on native 

grasses that have been established for revegetation are rare. 
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The rate of development of fire resilience in rehabilitated landscapes in northern Australia is 

particularly poorly understood. W hilst it is known that dry season fires have little impact on 

the abundance of many native grasses in natural ecosystems (Norman 1969; Mott and Andrew 

1985; Williams et al. 2002), the impact of fire on native grasses that have been direct-seeded 

to revegetate disturbed areas is unknown. It is not known, for example, at what age grasses 

develop an innate resistance to fire so that they are able to resprout from perennial tussocks, or 

whether one growing season is sufficient to develop a soil seed bank to allow regeneration 

through seedling establishment. It is also not known whether resilience to fire varies between 

species of the same age.

1.3.4.2.6 Grazing

In Australia, it was recognised as early as 1897 by F. Turner, the Government Botanist in 

Western Australia, that natural grasslands had deteriorated from a combination of periodic 

droughts, and the spread of rabbits and overgrazing, mainly by sheep. He advocated the 

preservation and cultivation of indigenous grasses by the establishment of reserves for raising 

seed of the better types (Barnard and Frankel 1964).

In many grazing areas, the use of exotic pasture grasses has long been accepted practice. These 

grasses are generally more productive and seed is available commercially. Many of the exotic 

grasses that are used in Australia originate from Africa where they have evolved under 

conditions of heavy grazing by large, wild herds. Thus, they are better adapted to grazing than 

most Australian native grasses which have mostly developed under relatively light grazing 

pressure imposed by marsupials (Cook and Clem 2000).

The dominance of some introduced pasture grasses in grazing areas and their spread into 

natural systems is of concern. It is a concern for the grazing industry because a decline in 

dominance due to disease or pests would significantly impact on profitability (Cook and Clem 

2000). The dominance o f introduced grasses is an environmental concern because they alter 

the dynamics of natural systems and threaten habitat for native flora and fauna. For example,
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buffet grass is an introduced pasture grass that dominates in central Queensland and is now 

widespread throughout much of the central and northern semi-arid rangelands (Noble et al. 

1997). A farming system cannot be sustainable if it causes a decline in the natural resource 

base and in ecosystem function . 

The use of rehabilitated land for grazing has been reported overseas and in parts of Australia, 

and has been shown to be feasible within certain grazing pressures (Grigg et al. 2000). Grazing 

management should be aimed at maintaining stability and sustainability of the rehabilitated 

surface rather than productivity. Due to the fragility of most rehabilitated land, it is likely that 

a lower safe carrying capacity will be required to achieve this than on surrounding pastoral 

land that is relatively undisturbed (Grigg et al. 2000). 

Chapter I Introduction and review 



27

1.4 THESIS OUTLINE

1.4.1 The rationale for this study

Native grasses are a vital component of most functional landscapes and play critical roles in 

the ecosystem sustainability. However, the brief review in sections 1.2 and 1.3 of the factors 

governing and limiting the use o f native grasses in landscape rehabilitation has indicated that 

there is a paucity of knowledge on germination, establishment and resilience of native grasses 

on disturbed landscapes, especially in northern Australia. This lack of knowledge inhibits the 

use of native grasses and the development of the native grass industry. Therefore, th e re  is 

c lea rly  a n ee d  to  in v es tig a te  th ese  asp ec ts  of th e  b io logy  an d  eco logy  o f n a tiv e  g rass  

sp ec ies to  u se  fo r re v eg e ta tio n  in  p lace  of in tro d u c e d  grasses, w h e th e r  it b e  on  

m in esite s , ro ad s id e s , p a s to ra l o r  o th e r d is tu rb e d  lan d , an d  th is  is th e  ra tio n a le  fo r the  

w o rk  u n d e r ta k e n  in  th is  thesis.

The aim of this thesis, therefore, was to investigate the biology and ecology of a suite of native 

grasses, which have potential for use in the rehabilitation of disturbed landscapes in northern 

Australia. The comparative morphology, germination, establishment and growth, and response 

to dry season drought and fire o f selected native species and an introduced species were 

investigated. Application of the principles and guidelines that are derived from this knowledge 

will enhance the successful rehabilitation of disturbed sites with self-sustaining native 

vegetation communities in northern Australia.

The research is directed primarily at the “revegetation” stage of rehabilitation, that is the initial 

stage of establishment of vegetation rather than the more long term issues such as community 

diversity and dynamics. Thus, the work undertaken concentrates on the first part of the 

rehabilitation process, that of re-establishing vegetation cover. The actual work has been 

undertaken in the context o f landscapes disturbed by mining but the research will have 

applications in sectors other than mining.
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1.4.2 Aims 

The output of this thesis is an evaluation of the potential of each of four grasses that are native 

to the tropical "Top End" of the Northern Territory, as revegetation species. This potential is 

compared with an introduced grass. The native species, Ectrosia leporina, Eriachne 

schultziana, Dichanthium sericeum and Pseudopogonatherum contortum, all have 

morphological characteristics (e.g. robustness and/or habitat characters (e.g. grow on disturbed 

sites)), which suggest that they have good potential for revegetation of disturbed mine sites. 

The introduced species, Chloris gayana, is widely used in revegetation work in northern 

Australia. To achieve this comparative evaluation, I have the following objectives: 

I. To review the literature on the topic of revegetation using native grasses, to identify 

critical gaps in the knowledge on the topic, and to introduce the reader to some of the 

issues involved in landscape rehabilitation, particularly in relation to native grasses. 

2. To measure the biological and nutritional attributes of the selected species and compare 

their attributes with those of an in_troduced grass that is currently used, or has been used for 

revegetation in tropical regions, and to evaluate whether these attributes are such that the 

native species are suitable to use for revegetation. 

3. To measure the seed production and seed purity of the selected native grasses and the 

introduced grass, such that accurate sowing rates can be determined based on seed 

number/seed weight/seed purity relationships. 

4. To investigate the germination behaviour of these species in response to a range of factors 

that may affect germination success. 

5. To investigate the effect of fertiliser on establishment and growth of the native grasses and 

the introduced species, on disturbed surfaces. 

6. To assess the recovery of native and introduced grasses, sown on disturbed surfaces, from 

dry season drought. 
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7. To assess the resilience of the selected grasses to dry season fire on disturbed surfaces.

8. To use the results of these trials to formulate practical, cost-effective guidelines to 

maximise revegetation success using these tropical native grasses.

1.4.3 Thesis structure

Four native grasses were selected as potential revegetation species. The attributes of these 

species were compared to those of an introduced grass that has been commonly used for 

revegetation in the region.

Chapter 1 addresses aim one. It discusses issues that are common to rehabilitation of disturbed 

sites and reviews the literature on using grasses for revegetation. It goes on to discuss issues 

that impact on successful establishment and persistence of grasses in tropical northern 

Australia, and outlines the rationale for this thesis.

Chapter 2 addresses aims two and three, and describes and compares the structure and 

morphology of the grasses evaluated in this thesis. The morphological traits of grasses 

influence their effectiveness to contribute to the maintenance of landscape function at small 

and large landscape scales. Above and below ground biomass is important for minimising 

erosion, canopy cover provides protection for the soil surface from rainsplash, and grass roots 

bind the soil and thereby promote stability. Seed production may influence reproductive 

capacity, and also the optimisation of seed collecting effort. Aggressive grass species may 

compete with emergent tree and shrub seedlings for resources (Forster and Dahl 1990; Morton 

1983; Reddell et al. 1993), and thereby impede the progress of rehabilitation by inhibiting tree 

establishment and growth (Schoenholtz et al. 1992). Where native grasses are used to 

revegetate pastoral land, and if continued grazing is the desired end land use, it is important 

that the nutritional characteristics of the species are known. In this chapter, the nutritional 

value of the grasses was analysed to evaluate their potential as useful pasture species 

compared with the introduced species.
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Chapter 3 addresses aim four, and describes the germination biology of the four native grasses 

and the introduced grass. Germination success will largely determine establishment success, 

and so germination behaviour is an important consideration when selecting native grasses for 

revegetation. Understanding germination biology, especially dormancy mechanisms and the 

ways in which dormancy is broken, will facilitate improvement in revegetation success and 

refinement of revegetation techniques. Germination response to factors that may affect 

germination, namely temperature, seed age, smoke, seed de-husking (removal of external 

structures), and dry season storage in soil was assessed for each of the five grasses. 

Germination often varies between controlled laboratory conditions and field conditions. The 

difference between germination success of non-dormant seed under controlled conditions of 

temperature and moisture in petri dishes and under uncontrolled conditions in soil was also 

investigated. 

Chapter 4 addresses aims five and six, and describes field trials that investigated the 

establishment, growth and resilience over two wet seasons of the five species that were hand 

sown at equivalent rates in single .species plots. It evaluated the effect of fertili ser and the 

recovery of these grasses from the first dry season drought after sowing. The same species 

were also sown in a two species mix of one native grass with the introduced grass, with and 

without fertili ser, to determine whether there were benefits in terms of rapid cover and the 

longer-term sustainability of cover. 

Chapter 5 addresses aim seven, and examines the recovery of the selected grasses after a 

planned early dry season fire and an unplanned late dry season fire. Fire is common in 

northern Australia and most species have adaptive mechanisms for recovery . Species that are 

used for revegetation, especially where those species are the dominant component of the 

developing system, need to possess the ability to rapidly recover from fire. If they lack this 

ability, the risk of soil erosion is increased, the developing ecosystem will not be sustainable 

and rehabilitation will consequently fail. 
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Based on the evaluation of plant structure and morphology, germination biology, and growth 

and resilience o f the four native grasses, Chapter 6 addresses aim eight, and recommends 

strategies to maximise revegetation success using these species.
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and resilience of the four native grasses, Chapter 6 addresses aim eight, and recommends 
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1.5 STUDY AREA 

The study focussed on native grasses that occur in the "Top End" of the Northern Territory, 

north of 15 degrees south, and specifically on Energy Resources of Australia's (ERA) Ranger 

Mine lease, near Jabiru, about 250 km east of Darwin (Fig. 1.1 ). Ranger Uranium Mine ( 120° 

40'S 132°54'E) is surrounded by Kakadu National Park, a World Heritage Area that contains 

cultural and biological values of international significance (Australian National Parks and 

Wildlife Service 1991 ). The long-term rehabilitation goal at Ranger Mine is to establish 

savanna ecosystems that blend with vegetation of the surrounding Kakadu National Park 

(Armstrong 1986). The environment of this part of Australia is described briefly below. 

1.5.1 Climate 

The climate in the Top End is highly seasonal with distinct wet and dry seasons (McDonald 

and McAlpine 1991 ). About 80% of rain fall s between December and March . The average 

annual rainfall at the Jabiru airstrip from 1971 to 2000 was approximately 1500 mm (Fig. 1.2). 

Evaporation (daily mean = 7.2 mm)-exceeds rainfall from April to November (Bureau of 

Meteorology, pers.comm. 1998). The durability, intensity, and onset of the wet season vary 

considerably, and the greatest variability occurs during the transition between annual wet and 

dry seasons (Taylor and Tulloch 1985; Ridpath 1985). Daily temperatures are highest during 

the build up to the wet season from August to December ranging from 35 .7°C in August to 

about 37.5°C in October (Bureau of Meteorology website, (born.gov.au) 1999)). Minimum 

daily temperatures are lowest during June to August at about l9°C. Day length varies little 

with the daily hours of light differing by only 1.5 hours over the year (Taylor and Tulloch 

1985). 
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Fig. 1.1 Location o f Jabiru about 250 km east of Darwin in the Northern Territory, 

Australia, near where ERA’s Ranger Lease is located. The region north of and 

including the Katherine region is colloquially known as the “Top End”.
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Fig. 1.1 Location of Jabiro about 250 km east of Darwin in the Northern Territory, 

Australia, near where ERA ' s Ranger Lease is located. The region north of and 

including the Katherine region is colloquially known as the "Top End". 
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Rainfall at Jabiru Airstrip

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug

Fig. 1.2 Average monthly rainfall (mm) at Jabiru airstrip for 1971/00 (annual 

average = 1498mm)
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1.5.2 Soils 

The main geological and pedological characteristics of Australian savannas indicate that the 

soils of these landscapes are weathered relics of earlier pedological processes (Mott et al. 

1985). The gently undulating lowland plains that stretch from Darwin to the Arnhem Land 

escarpment form part of the Koolpinyah surface (Russell-Smith et al. 1995). The Koolpinyah 

Surfaces comprises a complex of gravels, sands, silts and clays which has been repeatedly 

weathered, eroded, re-deposited and re-weathered (Hays 1967; Williams 1991). 

The soils in the savanna regions near Jabiru were formed from rocks that have been deeply 

weathered over millions of years and so the soils are generally strongly leached and infertile 

(Russell-Smith et al. 1995; Hollingsworth 1998). They have very low organic matter and 

essential plant nutrients, and phosphorus is the primary element that limits growth (Mott et 

al. 1985). These soils are generally shallow and stony and are characterised by a shallow 

stony solum generally less than 30-50cm deep. Sandy to loamy materials predominate 

(Russell-Smith et al. 1995). 

In spite of the intense seasonal rainfall, the rate of erosion is low (Duggan 1989; Roberts et 

al. 1992). Erosion is slow because of the generally low slope angles, a widespread surface 

lag of gravels, protection by leaf litter and the tendency of the soil to form a weak crust. 

Significant erosion does occur, however, where the surface is disturbed, and is most severe 

in the early wet season before vegetation cover is well established (Russell-Smith et al. 

1995). 
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1.5.3 Vegetation

The Kakadu region is one of the most floristically diverse areas of monsoonal Australia 

(Lazarides et al. 1988). Open-forest, woodland and shrubland communities in the Kakadu 

region generally show the highest ratios of species richness per area (Taylor and Dunlop 

1985). The dominant vegetation type in the Alligator Rivers region is savanna (Wilson et al. 

1996). Savanna ecosystems are characterised by having a more or less continuous layer of 

grasses and a discontinuous layer of woody plants (Gillison 1994). Tropical savannas 

dominate all areas o f the world where the climate is tropical and rainfall is highly seasonal. 

In northern Australia, savannas cover about 40% of landscapes and extend in an arc across 

the northern tropics down to the south-eastern subtropical zones, and from the humid coastal 

areas inland to the arid Triodia spp. hummock grasslands. They occur over a wide range of 

climatic and edaphic conditions (Mott etal. 1985).

Tropical savannas in the Northern Territory are typically woodlands that are dominated by a 

Eucalyptus tree layer, a grassy understorey consisting of various combinations of annual and 

perennial grasses and other herbs (Wilson et al. 1990; Williams et al. 1997a). Woodlands 

have a tree foliage projective cover in the range of 10-30% and open forests have a tree 

foliage projective cover in the range of 30-70% (Wilson et al. 1990). The density o f the 

understorey in savannas generally varies inversely with the amount of upper storey 

vegetation (e.g. Beale 1973; Walker et al. 1972; Johns 1981). The tree stratum of the 

savannas of the Top End is often dominated by only a few tree species. Amongst the most 

common trees species are Eucalyptus tetrodonta, E. miniata, Erythrophleum chlorostachys, 

Xanthostemon paradoxus, Terminalia ferdinandiana and Buchanania obovata. The ground 

layer, in contrast, may comprise many life forms and species from numerous families and 

genera (Wilson et al. 1996). The life forms and life cycles o f terrestrial plants of the Kakadu 

region may be described in terms of the annual winter drought (Story 1976; Taylor and 

Dunlop 1985). Annual herbaceous species germinate, grow, flower and set seed within each 

wet season. At least 90% of annual grass biomass is produced during the wet season

36
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perennial grasses and other herbs (Wilson et al. 1990; Williams et al. 1997a). Woodlands 

have a tree foliage projective cover in the range of 10-30% and open forests have a tree 

foliage projective cover in the range of 30-70% (Wilson et al. 1990). The density of the 

understorey in savannas generally varies inversely with the amount of upper storey 

vegetation (e.g. Beale 1973; Walker et al. 1972; Johns 1981). The tree stratum of the 

savannas of the Top End is often dominated by only a few tree species. Amongst the most 

common trees species are Eucalyptus tetrodonta, E. miniata, Erythrophleum chlorostachys, 

Xanthostemon paradoxus, Terminalia ferdinandiana and Buchanania obovata. The ground 

layer, in contrast, may comprise many life forms and species from numerous families and 

genera (Wilson et al. 1996). The life forms and life cycles of terrestrial plants of the Kakadu 

region may be described in terms of the annual winter drought (Story 1976; Taylor and 

Dunlop 1985). Annual herbaceous species germinate, grow, flower and set seed within each 

wet season. At least 90% of annual grass biomass is produced during the wet season 
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(December-April) (Mott et al. 1985). Many perennial herbs, evergreen trees and shrubs 

possess drought-resistant characteristics (Walker and Gillison 1982). 

The site for the field trials (Chapters 4 and 5) had been cleared of all vegetation, and topsoil 

removed. Prior to clearing, the vegetation was eucalypt woodland with an understorey 

dominated by annual sorghum (Sorghum brachypodum). The over-storey tree species 

included Eucalyptus tetrodonta, Erythrophleum chlorostachys and Xanthostemon paradoxus. 

The tree canopy cover of the overstorey averaged 20% and tree height averaged 12m. Mid

storey trees included Acacia mimula, Acacia oncinocarpa, Wrightia saligna, Buchanania 

obovata, Planchonia careya and Cochlospermum fraseri. The mid-storey canopy cover 

averaged 7% and plant height averaged 3.5m. Grasses other than sorghum included perennial 

species such as Alloteropsis semialata, Ectrosia leporina, Heteropogon contortum, 

Heteropogon triticeus and Aristida holothera. There were a range of annual and perennial 

herbs and sedges including Borreria species, Cleome tetrandra, Desmodium species, 

Euphorbia species and Fimbristylis species. The foliage cover of the understorey in 

December 1998 and 1999 was approximately 65-75%. 
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1.5.4 Fire

In northern Australia, fire is a frequent and integral component o f savanna ecology. 

Interpretation o f LANDSAT MSS imagery and detailed ground-truthing showed that 55% of 

lowland savanna regions o f Kakadu National Park were burnt annually over a fifteen year 

period from 1980 to 1984 (Russell-Smith et al. 1997). Fire is commonly used as a land 

management tool to reduce fuel loads (Lonsdale et al. 1998; Williams et al. 2002). It is also 

used to control weeds (Lonsdale and Miller 1993; Grice 1997), and to manipulate pasture 

production (e.g. Dyer et al. 1997; Orr and Paton 1997).

The main aspects o f fire ecology in northern Australia are reviewed in Williams et al. (2002) 

and outlined in Chapter 5. Fires vary according to landscape type, season (which determines 

fire weather), fuel loads and ignition source and nature. The impacts of fire on vegetation 

depend on interactions between fire regime and plant species.

Recent studies have shown that most native savanna species are capable of resprouting after 

fire. However, the rehabilitated landscape must also be able to recover from fire, and its 

associated impacts, to be self-sustaining. Widespread mortality may occur if  fire occurs 

before young plants have developed adaptations to fire and/or a soil seed bank has been 

established to facilitate post fire re-establishment. Thus, although poorly understood in a 

minesite context, fire management is a critical component of rehabilitation programs in 

northern Australia.
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2.1 INTRODUCTION

Grasses are the most widespread vascular plants on earth, occurring from deserts to 

rainforests. They are adapted to a wide range o f soil conditions and occur in a great diversity 

o f forms (Simpson 1990). This versatility gives grasses a high value for restoration and 

maintenance of ecosystem processes (Costin 1964).

In revegetation o f disturbed land, it is essential to establish sufficient plant cover to stabilise 

the soil and to provide for the designated future land use. Selection o f species is a 

fundamental consideration of any revegetation program. Using species that are both robust 

and adapted to the soil, climate, elevation and exposure o f the site will enhance successful 

establishment and persistence of vegetation (Cook et al. 1974; Currier 1971; Plummer et al. 

1968).

The aim o f this component of the thesis was to briefly review the structure and morphology 

o f grasses in general, and to investigate in more detail the structure and morphology o f the 

native tropical savanna grasses that were observed to have potential applications in 

revegetation. Understanding the biological traits o f a particular species will help to evaluate 

the suitability of that species for revegetation in different environmental circumstances and 

to ultimately achieve rehabilitation objectives. Grass species, due to their morphology, 

structure and seed production, may vary in their ability to persist, for example, in soils o f low  

nutrient content, and poor water capturing and infiltration capacity. Different characteristics 

would make some species more suitable.for a given revegetation situation than other species. 

Where grasses are sown for grazing, yield and nutrient content may be an important 

consideration whereas for roadside revegetation, height and persistence under adverse 

conditions and frequent disturbance are important attributes. Understanding dispersal unit 

production and structure will assist in determining which species are most economical to 

harvest in terms of collecting effort and ease o f processing and sowing.
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2.1.1 The grass plant 

Grasses possess the following combination of structural features (Barnard J 964 ): 

• cylindrical jointed stems with short basal internodes; 

• branches of successive orders arranged in alternating planes at right angles; 

• long narrow leaves with parallel veins and sheathing bases; 

• distichous phyllotaxy (leaves on opposite sides of the stem and in the same vertical 

plane); 

• a fibrous root system consisting mainly of adventitious roots arising from nodes at the 

stem; and 

• albuminous seeds (nutrients stored in the endosperm) and caryopsis-type fruits (pericarp 

- fruit wall - fused with the seed). 

The majority of grasses possess all of these features which provide their basic architectural 

design. Differences in structure between genera and species are due to variations in pattern 

within this overall design (Barnard 1964). Tillers (culms, shoots or stems) are the basic 

building block of grasses and differences between growth forms are primarily due to 

differences in intemode elongation and pattern of development of lateral branches (Hartley 

1964). A diagram illustrating the main structural components of the typical grass plant is 

shown in Figure 2.1. 
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Fig. 2.1 Typical grass plant and its components (from Tothill and Hacker 1996). 

The spikelet structure is shown in more detail in Figure 2.2.
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2.1.1.1 Growth forms 

The major growth forms of grasses are the tussock, the hummock, the prostrate or 

stoloniferous and the straggling or ascending types. The mode of branching and the stem 

structure are essentially the same between types. Differences between growth forms are due 

mainly to variation in the pattern of development of the lateral shoots, the length of the stem 

internodes and the probability of bud growth (Harper 1981). 

The tussock habit is found in many annual grasses and most perennials (Barnard 1964). In 

annuals, one main shoot dominates and gives rise to primary lateral shoots. The internodes 

do not elongate during the vegetative phase of growth, so the growing points of the axes 

remain near ground level. These characteristics result in a crowding of tillers and a tufted 

habit (Barnard 1964). Perennial grasses resemble annual grasses in their first year of 

development, except that some of the basal buds form underground stems or rhizomes 

instead of tillers. Rhizomes then, are modified horizontal tillers located below ground that 

facilitate clonal growth, effectiv~ resource acquisition and resource storage (Grace 1993). 

They have short internodes and scale leaves instead of foliage leaves. During the second 

growing season, the apices of the rhizomes develop foliage leaves and tillers and the buds in 

the axils of scale leaves produce new rhizomes. The short internodes of the rhizomes develop 

and maintain the tussock habit (Barnard 1964). 

Hummock grasses, commonly referred to as "spinifex", are perennial grasses in the genus 

Triodia (which now includes the genus Plectrachne). Hummock grassland are distinctively 

Australian (Specht and Specht 1999) and occupy at least 22% of the continent (Griffin 

1984). These grasses, occur on well-drained low-nutrient soils in the arid zone (Winkworth 

1967). The leaves of the hummock grasses are stiff and pointed and occur in clusters at the 

end of persistent stolons. Plants grow as expanding domes with active leaves on the outside. 

The domes may develop into a ring or semi-circle (Noble et al. 1996) as the centre dies off. 
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The prostrate growth form results from the lengthening o f the internodes of the underground 

rhizomes or from the formation of prostrate tillers (stolons) with long intemodes (Barnard 

1964). Stolons are above ground horizontal stems with shoots and roots arising at each node 

(Weier et al. 1974). Each division, often referred to as a runner, has potential for 

independence from its parent. Thus, stolons serve as a means o f vegetative propagation when 

they become severed from the parent (Barnard 1964). In more xerophytic environments and 

especially in sandy habitats, the long rhizome or stolon usually results in a straggling habit. 

Forest margin grasses and tropical grasses also frequently have this habit (Barnard 1964).

Grasses may be annual or perennial species. Some annual species do not resprout after 

defoliation and rely on germination from seed for reproduction. In tropical species, seeds are 

produced at least once a year. Adaptations to compensate for the lack of resprouting ability 

in annual grasses include rapid emergence of seedlings after sufficient rainfall (Andrew and 

Mott 1983), rapid growth rate (Ernst and Tolsma 1992), and shorter life cycle than perennial 

species to enable completion while environmental conditions are favourable. In tropical 

regions, life cycles are completed within a few months. For example, annual sorghums in 

northern Australia germinate with the first rains in November-December, grow rapidly to a 

height o f 2-3m and set seed by the end o f March (Andrew and Mott 1983).

Perennial grasses, in contrast to annual grasses, regenerate primarily from shoots that arise 

from basal buds. Never the less, flowering usually occurs every year. Basal buds are usually 

close to or below the ground surface where they are least affected by fire and grazing 

(Barnard 1964). When the main shoot is cropped, lateral shoots that arise from basal buds 

take its place. Replenishment of leaves and aerial stems is constantly made by growth from 

basal buds and underground rhizomes (Bradshaw 1998). This ability is very important to 

maintain ground cover to withstand low to moderate grazing pressure (Barnard and Frankel 

1964; Ash e ta l.  1997), and other disturbances such as fire (Gill e ta l. 1990).
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The root systems of grasses are fibrous. The root system is correlated with above ground 

biomass so that species with the greatest stem and leaf biomass also have the greatest root 

growth (Weaver 1926). Perennial grasses develop extensive root systems that bind and 

stabilise the soil surf ace and provide strong anchorage against grazing animals (Barnard and 

Frankel 1964). Much of the perennial grass root system dies and is replaced each year. 

Sprague (1933) and Weaver and Zink (1945) found this replacement to be about 50%. 

The tussocks and hummocks of perennial grasses influence the volume and direction of 

runoff by physical obstruction. They also capture vital resources such as water and nutrients 

and become nutrient rich areas with more active biological cycles (Eldridge and Greene 

1994) that form the framework of a self-sustaining ecosystem (Ludwig and Tongway 1997). 

Soils around grass clumps tend to be deeper and have greater infiltration rates due to root 

channels and ant termite tunnels (Tongway et al. 1989). Tussocks and hummocks also 

provide habitat for a diverse range of soil organisms that are vital for nutrient cycling 

processes and soil aeration (Ludwig and Tongway 1997). 
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2.1.1.2 The grass reproductive structures

The grass inflorescence is a compound structure, which is somewhat complex, and 

knowledge o f its component parts can broaden the understanding o f the ecology o f seed 

regeneration in grasses. The following account is based on a number of grass identification 

and ecology texts, such as Burbidge (1966), Whalley (1987), Simpson (1990), Simon and 

Latz (1994), Tothill and Hacker (1996) and Cheplick (1998).

The flowering stem, the inflorescence, is formed by the aggregation o f groups or clusters of

the basic floral units, the spikelets (Fig. 2.2, after Simon and Latz 1994). The spikelet

contains one or more flowers or florets. The stalk at the base of each spikelet is the pedicel, 

and stalked spikelets are referred to as being pedicellate. The most common form of 

arrangement o f the spikelets is in a panicle, a more or less opened-branched structure.

Each spikelet is subtended at the base by two bracts, the glumes. In some species the glumes 

may enclose the whole spikelet, in others the remainder of the spikelet protrudes beyond the 

glumes. Each floret within the spikelet is enclosed by two additional bracts, the lemma, the 

outer bract, and the palea, the inner bract. Both the lemma and the palea may be nerved, and 

the lemma may be have an awn, a long, thin structure. Lemmas are diverse in shape, texture 

and awn type but they are often hairy.

Whilst there are remarkable structural similarities between spikelets, there are differences 

that are often used to distinguish between different genera and species within the grass 

family (van Oudtshoorn 1991). For example:

•  length of spikelet;

• number of florets per spikelet;

•  general shape of the spikelet;

•  presence and shape o f awns and bristles;

•  presence and length o f the pedicels;
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• position and shape of spikelet components such as glume, lemma and palea; 

• degree of hairiness and position of hairs on the various spikelet components; and 

• position of disarticulation of the spikelets from mother plant. 

The florets may be bisexual (containing an ovary and stamens), female (containing an ovary, 

but no male reproductive parts), male (containing stamens, but no ovary), or rudimentary. 

The latter two types of floret are often referred to as sterile florets, as they do not produce 

seed. 

After fertilisation the ovary develops into a one-seeded fruit called the caryopsis, which is 

essentially the "grain" part of the grass seed-complex. The caryopsis is sometimes referred to 

as the "seed", but strictly speaking the caryopsis consists of the fruit wall that is fused to the 

seed itself. 

At dispersal, naked caryopses rarely form the dispersal unit in grasses, as the caryopsis is 

usually still surrounded by the palea and lemma, or the glumes. Alternatively, multiple 

spikelets, each containing caryopses-within-lemma/palea, may be shed at dispersal. The 

terms diaspore and/or dispersal unit are often used to describe the unit of the grass plant that 

is actually shed from the mother plant. The most common dispersal unit is the caryopsis 

enclosed by the palea and lemma and/or glumes. Importantly, not all spikelets that are shed 

at dispersal contain a functional, viable caryopsis, which has implications for determining_ 

seeding rates when revegetating using grasses. 

Awns may aid dispersal and seed burial, as the lower proximal part may be twisted and 

hygroscopically sensitive (Simpson 1990). The twisting of this column in response to 

changes in relative humidity turns the awl, the upper part of the column and distal part of the 

column. The awl acts as a lever to propel the dispersal unit from the spikelet and later along 

the surface of the soil (Raju and Barton 1984). Rigid awns also orient the dispersal unit as it 

falls from the spikelet so that it lands on the soil surface in an upright position (Peart 1981). 
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Fig. 2.2 The structure of a grass spikelet (from Simon and Latz 1994).

A A spikelet with two florets 

B A grass flower

C A grass fruit (grain) -  naked caryopsis

D An expanded schematic diagram of a spikelet with two bisexual florets
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2.1.2 Grasses and revegetation 

The suitability of grass species for revegetation will be influenced by morphological and 

structural characteristics including: 

1. life cycle - i.e. annual/perennial; 

2. growth habit - i.e. upright/creeping/ascending; 

3. above ground biomass; 

4. size of root system; 

5. plant height; 

6. seed production; and 

7. nutrient content. 

The importance of each of these attributes will vary depending on the revegetation situation. 

Low growing species, for example, may be best suited to roadsides for aesthetic and safety 

reasons (Huxtable and Whalley 1999). General features that are desirable in revegetation 

species include reliable germination and re-seeding ability, tolerance of a wide range of soil 

types and variable climatic conditions, and a tussocky upright growth habit with a strong root 

system (Chang 1987). 

A potential end land use for revegetated areas is grazing. The potential of Australian native 

grasses for grazing has been regarded as limited by their low yield, low nutritional value and 

poor resistance to intensive grazing (Roberts 1990). This is despite the fact that over 90% of 

cattle in Queensland are turned off native pastures and over 90% of pastoral animal 

production comes from natural grazing land (Cavaye 1997). The pastoral industry in the 

Northern Territory is also based almost entirely on native pastures. Identifying native grasses 

that could he used to revegetate degraded grazing land may thus provide an economic and 

ecologically sustainable alternative to introduced pasture grasses. 
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In the tropical regions of northern Australia, the major local disturbances that may impact on 

vegetation are frequent fire and annual dry season drought. Grasses used for revegetation 

must therefore be able to withstand such stresses and disturbances. The additional fuel load 

produced by grasses is an important consideration when selecting species for specific 

revegetation situations. Grass fires in areas with a high biomass of fine flammable fuel are 

likely to be more intense and thus cause higher mortality of herbaceous and woody species 

than fires in areas with lower fuel load (Williams et al. 1999).

Plants in northern Australia must also be able to tolerate the annual extended dry period 

during which little or no rain falls. In revegetation areas, it is important that ground layer 

vegetation withstands the dry season drought and can recover from fire, such that it can 

provide vegetative protection to the soil surface from tropical rain events.
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2.2 STUDY SPECIES 

Four native grasses and one introduced grass were assessed for suitability as revegetation 

species. The native species were Ectrosia leporina R. Br., Eriachne schultziana F. Muell., 

Dichanthium sericeum (R. Br.) A. Camus (all perennials), and Pseudopogonatherum 

contortum (Brongn.) A. Camus (an annual). The introduced species was the perennial 

Chloris gayana Kunth. Chloris gayana was included in these trials so that the performance 

of the native species could be compared with that of this widely used introduced species. 

Chloris is commonly used for revegetation in tropical areas and has been the main grass 

species used for rapid revegetation at Ranger Mine since the early 1980's (Armstrong 1986). 

Hereafter, these grasses will be referred to mainly as Ectrosia, Eriachne, Dichanthium, 

Pseudopogonatherum and Chloris, or occasionally as E. leporina, E. schultziana, D. 

sericeum, P. contortum and C. gayana. 

In Kakadu National Park, there are eight species of Ectrosia, 25 species of Eriachne, two 

species of Dichanthium, three Pseudopogonatherum species (all of which are native species), 

and two species of Chloris, both of which are introduced (Brennan 1996a). 

The four native grasses were selected for trial because of the six reasons listed below. 

1. They are all native to the study area and the surrounding region. 

2. Three of the four taxa - Ectrosia, Eriachne and Pseudopogonatherum - commonly grow 

along roadsides where soils are shallow and gravelly. Ectrosia has also been observed 

growing on the waste rock dumps at Ranger, an environment that is nutrient poor 

(Ashwath et al. 1994b). Roadsides are usually hostile environments for plants. Topsoil is 

generally lacking and so nutrients are lower than for areas with topsoil, and the soil 

surface is compacted resulting in low water infiltration capacity and restriction of plant 

root penetration through the soil. Further, roadsides are regularly disturbed by roadside 

maintenance works such as grading and slashing, and by fire. Thus, these species have 
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demonstrated an ability to grow and persist under relatively stressful growing conditions 

where disturbance may also be common.

3. Ectrosia, Eriachne and Dichanthium  are perennial species. Thus, they can be expected to 

establish larger and more persistent root systems than annual species, and therefore, 

potentially provide more consistent soil protection by binding the soil and increasing soil 

stability (Tongway and Ludwig 1997). Further, once established the requirement for 

additional seeding is unlikely because perennial species can reproduce from perennial 

shoots and roots as well as from seed. Thus, species that persist in most roadside 

environments have demonstrated an ability to colonise and persist in disturbed areas 

where growing conditions are difficult.

4. Pseudopogonatherum  is an annual species. As such it is likely to establish more rapidly 

than perennial species and so may be useful in combination with perennials that are 

slower to establish but provide longer term cover. Annual species regenerate from a soil 

seed bank while perennial species may regenerate primarily from basal shoots from an 

established tussock or hummock. Establishing a mix of annual and perennial grasses in 

revegetation areas, therefore, means there is more than one regeneration mechanism. 

This provides insurance against recovery from disturbances by which annuals and 

perennials are differentially affected.

5. Dichanthium  occurs in the region (Brennan 1996a) but is not as common as Ectrosia, 

Eriachne and Pseudopogonatherum. It’s distribution is generally limited to poorly 

drained or seasonally water logged flats (Brennan 1996a). Dichanthium occurs only as 

scattered plants on the lease and has not been observed to voluntarily colonise disturbed 

areas. Nevertheless, this species was selected because o f a greater availability of seed 

compared with the native species. At the time o f this study, seed was available 

commercially from Queensland and so supply was assured should seed collection of 

local species prove difficult.
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6. Seed of Ectrosia, Eriachne and Pseudopogonatherum appeared to be abundant and 

relatively easy to collect because these species often grow as monospecific stands of 

even height along roadsides on the Ranger lease. Moreover, because they have terminal 

compact inflorescences and so seed collection may be relatively efficient. 

2.2.1 Ectrosia leporina R.Br. 

Ectrosia (hare's foot grass; Plate 2.1) is a perennial native Chloridoid tussock grass that 

grows to Im tall. The inflorescence is a 5-15cm panicle, which is sometimes spike-like, with 

short erect branches that are densely packed with awned spikelets (Tothill and Hacker 1996). 

Dispersal units disarticulate above the glumes but not between the florets at maturity. There 

are three to five florets and one, or occasionally two, of these are fertile (Tothill and Hacker 

1996). Hence, dispersal units may contain one or sometimes two caryopses ("seeds") or none 

at all. Spikelets change from green to a characteristic purple during maturation (pers. obs.). 

Ectrosia occurs in a wide variety of habitats both on the Ranger minesite including riparian 

communities and open forest an~ woodland communities (Brennan 1996a), but is most 

common on sandy soils (Tothill and Hacker 1996). 

2.2.2 Eriachne schultziana F. Muell. 

Eriachne (Plate 2.2) is a perennial Arundinoid tussock grass that generally grows up to I.Sm. 

It has two fertile florets per spikelet, and disarticulates above the glumes and between the 

florets. Thus, each dispersal unit consists of one floret and may or may not contain one 

caryopsis. The lemmas are hairy all over (Simon and Latz 1994 ), and are awned. 

Eriachne occurs in woodland, grassland and wetland habitats in Kakadu (Brennan 1996a). In 

undisturbed areas, it is found in eucalypt woodlands, grasslands and lowland areas that are 

poorly drained or seasonally water logged (Brennan 1996a). 
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2.2.3 Dichanthium sericeum (R.Br.) A. Camus

Dichanthium  (Queensland bluegrass) is a native perennial Panicoid tussock grass that is 

slender, tufted and grows to 80cm (Tothill and Hacker 1996). The culms are reddish and the 

leaves are bluish in colour. Inflorescences are erect racemes, 4-7cm long and arranged 

digitately (Tothill and Hacker 1996). It has paired spikelets in the racemes (“arms”) of the 

inflorescence and one of the spikelets contains two florets, o f which the lower is sterile and 

the upper is fertile. The inflorescence disarticulates below the glumes and the two spikelets 

fall as a unit. Therefore, the dispersal unit consists of two spikelets, but potentially contains 

only one functional caryopsis.

The culms (stems) are densely branched at the base and have a prominent distinct ring of 

erect white hairs at the nodes. They are bluish to grey, long and hairy, and there are two to 

five arms in the head (Henry et al. 1995). Dichanthium occurs in grasslands or open 

woodland communities on cracking clay soils on poorly drained flats, or footslopes in 

lowland or plateau regions (Brennan 1996a).

2.2.4 Pseudopogonatherum contortum (Brongn.) A. Camus

Pseudopogonatherum  (black top; Plate 2.3) is an erect and tufted native annual Panicoid 

grass that grows to 1.5m in height (Tothill and Hacker 1996). The inflorescence is a panicle 

of many racemes up to 12cm long. It has paired spikelets. Both spikelets are pedicellate and 

fertile, containing two florets, o f which the lower is sterile and the upper fertile. 

Disarticulation at maturity occurs below the glumes and so the dispersal unit is a spikelet, 

which may or may not contain one caryopsis. Pseudopogonatherum  is distinctive with dark 

brown, silky flower heads, which have golden awns at maturity (Tothill and Hacker 1996). 

In Kakadu, this species occurs in eucalypt woodlands, grasslands and wetland areas 

(Brennan 1996a).
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2.2.5 Chloris gayana Kunth 

Chloris (Pioneer Rhodes grass; Plate 2.4) is an introduced perennial Chloridoid grass that 

originated from South Africa and is now naturalised and cultivated widely in Australia. It is 

tufted, may be stoloniferous, and grows up to 1.5m in height. It usually has three florets per 

spikelet. The lower floret is usually bisexual and fertile and the second is usually male, but 

may occasionally be bisexual and fertile and so capable of producing a caryopsis. A 

rudimentary third floret is commonly present above the other two. The spikelet disarticulates 

above the glumes but not between the florets at maturity. The dispersal unit, therefore, 

consists of a group of florets, which may contain one or two caryopses. 

Chloris grows on a variety of soils in the 700+ mm rainfall zone. It is moderately tolerant of 

drought, heavy grazing, fire (Tothill and Hacker 1996) ·and salinity (Emmerton 1983). 

Rhodes grass is used at Ranger Mine and in other parts of northern Australia to stabilise 

disturbed areas such as roadsides. 
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Plate 2.1 Ectrosia leporina

Ectrosia (hare’s foot grass) 

Generally a relatively short 

perennial native grass to 1m tall. 

Common across the Top End and 

occurs in a range o f  habitats.

The inflorescence is a 5 -15cm 

dense panicle, which is spike

like, with densely packed 

spikelets (Tothill and Hacker

1996). It changes from green to 

purple to yellow during 

maturation.
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Plate 2.2. Eriachne schultziana

Eriachne is a tussock perennial grass to 1.5m. Dispersal units are relatively large, 

hairy and have rigid awns.
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Plate 2.3 Pseudopogonatherum  

contortum

Pseudopogonatherum  (black top) is 

an erect, tufted annual grass that 

grows to 1,5m in height

The inflorescence is a panicle o f  

many racemes up to 12cm long. It 

is distinctive with dark brown, 

silky flower heads, which have 

golden awns at maturity.

Chapter 2 Structure and morphology

Plate 2.3 Pseudopogonatherum 

contortum 

Pseudopogonatherum (black top) is 

an erect, tufted annual grass that 

grows to I .Sm in height 

The inflorescence is a panicle of 

many racemes up to 12cm long. It 

is distinctive with dark brown, 

silky flower heads, which have 

golden awns at maturity. 

57 

Chapter 2 Structure and morphology 



58

Plate 2.4 Chloris gayana

Chloris (Pioneer rhodes grass) is 

an introduced perennial pasture 

grass that is now naturalised and 

cultivated widely in Australia. It 

is tufted, may be stoloniferous, 

and grows up to 1.5m in height. 

The inflorescence is a digitate 

panicle o f  6-15 spikes.
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2.3 METHODS

2.3.1 Sampling

In order to compare morphological traits of the selected species, twenty mature plants each 

of Ectrosia leporina, Eriachne schultziana, Pseudopogonatherum contortion and Chloris 

gayana were collected from single stands along roadsides on the Ranger lease, near Jabiru in 

the Northern Territory. Stands of Dichanthium sericeum  could not be found on the lease and 

so it was decided not to include this species for evaluation of plant traits except for the 

characteristics of the seed, which was purchased commercially. A range of plant sizes was 

collected for each species so that the relationships between biological traits within a species 

could be determined.

Sampling was standardised by sampling plants that were at the same phenological stage, i.e. 

when seeds were apparently mature but still on the plant. For all species, sampling occurred 

in early May. Plants that were growing along roadsides on the Ranger lease were selected for 

sampling rather than plants that were growing in undisturbed woodland because roadside 

growing conditions more closely resemble conditions that plants would experience in 

revegetation areas. Therefore, species that persist under roadside conditions are likely to be 

more tolerant of edaphic and disturbance conditions in revegetation areas. The age of the 

plants that were sampled for each species was not known, except for Chloris, which was 

sown about 2.5 years prior to the time of sampling. Stands of the other species, Ectrosia, 

Eriachne and Pseudopogonatherum had not been burnt for at least three years, nor had they 

been slashed for at least two years.

Plants were dug up to a depth of about 25cm and removed with root systems as intact as 

possible. For each plant, stems or culms were counted, and the length of the longest stem 

(from ground level to the base of the seed head) was measured. Tussock diameter at the 

widest point at ground level was also measured. Inflorescences and roots were removed from
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the stems by cutting and the three components were stored separately in paper bags. Roots 

and stems were oven dried at 65°C for 48 hours or until completely dry , and then weighed. 

The dispersal units (seeds with protective outer structures) were manually removed from the 

body of the inflorescence, placed in paper bags and weighed without drying. The number of 

di spersal units per plant was calculated by dividing the total weight of dispersal units by the 

average weight of an individual unit. To determine the weight of a single dispersal unit for 

each species, five replicates of 200 dispersal units were counted, weighed and the mean was 

calculated. 

2.3.1.2 Seed purity 

Many seed samples contain impurities such as seeds of other species, chaff, sterile florets, 

and broken, immature, undeveloped or diseased caryopses (Pollock 1972). For germination 

testing, it is important that either impurities are removed or only mature caryopses are 

selected for testing. For field establishment, it is important to know the proportion of the 

sown seed that consists of impurities to allow for adjustments to sowing rates if necessary . 

The raw number of dispersal units per plant may not necessarily indicate the number of 

functional caryopses per plant. Detailed analyses of "seed purity" are required to determine 

this . 

To determine seed purity for the species evaluated in this study, random samples were taken 

from seed lots of the study species that were collected in different years. For Ectrosia, 

Eriachne and Dichanthium seed lots from two different years were available while for 

Pseudopogonatherum and Chloris only one seed lot was available. 

Samples consisted only of dispersal units of the target species and so the purity tests 

evaluated the proportion of dispersal units that contained a plump, mature caryopsis 

compared with units that contained either no caryopsis or an immature, undeveloped or 

damaged caryopsis. The plump caryopses were assumed to be viable. A random sample was 

taken from each seed lot. From thi s sample, a sub-sample of 0 .5g for each of Eriachne, 
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Dichanthium, Pseudopogonatherum  and Chloris and O.lg o f Ectrosia was used for purity 

analysis.

Purity was determined according to general definitions prescribed in International Rules of 

Seed Testing (ISTA 1966), and using a diaphanoscope as described in ISTA (1975). The 

diaphanoscope consisted of a glass surface supported by a frame with legs, and a light source 

projected from beneath to illuminate the glass. Dispersal units were placed on the glass and 

viewed with the naked eye. Fully formed caryopses could be seen as a dark shape and these 

units were accordingly classified as pure “seed”. These dispersal units were weighed to 

calculate the proportion of the sample that was pure “seed”. The remaining material was 

classified as inert matter.

2.3.2 Nutrients

Nitrogen is extremely important to plant nutrition because it is a constituent o f proteins, 

nucleic acids and many other important substances (Bidwell 1979). Protein is important to 

grazing animals because it supplies amino acids and nourishes microorganisms in the gastro

intestinal tract.

For nutrient concentration analysis, plants o f Ectrosia, Eriachne, Pseudopogonatherum  and 

Chloris were randomly sampled from roadsides on the Ranger lease in early January 2002. 

Plants were selected from roadsides rather than from undisturbed areas because roadside 

conditions would be more similar to conditions on revegetation areas than to conditions on 

undisturbed sites. Thus, the nutrient content in roadside plants may more closely reflect the 

potential nutrient content o f grasses sown for re vegetation. Plants that were used to evaluate 

species traits, as described above in 2.3.1, were not used for nutrient analysis because those 

plants were seeding, and at that late stage o f growth, the nutrient content o f shoots and leaves 

decreases significantly (Smith 1986). At the time o f sampling for nutrient analysis, plants 

were actively growing and showed no sign o f flowering. Ectrosia plants were about 30cm
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high, Eriachne plants were about 40cm and Pseudopogonatherum and Chloris were about 

80cm high. 

Five replicates of each species were harvested. For Eriachne and Chloris, each replicate 

consisted of one plant. Ectrosia and Pseudopogonatherum plants were substantially smaller 

and so, to ensure that there would be sufficient material for analysis, each replicate consisted 

of two plants bulked. 

Harvesting involved cutting green shoots at about 2-3cm from the base of the plant. Dead 

material, litter and material of non-target species was discarded. Shoots and leaves were 

separated by cutting leaves at the point where leaves departed from the stem, i.e. at the ligule 

(see Fig. 2.1). Thus, stem-clasping leaf sheaths were treated as part of the stem. Replicates of 

each species were placed in paper bags and oven dried at 70°C for 72 hours. Samples were 

then ground in a mill with stainless steel milling surfaces to a particle size of 0.5mm or less. 

Prior to analysis, samples were redried for four hours at 80°C. 

Nitrogen (N), phosphorus (P) and potassium (K) concentration (%) were determined by flow 

injection analysis. The detection limit for N was 0.01 %, for Pit was 0.001 % and for Kit was 

0.01 %. Crude protein (%) was calculated by multiplying the empirically determined nitrogen 

content by 6.25 (e.g. Crampton and Harris 1969; Jones and Wilson 1987). 
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2.3.3 Data analysis

One way ANOVAs (analyses of variance) were used to test differences in various physical 

plant traits between species. Differences in the means of the various plant traits between 

individual species were tested by Tukey honest significant difference (HSD) multiple range 

test. Regression analysis was used to test the relationships of various traits for each species 

(e.g. tussock diameter and root weight). Tussock diameter was generally the predictor 

variable and variation in the respective plant trait was the response variable.

Two way ANOVA was used to assess the differences in nutrient content between species 

and between plant parts, shoots and leaves. One way ANOVA tested the difference in overall 

nutrient content (shoots and leaves combined) between species. Again, differences in the 

means o f the various parameters between individual species were tested by Tukey honest 

significant difference (HSD) multiple range test.
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2.4 RESULTS 

2.4.1 Relationships between traits within species 

There was a significant positive, linear relationship for all species between tussock diameter 

and both root weight and shoot weight (Table 2.1; Figs. 2.3 & 2.4). The weight of dispersal 

units per plant was also strongly correlated with shoot weight (Fig. 2.5). The relationships 

between these traits were moderately predictable, with R2 values generally between 0.5 and 

0.75 (Table 2.1). The regression slopes differed significantly between species. 

The relationships between the dependent variables and predictor variables were generally 

stronger for Ectrosia and Eriachne than for Pseudopogonatherum and Chloris. The strongest 

relationship between the various plant traits of Ectrosia and Eriachne was root weight and 

tussock diameter. Not surprisingly, plants with a larger tussock diameter had a larger root 

mass. For Pseudopogonatherum the strongest relationship was between shoot weight and 

number- of dispersal units, so that plants with large above ground biomass produced more 

units. For Chloris, the strongest relationship was between shoot weight and tussock diameter 

and the number of dispersal units and shoot weight. 
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Table 2.1 Parameters ( + standard error) from linear regressions testing differences in 

slope and intercept of regression lines that describe the relationship between tussock 

diameter (mm) and root dry weight (mg), tussock diam eter and shoot dry weight (mg), 

and shoot dry weight, and the num ber o f dispersal units per plant.

Species Dependent Predictor Slope + Constant R2 P

variable variable SE + SE

Ectrosia Root weight Tussock 0.068 + -1.513 + 0.743 <0.001

diameter 0.009 0.349

Shoot weight Tussock 0.605 + -9.619 + 0.739 <0.001

diameter 0.084 3.146

Number of Shoot 237.66 1713.04 + 0.698 <0.001

dispersal units weight + 43.38 615.07

Eriachne Root weight Tussock 0.099 + -1.598 + 0.736 <0.001

diameter 0.014 0.777

Shoot weight Tussock 1.349 + -28.789 + 0.663 <0.001

diameter 0.226 12.525

Seed number Shoot 18.51 ± -35.576 + 0.673 <0.001

weight 3.041 18.51

P. contortum Root weight Tussock 0.004 + 1.19 + 0.337 <0.05

diameter 0.001 0.078

Shoot weight Tussock 0.055 + 5.633 + 0.455 <0.05

diameter 0.015 0.844

Number of Shoot 293.35 -230 + 0.893 <0.001

dispersal units weight +_25.39 219.9

Chloris Root weight Tussock 0.064 + -0.333 + 0.260 <0.05

diameter 0.866 0.026

Shoot weight Tussock 0.670 + 1.899 + 0.500 <0.05

diameter 0.158 5.40

Number of Shoot 57.334 597.77 ± 0.477 <0.001

dispersal units weight + 14.13 364.06
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Fig. 2.3 Variation in root weight per plant as a function of tussock diameter per plant 

in two native perennial grasses, (a) Ectrosia leporina and (b) Eriachlle sclmltziana, (c) a 

native annual grass, Pseudopogonatherum contortum and (d) an introduced perennial 

grass, Chloris gayana. See Table 2.1 for regression parameters. 

Chapter 2-Structure and morphology 



67

(a) Ectrosia
50

tu ssock  diameter (mm)

(b) Eriachne
120

tu s so ck  diameter (mm)

(c) P. contortum -
16 -

♦

tu ssock  diameter (mm)

Fig. 2.4 Variation in shoot weight per plant as a function of tussock diameter per plant 

in two native perennial grasses, (a) Ectrosia leporina and (b) Eriachne schultziana, (c) a 

native annual grass, Pseudopogonatherum contortum and (d) an introduced perennial 

grass, Chloris gay ana. See Table 2.1 for regression parameters.
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Fig. 2.4 Variation in shoot weight per plant as a function of tussock diameter per plant 

in two native perennial grasses, (a) Ectrosia leporina and (b) Eriachne schultziana, (c) a 

native annual grass, Pseudopogonatherum contortum and ( d) an introduced perennial 

grass, Chloris gayana. See Table 2.1 for regression parameters. 
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Fig. 2.5 Variation in number of dispersal units per plant as a function of shoot weight 

per plant in two native perennial grasses, (a) Ectrosia leporina and (b) Eriachne 

schult;Jana, (c) a native annual grass, Pseudopogonatherum contortum and (d) an 

introduced perennial grass, Chloris gayana. See Table 2.1 for regression parameters. 
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2.4.2 Comparing traits between species

2.1.1.1 Biomass

Table 2.2 shows the mean values for the various plants traits for each species. Eriachne 

plants had significantly higher above ground biomass (41.3g per plant, P<0.01) and 

substantially larger root mass (3.6g per plant) than plants of the other three species. Ectrosia 

had low shoot biomass with only 11.5g despite producing numerous shoots. Thus, the shoots 

of this species are relatively fine. Pseudopogonatherum  had the lowest shoot mass at 8.5g 

but had a similar tussock diameter (51mm) to Eriachne (52mm). The tussock diameters of 

both Eriachne and Pseudopogonatherum  were significantly larger than those of Ectrosia and 

Chloris (P<0.05).

Table 2.2 Plant traits of two native perennial grasses, Ectrosia leporina and Eriachne 

schultziana, a native annual grass. Pseudopogonatherum contortum, and the introduced 

perennial grass Chloris gayana. Data are means and standard errors. Different 

superscripted letters for a trait indicate that the means between species were 

significantly different. The same letters indicate that there was no significant difference 

between means.

Trait (mean per plant) Ectrosia Eriachne Pseudopogonatherum Chloris

Mean shoot length 
(cm)

61.3a± 10.81 106b+ 15.80 102.2b+ 10.75 146.5C± 
30.50

Shoot wt (g) 11.51a + 9.06 41.28b±
32.38

8.5a+ 1.87 23.58a±
10.63

Root wt (g) 0.85a± 1.01 3.57V2.26 1.35b+ 0.06 1.76b±
1.42

Root/shoot ratio 0.062a± 0.03 0.135b;±0.11 0.164b+ 0.02 0.074a±
0.04

Shoot/root ratio 22.66a + 
17.33

11.50a,b + 
7.00

6.22b± 1.08 20.18a + 
15.18

Number of shoots 33.5a± 27.93 21.8a ±.12.36 15.9b+ 1.02 5.0b + 
2.66

Tussock diameter 
(mm)

34.9a + 12.86 51.9bt l9 .5 6 51.l b± 22.79 33.1a±
11.2
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Table 2.2 shows the mean values for the various plants traits for each species. Eriachne 

plants had significantly higher above ground biomass ( 41.3g per plant, P<0.0 1) and 

substantially larger root mass (3.6g per plant) than plants of the other three species. Ectrosia 

had low shoot biomass with only 11.5g despite producing numerous shoots. Thus, the shoots 

of this species are relatively fine. Pseudopogonatherum had the lowest shoot mass at 8.5g 

but had a similar tussock diameter (51mm) to Eriachne (52mm). The tussock diameters of 

both Eriachne and Pseudopogonatherum were significantly larger than those of Ectrosia and 

Chloris (P<0.05). 

Table 2.2 Plant traits of two native perennial grasses, Ectrosia leporina and Eriachne 

sclmltziana, a native annual grass. Pseudopogonatherum contortum, and the introduced 

perennial grass Chloris gayana. Data are means and -standard errors. Different 

superscripted letters for a trait indicate that the means between species were 

significantly different. The same letters indicate that there was no significant difference 

between means. 

Trait (mean per pJant) Ectrosia Eriachne Pseudopogonatherum Chloris 

Mean shoot length 61.3"± 10.81 J06b ±__15.80 102.2b ± I 0.75 146.5°± 
(cm) 30.50 

S
1

hoot wt (g) 11.51"± 9.06 4J.28b ± 8.5•± 1.87 23.58a± 
32.38 10.63 

Root wt (g) o.85.± 1.01 3.57b ±._2.26 l.35b± 0.06 1.76b ± 
1.42 

RooUshoot ratio 0.062a ± 0.03 0.135b±._0.ll 0.164b± 0.02 0.074a± 
I 0.04 

ShooUroot ratio 22.66a± l l.50a,b ± 6.22b ± 1.08 20.18a± 
17.33 7.00 15.18 

Number of shoots 33.5a± 27.93 21.8·±...12.36 15.9b± 1.02 5.0b± 
2.66 

Tussock diameter 34.9a± 12.86 51.9b±._19.56 51.1 b ± 22.79 33.la± 
(mm) 11.2 

I 

Chapter 2 Structure and morphology 



\8ojoyduoui puv aumomjg z jsjdvyj

•suomj jo jnqj

sauuj 9 jnoqB pun ‘wmtpuvpoiQ puB mnu9ipvuo8odopn9s(j qjoq jo JBqj sauuj pZ ‘visouiog 

jo jBqj sauuj gz JnoqB aq oj paau pjnoM auijjvug jo (( Rq 3q) ajRi §uimos aqj ‘jqSiaM 

ubaiS b joj sjiun jBsaadsip jo jaquinu aqj ui saiaads uaa/wjaq saauajajjip joj junoaaB ox

•(sjiun uoqqui g'z) sjuBjd

suopfj ZSZ‘1 PUB (spun uoqqui fzO’l) sjutqd wmsifivuoSodopnasj Z9P ‘(sPun 000‘OOt7 

jnoqB) sjuBjd BuijjouTj Z6S qjiM pajBdiuoa sjinqd ggo‘z jo oSbjoab ub ajmbaj p[noM (sjiun 

uoqqui o[) sjiun [Bsjadsip visoujog jo oiBjSopq auo jaaqoa ox (sjiun 0£6‘l) s'!-lollID PUB 

(sjiun ggz *£) uimsiiwuoSodopndsj ‘(jun[d Jad sjiun 9^9) auiiovug uBqj ajoui ,([juboij;u§is 

sra\ qoiqA\ ‘juBjd jad sjiun £98‘j7 SuioBjbab ‘sjiun jBSjadsip jo jaanpojd aijqojd jsoui aqj sba\ 

visoujog '(£'Z 9[qBx) SiuOS'Z J° jqSiaM uBaui b qjiM saiaads oaij aqj jo jsaSjBj aqj ojom sjiun 

ampvug -g'z ajuqj ui UA\oqs ajB saiaads oaij aqj jo sjiun [Bsjadsip aqj jo sazis aAijiqaj aqx

•ssapiBq si puB apsuq jo ua\b jjoqs Xjoa 

b SBq suo]i{j -aaBjjns qos aqj ojui ajodsBip aqj Suimojos XjaAijaajja puB Suiuinj puB Suijsimj 

Xq ajnjsioui oj puodsaj Xaqj si JBqj ‘('scl0 'SJad) aidoasojSXq ojb uimatjjvuoSodopnasj 

puB umnpuvifDiQ ‘auipvtiT} jo sumb aqx 'Biuuiaj aqj jo Xpoq aqj sb 3uo[ sb Xpnau 

ua\b autj b SBq visojiog -ssapiBq si puB apsuq jo ua\b jjoqs Xjoa b SBq suopu -sumb 3uo| 

puB sjiBq aABq [[B lumaipvuoSodopnas^ puB uunijjuvijaiQ ‘auifovug jo sjiun (Bsjadsip aqx

spun fvsjadsiQ J'J'P’Z

•(w.o'0) sy°iiD pur texro)

DjsojjjTj joj UBqj jaqSiq XpuBoijiuSis ojom qaiqM jo qjoq ‘(Wl’O) uimaipvuoSodopmsj 

puB (ggxo) duipnug uaaMjaq jbjiujis sbm oijbj aqx ‘saiaads jjb joj (£‘o>) a\o[ ojom soijbj 

jooqs/jooj aqx ‘(sjooqs 9[) utmaipvuoSodopnasj puB (sjooqs 5) suop/j UBqj ‘(XjaAijaadsaj 

1000'0>d ‘siuajs ££ puB [0 0>d ^suiajs ZZ) Juujd jad sjooqs ajoui XpuEatjiuSis paanpojd 

vjsojiDTj puB 9UI/0VU7J '([00'0>d) saiaads jaqjo aqj UBqj sjooqs jaSuoj Xpunaijiugis pBq 

suopu pus (i000'0>d) saiaads aajqj jaqjo aqj UBqj sjooqs jajjoqs XpuB0ijiu3is pBq visoujjtj

01

70 

Ectrosia had significantly shorter shoots than the other three species (P<0.0001) and Chloris 

had significantly longer shoots than the other species (P<0.001). Eriachne and Ectrosia 

produced significantly more shoots per plant (22 stems; P<0.01 and 33 stems; P<0.0001 

respectively), than Chloris (5 shoots) and Pseudopogonatherum (16 shoots). The root/shoot 

ratios were low (<0.2) for all species. The ratio was similar between Eriachne (0.135) and 

Pseudopogonatherum (0.164), both of which were significantly higher than for Ectrosia 

(0.062) and Chloris (0.074). 

2.4.1.1 Dispersal units 

The dispersal units of Eriachne, Dichanthium and Pseudopogonatherum all have hairs and 

long awns. Chloris has a very short awn or bristle and is hairless. Ectrosia has a fine awn 

nearly as long as the body of the lemma. The awns of Eriachne, Dichanthium and 

Pseudopogonatherum are hygroscopic (pers. obs.), that is they respond to moisture by 

twisting and turning and effectively screwing the diaspore into the soil surface. Chloris has a 

very short awn or bristle and is hairless. 

The relative sizes of the dispersal units of the five species are shown in Plate 2.5. Eriachne 

units were the largest of the five species with a mean weight of 2.50mg (Table 2.3). Ectrosia 

was the most prolific producer of dispersal units, averaging 4,865 units per plant, which was 

significantly more than Eriachne (676 units per plant), Pseudopogonatherum (2, 255 units) 

and Chloris (1,950 units). To collect one kilogram of Ectrosia dispersal units (10 million 

units) would require an average of 2,055 plants compared with 592 Eriachne plants (about 

400,000 units), 462 Pseudopogonatherum plants (1.04 million units) and 1,282 Chloris 

plants (2.5 million units). 

To account for differences between species in the number of dispersal units for a given 

weight, the sowing rate (kg ha-1
) of Eriachne would need to be about 25 times that of 

Ectrosia, 2.7 times that of both Pseudopogonatherum and Dichanthium, and about 6 times 

that of Chloris. 
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However, these estimates take no account o f “seed” purity, that is, the proportion o f dispersal 

units that contain a mature caryopsis. It is necessary to understand purity in order to calculate 

seed production and to calibrate sowing rates.

Plate 2.5 Dispersal units of (from left to right) Ectrosia leporina (weight = O.lOmg), 

Chloris gayana (weight = 0.40mg), Dichanthium sericeum  (weight = 0.90mg), 

Pseudopogonatlierum contortum  (weight = 0.96mg) and Eriachne schultziana (weight = 

2.5mg). Large graduations on the ruler indicate 1cm and medium graduations indicate 

1mm.
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However, these estimates take no account of "seed" purity, that is, the proportion of dispersal 

units that contain a mature caryopsis. It is necessary to understand purity in order to calculate 

seed production and to calibrate sowing rates. 

Plate 2.5 Dispersal units of (from left to right) Ectrosia leporina (weight = 0.10mg), 

Chloris gayana ( weight = 0.40mg), Dichanthium sericeum ( weight = 0.90mg), 

Pseudopogonatherum contortum (weight= 0.96mg) and Eriachne schultziana (weight= 

2.5mg). Large graduations on the ruler indicate 1cm and medium graduations indicate 

1mm. 
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Seed purity for each species (Table 2.3) was calculated from various seed lots. Pure seed is 

defined here as a dispersal unit that contains a mature caryopsis. Pseudopogonatherum had 

the lowest purity with only 15% of dispersal units containing a mature caryopsis. Eriachne 

had substantially higher purity than the other species with an average of 73% over two seed 

lots collected in different years. Purity for Ectrosia was 46%, for Dichanthium it was 38% 

and for Chloris it was 22%. 

Seed purity affects the volume of dispersal units that is required to collect a specified weight 

of pure seed (Table 2.3). For example, the low purity of Pseudopogonatherum means that to 

collect 1kg of pure seed requires harvesting of about 3,080 plants compared with 462 plants 

for the same weight of dispersal units. Due to the large size of Eriachne dispersal units and 

high seed purity, only 806 plants of this species are required for 1kg of pure "seed". For 

Ectrosia, 4,500 plants are required for 1kg of seed. However, 1kg of Ectrosia dispersal units 

contains 4.56 million seeds compared with only 294,000 seeds for the same weight of 

Eriachne dispersal units. 
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Table 2.3 Mean (+ standard error) of dispersal unit production, weight and “seed” 

purity of Ectrosia leporina, Eriachne schultziana, Dichanthium sericeum, 

Pseudopogonatherum contortum and Chloris gayana. Years in brackets indicate year of 

collection. 1 “seed” = 1 plump caryopsis. na for Dichanthium sericeum indicates that 

plants were not available to sample in the study area.

T ra it Ectrosia Eriachne Dichanthium P. contortum Chloris

Dispersal unit wt 
(mg)

0.10 2.50 0.90 0.96 0.40

Dispersal unit wt 
per plant (g)

0.486 ± 
0.29

1.69 ± 1.87 na 2.16 ± 1.87 0.78 ±0.35

Number of dispersal 
units per plant

4,865“ + 
1088

676b± 167 na 2,254c± 528 l,950bc±
436

Number of dispersal 
units per kg

10,000,000 400,000 1,111,100 1,041,166 2,500,000

Number of plants 
for 1kg of dispersal 
units

2,055 + 
486

592^155 na 462 ^229 1,282 + 
603

“Seed”  purity(%) 45.6 ±6.3 73.4 + 9.5 38.1 ± 4 15 22.2

(1996, 97) (1997,98) (1996, 97) (1998) (1997)

“Seeds” per plant 2,190 + 
496

493± 122 na 338 ±79 429 ± 97

Number of plants 
for 1kg of pure 
“seed” (in dispersal 
units)

4,506 + 
1065

806 ±211 na 3,080 ± 1526 5,623 ± 
2,716

Number of “seeds” 
in 1 kg of dispersal 
units

4,560,000 293,600 423,330 156,175 555,000
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Table 2.3 Mean (± standard error) of dispersal unit production, weight and "seed" 

purity of Ectrosia leporina, Eriaclme sclmltziana, Dichanthium sericeum, 

Pseudopogonatherttm contortum and Chloris gayana. Years in brackets indicate year of 

collection. 1 "seed" = 1 plump caryopsis. na for Dichanthium sericeum indicates that 

plants were not available to sample in the study area. 

Trait Ectrosia Eriaclme Dichanthium P. contortum Chloris 

Dispersal unit wt 0.10 2.50 0.90 0.96 0.40 
(mg) 

Dispersal unit wt 0.486 ± 1.69 ± 1.87 na 2.16 ± 1.87 0.78 ± 0.35 
per plant (g) 0.29 

Number of dispersal 4,865.± 676°± 167 na 2,254c± 528 ],950°•C ± 
units per plant 1088 436 

Number of dispersal 10,000,000 400,000 1,1 I 1,100 1,041,166 2,500,000 
units per kg 

Number of plants 2,055 ± 592±)55 na 462 ±.,229 1,282 ± 
for 1kg of dispersal 486 603 
units 

"Seed" purity(%) 45.6± 6.3 73.4 ± 9.5 38.1 ± 4 15 22.2 

(1996, 97) (1997,98) (1996, 97) (1998) (1997) 

"Seeds" per plant 2,190 ± 493 ± 122 na 338 ± 79 429 ± 97 
496 

Number of plants 4,506± 806 ± 211 na 3,080 ± 1526 5,623 ± 
for 1kg of pure 1065 2,716 
"seed" (in dispersal 
units) 

Number of "seeds" 4,560,000 293,600 423,330 156,175 555,000 
in 1 kg of dispersal 
units 
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2.4.3 Nutrients 

Species varied significantly in crude protein, N, P and K content (P<0.001, Table 2.4). There 

was also a significant difference in the amount of protein, N and P between shoots and leaves 

(P<0.001), and in the interaction between species and plant part (P<0.001), i.e. shoots and 

leaves. 

Table 2.4 Significance of differences in concentration of crude protein, N, P and K and 

plant part ( shoots and leaves) of Ectrosia leporina, Eriaclme schultziana, 

Pseudopogonatherum contortum and Chloris gayana as determined by two-way 

ANOV A. ** = P<0.01, *** = P<0.001, ns = not significant. 

Protein(%) N(%) P(%) K(%) 

Species *** *** ** *** 

Plant part *** *** ns *** 

Species*plant part *** *** *** *** 

-

Ectrosia and Chloris had significantly higher crude protein with 5.64% and 4.98% 

respectively, than Eriachne (P<0.01, 3.83%) and Pseudopogonatherum (P<0.05, 4.15%, 

Table 2.5). The higher level of crude protein in Ectrosia and Chloris was due to higher N. 

content, from which crude protein was calculated. Ectrosia plants contained 0.832% N, 

Chloris plants contained 0.795% N, Eriachne plants had 0.660% and Pseudopogonatherum 

plants had 0.612% N. 

Phosphorus was significantly higher in Pseudopogonatherum than in the other three species 

(P<0.001; 0.083%), which ranged from 0.042% for Ectrosia to 0.059% for Chloris. 

Potassium was significantly lower in Ectrosia (0. 781 % ) than in Pseudopogonatherum 

(1.472%) and Chloris (1.501 %). Eriachne plants had 1.179% K. 
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Table 2.5 Mean proportion (% )  o f crude protein, N, P and K in combined shoots and 

leaves o f Ectrosia leporina, Eriachne schultziana, Pseudopogonatherum contortum  and 

Chloris gayana. Values with different superscripted letters indicate that species are 

significantly different for that element.

Element Ectrosia

(% )

Eriachne

(%)

Pseudopogonatherum

(% )

Chloris

(%)

Crude protein 5.64a 4.15b 3.83b 4.98a

Nitrogen (N) 0.90a 0.66b 0.6 l b 0.79ab

Phosphorus (P) 0.042a 0.047ab 0.083c 0.060b

Potassium (K) 0.78oa 1.18ab 1.47bc 1.50bc

Protein and nitrogen content was significantly higher in leaves than in shoots for each 

species (Figs. 2.6a, b). Phosphorus content in leaves and shoots varied between species, 

being higher in leaves for Ectrosia and Chloris and higher in shoots for Eriachne and 

Pseudopogonatherum  (Fig. 2.6c). Potassium was significantly higher in shoots than in leaves 

(P<0.001) for all species except Ectrosia (Fig. 2.6d).
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Table 2.5 Mean proportion(%) of crude protein, N, P and Kin combined shoots and 

leaves of Ectrosia leporina, Eriachne schultziana, Pseudopogonatherum contortum and 

Chloris gayana. Values with different superscripted letters indicate that species are 

significantly different for that element. 

Element Ectrosia Eriachne Pseudopogonatherum Chloris 

(%) (%) (%) (%) 

Crude protein 5.64a 4.}5b 3.83b 4.983 

Nitrogen (N) 0.903 0.66° 0.61° 0.79a.o 

Phosphorus (P) 0.0423 0.047a.b 0.083c 0.060° 

Potassium (K) 0.7803 1.}8a,b } .47b.c } .50b.c 

Protein and nitrogen content was significantly higher in leaves than in shoots for each 

species (Figs. 2.6a, b). Phosphorus content in leaves and shoots varied between species, 

being higher in leaves for Ectrosia and Chloris and higher in shoots for Eriachne and 

Pseudopogonatherum (Fig. 2.6c). Potassium was significantly higher in shoots than in leaves 

(P<0.001) for all species except Ectrosia (Fig. 2.6d). 
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Fig. 2.6 Mean proportion(%) of (a) crude protein, (b) N, (c) P and (d) Kin shoots and 
leaves of Ectrosia leporina, Eriachne schultziana, Pseudopogonatherum contortum and 
Chloris gayana. Vertical bars indicate standard error. Different superscripted letters 
between species indicate that those speeies have significantly dff erent % concentration 
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2.5 DISCUSSION

Understanding the basic structural characteristics of potential revegetation species is 

important because o f the critical role that plant cover plays in ecosystem processes. 

Developing and retaining a high cover of perennial grasses is the key to maintaining 

landscape function. High foliage cover will minimise soil and nutrient losses through 

trapping light materials such as seeds, litter and fine soil particles (Tongway and Ludwig

1997). Grasses play an important role in maximising infiltration rates, producing soil organic 

matter, which is important for soil structure, providing a suitable habitat for flora and fauna, 

and maximising stock carrying capacity (Ash et al. 1997).

2.5.1 Plant structure

Of the four species evaluated in this study, the local perennial, Eriachne. is likely to be the 

most effective species for stabilising disturbed substrates because it had a significantly larger 

root mass and stem biomass for a given tussock diameter than the other species. The rate of 

infiltration and the damage by water flow depends also on the vegetative cover that is in 

contact with the soil, which is composed both o f litter and of plant material anchored in the 

soil, i.e. basal cover (Humphreys 1991). Even at low levels, cover that is in contact with the 

soil minimises the transport o f displaced soil by overland flow (Rose 1988). Large tussocks 

would reduce soil and water loss through runoff, and minimise the development o f erosion 

features such as rills and gullies. High biomass would provide protective cover to otherwise 

bare soil. The relatively large root mass o f Eriachne would potentially facilitate a higher 

uptake of available nutrients and soil water to sustain regeneration after disturbance such as 

fire and drought.

Ectrosia, the other local perennial species, would also be useful for revegetation because, 

although it had a relatively low stem biomass, it produced numerous stems to intercept 

rainfall and so protect the soil surface from rainsplash. Of the four species, Ectrosia would 

be most suitable for roadsides because its average height was about 60cm and so stands of 

this species would generally not obstruct the vision of road users. Its low biomass means that
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it would pose less of a fire risk than Eriachne. Ectrosia is also an aesthetically attractive 

plant with seed heads that turn from green to purple during development. 

Pseudopogonatherum plants had large tussock diameters but low vegetative biomass 

compared with the other species. Many annual grasses are tall and erect and have only one to 

a few stems. Although Pseudopogonatherum produced an average of 16 stems per plant, 

biomass was relatively low. Thus, the effectiveness of this species in protecting the soil 

surface from rain splash is limited by its vegetative structure. It is also limited by its 

relatively short life span of only a few months. Tropical annual grasses set seed towards the 

end of the wet season in about mid-March, and plants subsequently die (Andrew and Mott 

1983). Areas that are covered by annual grasses only, would therefore be more susceptible to 

erosion than areas that are covered by perennial grasses or a combination of annual and 

perennial grasses. 

The growth habit of Chloris was different to the other perennial species in that it had 

significantly fewer stems per plant_ but a relatively high stem biomass due to its long shoots 

and stoloniferous habit. Considering Chloris' large root mass and stem traits, at high density 

it would be effective in stabilising bare ground, and this has been shown to be the case where 

it has been used as a cover crop (Corbett 1999). 

The root/stem (root/shoot) ratios were not substantially different between species and so it is 

difficult to draw conclusions about their relative drought tolerance and growth potential. The 

ratios for all species were low (0.06 to 0.16) compared with values reported in other studies. 

Weaver (1926), for example, found that the majority of range grasses have root/shoot ratios 

between 0.8 and 1.5. Davidson (1969) and showed that ratios varied between 0.2 to 5.0 

depending on temperature, light intensity and nutrient and moisture status. Species that are 

more drought tolerant generally have higher root/shoot ratios. Arid zone spinifex (Triodia 

sp.), a persistent hummock grass, has a root/shoot ratio of more than 1.0 compared with 

about 0.2 to 0.3 for most crop plants (Costin 1964). Cenchrus ciliaris, an introduced tropical 
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pasture grass, had a higher root/shoot ratio than the more drought susceptible introduced 

Panicum maxicum var. trichoglume in Gayndah, Queensland (Humphreys and Robinson 

1966).

The reasons for the relatively low root/shoot ratios recorded in this study of tropical grasses 

are unclear but may be due to, at least in part, the soil habitat. Soil moisture and fertility 

strongly influence root growth. In regions of shallow moisture, the roots are correspondingly 

shallow (Gould 1968). The species in this study were sampled from roadsides, where topsoil 

was relatively shallow, the soil profile was compacted and with presumably low moisture 

and nutrient retention capacity. Nicholas and McGinnies (1982) found that root biomass was 

up to seven times greater when grasses were grown in topsoil than when grown in mine spoil 

without topsoil, a substrate that was nutrient poor and chemically unbalanced.

In addition, the compacted and dry soil conditions in the current study made digging and 

extraction o f the root system difficult below 25cm and so it is possible that not all o f the root 

system was collected. Sampled root biomass, therefore, may have been less than actual root 

biomass. However, roots below 50cm normally comprise only a small fraction o f the total 

root biomass. Nevertheless, they are extremely important in providing water and nutrients to 

plants late in the growing season (Nicholas and McGinnies 1982). In the Top End, such roots 

may be important to sustain grasses through the annual dry season. For future studies on root 

biomass, plants should be dug down to 50cm and it may be necessary to wet the soil, or to 

sample during the wet season, to make digging and extraction of root systems easier.

2.5.2 Dispersal units

The structure of the inflorescences o f the four native grasses is suited to mechanical 

harvesting with a brush harvester (Loch et al. 1996), or for hand collection. Seed appendages 

such as awns and hairs that are common to many native grasses and were present on the 

native grasses in this trial, make sowing with a conventional seeder difficult because seeds 

do not flow freely (Loch 1993; Loch et al. 1996; Kelly and Wiedemann 1999).
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Consequently, spikelets will either need to be processed to remove obstructive appendages, 

machinery will need to be modified to suit these chaffy seeded species or alternatively, 

dispersal units can be hand sown. The technique adopted will depend on the size of the 

revegetation area and the economics of the respective options. Seed collecting, processing 

and sowing are discussed in more detail in Chapter 6. 

The dispersal units of the native species evaluated in this study are well equipped with awns 

to increase the probability of seed surviving the dry season in soil storage. Rigid awns, such 

as those on dispersal units of Eriachne, Dichanthium and Pseudopogonatherum, orient the 

diaspore during its fall from the parent so that it lands in an upright position (Peart 1981 ). 

Such orientation increases the probability of germination and successful establishment. The 

awns of Eriachne, Dichanthium and Pseudopogonatherum are hygroscopic (pers. obs.). 

Thus, in addition to providing orientation, the screwing action of hygroscopic awns enables 

the dispersal unit to burrow into favourable rnicrosites and find protection from extreme 

temperature, moisture stress and fire (Mott 1978). Seeds of Themeda triandra reach a mean 

-
soil depth of 11mm via action of their hygroscopic awn (Lock and Milburn 1971). At this 

depth, temperature from fire reaches about 100°C for only a few minutes, a temperature that 

most seeds can tolerate (Bentley and Fenner 1958). The common group of annual grasses in 

northern Australia, sorghums, also has hygroscopic awns. Awns are especially important for 

annual species that rely on regeneration from seed, including Pseudopogonatherum. Those 

that are dispersed by wind also have hairs, including awns and are lightweight (Cheplick 

1998). Ectrosia seed would fall into this category. 

Seed production and the resultant soil seed bank influence seedling recruitment and 

ultimately survival of a population. Soil seed densities vary widely between understorey 

species. Seed production of native perennial tussock grasses is often low compared with 

introduced grasses. Mclvor et al. ( 1996) reported that in north-east Queensland, the 

naturalised grasses Bothriochloa pertusa and Chloris injlata produced substantially more 

seeds (360-2990m-2
) than the native tussock grasses, Heteropogon contortus, Sorghum 
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nitidum and Themeda triandra (1-110m'2). Plant density in this current study was not 

measured but it was estimated to be at least two plants m'2. Thus, Ectrosia and Eriachne 

produced relatively large amounts of dispersal units with about 8000m'2 and 1350m'2 

respectively. These results are not dissimilar to those reported for the native species 

Themeda triandra (1200 seeds m'2) and the introduced Bothriochloa pertusa (4600 seeds m' 

2) in ungrazed pure stands in north Queensland (Howden 1988).

Pseudopogonatherum  also had high production o f dispersal units (estimated 4,500m'2), 

especially when compared with annual Sorghum. The soil seed density o f Sorghum 

brachypodum  in ungrazed woodlands near Jabiru was 45m'2 soon after seed fall (Williams 

and Lane 1999). The potential seed production of S. stipoideum  ranged from 1,500 to 

2,400m'2, and from 100-880m'2 for S. intrans, both at sites near Darwin (Andrew and Mott 

1983). Sorghum seeds are large and fecundity is low at about 8-10 seeds per plant (Andrew 

and Mott 1983; Williams and Lane 1999).

The size and weight o f dispersal units and seed purity (proportion of dispersal units that 

contained mature caryopses) varied substantially between species. Therefore, the volume of 

dispersal units required to produce a given weight of seed also varied widely between 

species. In terms o f collecting effort, Eriachne represents substantially better value than 

Pseudopogonatherum  because less dispersal units need to be harvested to produce a given 

quantity o f seed. Ectrosia also represents reasonable value because plants produce large 

quantities o f dispersal units and so large amounts can be collected within a relatively small 

area.

Sowing rates may need to be adjusted for low seed purity such as in the case of Chloris and 

Pseudopogonatherum. However, germinability is also an important factor in determining 

sowing rate. High germinability may compensate for low seed purity in a species. 

Conversely, seed lots with high purity may have low germinability. Thus, calculation of 

sowing rates should ideally consider both purity and germinability.
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If a species has both low purity and low germinability then its value as a revegetation species 

is reduced because a relatively large volume of dispersal units will need to be harvested and 

sown. Consequently, the costs associated with these tasks are increased. 

2.5.3 Nutrients 

Three factors that have a significant influence on plant nutrient status are stage of growth, 

age of plants and soil nutrient status. These factors can be far more important than the grass 

species (McClymont 1969). 

Growth and developmental changes cause marked changes in nutrient concentrations in 

plants as the growing season progresses (Smith 1986). Young green leaf contains more of 

most minerals and other trace nutrients than old green leaf (Silcock 1997). Waters et al. 

(2000) reported 10-20% protein in young leaves but only 1-8% in mature leaves. 

Sampling for this study was conducted early in the growing season, when plant shoots were 

young, and prior to seeding. This probably represents the maximum nutrient concentrations 

of the growing season. Shoots of the three perennial grasses had regenerated from tussocks 

and those of the annual Pseudopogonatherum had regenerated from seed. Nutrient 

concentrations in grasses, especially annual species, decrease rapidly towards the end of the 

season when they channel their nutrients into seed (Arndt and Norman 1959; Fisher 1971 ). 

Cameron ( 1997), sampled leaf and stem material from numerous Top End native grasses in 

February and found that N content generally ranged from 0.4% to 1.5% and P content ranged 

from 0.05% to 0.4%. The results from this current study fell within those ranges. Direct 

comparisons can be made for Ectrosia and Chloris and show that the plants tested here had 

similar P, N, and consequently crude protein concentrations to those assessed by Cameron 

(1997). However, sampling for the current study occurred earlier in the growing season and 

nutrient levels are likely to be lower by February. Waters et al. (2000) reported markedly 

higher protein content in leaves of native grasses of New South Wales (10-20% ). The lower 
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levels reported here (4.6-6.6%) are likely to be due to the apparently poor soil nutrient status 

in which plants were growing.

Nutrient levels in grasses are strongly influenced by soil nutrient status (Jones 1995). 

Robbins and Bushell (1985) reported that under similar levels of available soil N differences 

between species are generally insignificant and inconsistent. Thus, the reportedly wide 

variation in nutrient levels between native grass species (Waters et al. 2000) may be largely 

due to available soil N levels. Also, productivity o f pasture grasses often reflects available 

soil N  rather than the intrinsic qualities of the grass species itself (Quirk 2000).

Soils in the Top End are typically nutrient poor (Calder and Day 1982), and this would be 

especially so for the roadside environments from which these plants were sampled. 

Application of fertiliser will increase soil fertility and may improve nutrient levels in grasses. 

While nutrient status is not particularly important for most revegetation projects unless 

species are sown for grazing, fertiliser may improve growth and resilience. The relative 

merits of such a management strategy would need to be evaluated against costs. In this 

current study, two species had significantly higher N than the other two species, despite 

growing under what appeared to be similar edaphic conditions. In the absence of soil nutrient 

data it is not possible to determine whether soil N  varied between sampling sites and whether 

there was an effect o f soil N  on plant N.

The critical dietry level of nitrogen for grazing animals has been estimated to be between 

0.8% (Siebert and Kennedy 1972) and 1.2% (Minson and Milford 1967), and is usually cited 

at 1.0%. Below this level there is insufficient N for adequate rumen function (McLennon et 

al. 1988). All o f the species evaluated here had N levels below 1.0% for whole of plant 

analysis. Ectrosia and Chloris had N levels o f 0.9% and 0.8% respectively and so these two 

species may have marginal value as forage species.

While analysis of the whole plant gives an indication of the quality of species for grazing, 

leaves contain higher levels of most nutrients than stems (Cameron 1997). This was clearly
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shown in this study where leaves had N values 0.2 to 0.5% higher than stems. Grazing 

animals can select plant material that contains higher levels of nutrients and will generally 

graze plant leaf in preference to lower quality stem material (Cameron 1997). The young 

leaves of Ectrosia and Chloris would be useful forage but the small size and basal origin of 

Ectrosia leaves would make it difficult to selectively graze. Thus, its potential as a forage 

species may be less than Chloris, which had similar N but larger leaves. Overall then, 

Chloris is probably more suitable for grazing provided that sufficient cover can be produced. 

In addition to stage of growth, age of plants and soil nutrient status, disturbances such as 

grazing, cutting or burning can affect plant nutrient concentrations, and the effect will vary 

with the timing of the disturbance. For example, if grasses are burnt during the dry season 

when they are not actively growing and soil moisture reserves are depleted, nutrient 

concentrations will decrease. If burnt in the late dry to early wet season when soil moisture 

levels are adequate for regrowth, nutrient concentrations are likely to increase (Falvey 1977). 

For this reason, some pastoralists have favoured burning late in the dry season when 

relatively humidity is high and early wet season rains are imminent. At this time, burnt 

grasses rapidly regenerate and provide nutritious feed at a time when unburnt grasses remain 

in an essentially dormant condition. 

Based on the findings of this study, Eriachne has the best potential of the four native species 

for revegetation because it has a relatively robust structure, high root mass, shoot mass and 

tussock diameter, and high "seed" purity. 

Whilst studies on biological attributes provide useful information for selection of species for 

revegetation of degraded lands, the critical test is how successfully species establish, the 

amount of cover they produce and their persistence under site-specific conditions. The 

following chapters investigate the germination characteristics, establishment, growth and 

resilience of the grass species evaluated in this chapter. 
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3.1 INTRODUCTION AND AIMS

In revegetation, germination and establishment success are particularly important where 

vegetation cover is vital for soil stabilisation, for initiating and accelerating nutrient cycling 

processes and, ultimately, to create self-sustaining ecosystems with a species composition 

and structure that is appropriate to the end land use. The emergent density o f seedlings 

resulting from sown seed depends to a large extent on the percentage of seeds that 

subsequently germinate. To improve the success of revegetation by direct seeding, it is 

important to understand the germination characteristics of the sown species, especially 

dormancy characteristics.

Dormancy and germination are two of the factors that contribute to the success of plant 

populations (Mott and Groves 1981). Dormant seeds do not germinate under any test 

condition under which plant growth is normally possible, whereas non-dormant ones 

germinate over the widest range of conditions possible for the species (Harper 1977; Baskin 

and Baskin 1985; Whalley 1987).

Studies have show that freshly harvested mature seeds of most Australian grass species will 

not germinate under conditions of light, temperature and moisture that are otherwise 

conducive to plant growth. Various treatments such as high temperature (Mott 1978), 

removing external structures such as palea and lemma (Tothill 1977; Hagon 1976), and 

smoke (Baxter et al. 1993; Roche et al. 1997) may enhance the germination of non-dormant 

seed. These aspects are discussed in more detail in the following review.

3.1.1 Literature review

There is a large and complex literature on seed dormancy and germination in plants. It is 

beyond the scope of this thesis to review the literature thoroughly, and the interested reader 

is referred to reviews on the topic, for example Whalley (1987), Baskin and Baskin (1998), 

and Fenner (2000). However, from these reviews, and other empirical studies, a number of
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important ecological principles emerge that have great relevance to the issue of revegetation 

using native species. These issues are briefly reviewed and highlighted in this section. 

The successful use of native grasses for revegetation requires an understanding of 

germination and dormancy characteristics, and the factors that influence them. Germination 

is strongly influenced by seed dormancy and specific germination requirements of immature 

or freshly dispersed seed (Harper 1977). Seeds have evolved dormancy strategies that 

prevent immediate germination because this may occur under conditions that are not 

favourable for seedling survival and subsequent growth (Goodwin et al. 1995). The long

term survival of plants depends on the occurrence of conditions that break seed dormancy 

and which are subsequently favourable for plant growth, flowering and seed set. The timing 

of seed germination, therefore, plays a critical role in the survival of seed-producing species 

at a population site (Baskin and Baskin 1998). Mechanisms that stimulate germination at a 

time to ensure maximum survival and eventual seed production are vital adaptations of the 

species to their habitat. 

Fresh seed is usually dormant. This dormancy may be caused by immaturity of the seed, or it 

may be a function of physical barriers to the movement of gases and water, or it may be due 

to chemical inhibitors within the seed coat or the embryo. Such dormancy may be called 

"primary dormancy" (Harper 1977). Seed which has had its primary dormancy broken, and 

which is potentially germinable, may, under certain favourable conditions, enter a state of 

quiescence, becoming dormant again as a consequence of the unfavourable conditions. Such 

dormancy is termed "secondary" dormancy (Harper 1977). Both types of dormancy have 

relevance to revegetation, but of greatest practical significance are the factors that control 

primary dormancy. 

Dormancy can present problems where freshly harvested seed is required for use in 

revegetation. Grass seeds do not have a thick layer of cells that is characteristic of seeds with 

physical dormancy (Comer I 976), and seeds generally will imbibe water when they are 
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placed on a moist substrate (Westra and Loomis 1966; Hardegree and Emmerich 1993). 

Thus, grass seeds do not have physical dormancy but have physiological dormancy, which is 

non-deep. Non-deep dormancy can be broken during dry storage at room temperature 

(Nikolaeva 1969, 1977), by removal of covering layers, especially the palea and lemma, or 

by treating with the growth hormone Gibberellic acid (GA3) (Nikolaeva 1977).

Fresh seeds of many species will not germinate immediately under natural conditions but 

will do so if simply stored for a period of time. This condition is known as ‘after-ripening’. 

After-ripening is common in many Australian grasses in both temperate and tropical areas of 

northern Australia (e.g. Mott 1978; Hagon 1976). In tropical Australia, Brown (1982) 

demonstrated that seed of the grass Aristida armata that was stored for 11 months had higher 

germination than seed that was stored for six months. Mott (1978) found that five species of 

tropical grass required at least eight months of dry storage at 25°C before dormancy was 

broken.

A number of studies of tropical grasses in Australia have shown that dormancy is broken by 

exposure to dry heat and high soil surface temperatures during the dry season (e.g. Mott 

1978; Andrew and Mott 1983; Mott and Andrew 1985; Hacker and RatcLiff 1989; Mclvor 

and Howden 2000). Alternating temperatures during dry storage have also been shown to be 

effective in breaking dormancy. Hagon (1976) broke dormancy in Stipa bitgeniculata and 

Themeda australis by storing seed at 39/16°C and 62/24°C respectively. Mott (1978) used 

60/20°C storage to break dormancy in the tropical grasses, Chrysopogon fallax, 

Chrysopogon latifolius, Sorghum plumosum  and Sorghum stipoideum. Dry storage at high 

temperatures (either constant or alternating) will break dormancy for many other species 

where dormancy is associated with external structures, such as the palea and lemma 

(Whalley 1987).

Temperature also influences maximum germination. Watt and Whalley (1982) showed that, 

in a number of grasses native to black clay soils in New South Wales, germination varied
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between species but no species germinated at the extreme temperatures of 5°C and 45°C. 

Lodge and Whalley ( 1981) found that optimum germination temperatures for grasses 

collected in north-east New South Wales were 15-35°C for Dichanthium sericeum, 20-30°C 

for Borthriochloa macra, and 15-35°C for Chloris truncata. Maximum germination of 

Heteropogon contortus from south-east Queensland was from 30°C to 35°C (Tothill 1977). 

Tothill (1977) reported that germination of the Northern Australian perennial grass, 

Heteropogon contortum (black spear grass) was highest between 25 and 30°C with the most 

rapid germination occurring at 35°C. Astrebla spp. germinated between 20 and 40°C (Jozwik 

et al. 1970; Watt and Whalley 1982; Orr 1986). In general then, most native grass species 

achieve highest germination at temperatures from 20-35°C. 

Removing the structures external to the caryopsis (glumes, palea and lemma) breaks 

dormancy in many species including Heteropogon contortus and Echinochloa tumerana 

(Tothill 1977), Themeda triandra, Danthonia species, (Hagon 1976), Chloris truncata and 

Sporobolus elongatus (Lodge and Whalley 1981). The presence of the palea and lemma 

prevents germination during periods when environmental conditions are unfavourable for 

seedling survival (Mott and Groves 1981). Dormancy imparted by these structures is 

attributed to the presence of inhibitors in the glumes, palea or lemma (Tothill 1977), to 

mechanical restriction of the embryo (Hagon 1976), and to reduced oxygen transport to the 

embryo (Mott 1974). 

Smoke has been shown to stimulate germination in a range of species in South African fire

dependent vegetation communities (de Lange and Boucher 1990; Baxter et al. 1993), 

including grasses (Baxter et al. 1994, 1995). Studies in the south-west of Western Australian 

species yielded similar results (Dixon et al. 1995; Roche et al. 1997), but Clarke et al. (2000) 

found no stimulative effect of smoke on grasses from New South Wales woodlands. This 

contrasts with studies by Read (1997), Read and Bellairs (1999) and Marsden-Smedley et al. 

(1997), which found that smoke stimulated germination in some native grasses from south-
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eastern Australia. Invariably, studies on the effect of smoke on germination have shown that 

the effects vary considerably between genera and species.

Smoke treatments in most studies have used either aerosol smoke or smoked water. Lloyd et 

al. (2000) investigated the effect of concentrated smoke products (CSP) compared with 

aerosol smoke and smoke water on undisturbed seed banks. They demonstrated that all three 

treatments increased germination. CSP has potential applications for broad scale revegetation 

by stimulating germination from soil seed banks.

This brief review, then, indicates that the germination characteristics of grasses, and the 

factors that influence them, can vary substantially between species. The environmental and 

seed conditions that facilitate maximum germination in a given species have important 

implications for field germination and consequently for landscape rehabilitation.

Chapter 2 evaluated the biological traits of four native grasses for potential as revegetation 

species. That study concluded that such species are likely to be suitable for revegetation 

provided that a high proportion of seed was germinable. The aim of this study, therefore, was 

to further investigate the potential of these native grasses by determining their dormancy 

characteristics and their germination requirements in respect to temperature and seed age, 

when seed is stored under relatively cool, dry conditions.

The native grasses tested were those that were described in Chapter 2: Ectrosia leporina, 

Eriachne schultziana, Dichanthium sericeum  and Pseudopogonatherum contortum. All of 

these species are perennial except Pseudopogonatherum, which is an annual. Chloris. 

gayana, an introduced perennial pasture grass that is commonly used for revegetation of 

mined areas in northern Australia, was included for comparison with the native species
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The aspects of germination that were investigated for each species were: 

the interactive effects of temperature and of seed age; 

2 the effect of smoke; 

3 the effect of de-husking (removal of palea, lemmas and glumes); and 

4 the difference between germination in soil under nursery conditions and in 

petri dishes under laboratory conditions. 

Each topic is treated in an individual section of the Chapter. The ultimate objective of this 

thesis was to develop strategies that will increase the success of native grass establishment 

and accelerate development of native ecosystems. The objective of this germination 

component was to determine, for each species, the combination of conditions that will 

potentially maximise field germination and subsequently vegetation cover. Rehabilitation 

officers can then apply this information to larger scale revegetation projects. The emphasis in 

this study, therefore, was on germinability rather than on viability because information on 

viability may have no practical field application. 
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3.2 THE EFFECTS OF TEMPERATURE AND SEED AGE

3.2.1 Introduction

Seeds of different species germinate under different temperature conditions (e.g. Watt and 

Whalley 1982; Grice et al. 1995). Temperature can influence germination success by 

affecting the rate of germination and by breaking dormancy. Exposure to high soil surface 

temperatures is an important dormancy breaking mechanism in some tropical grasses (Mott 

1978; Mott et al. 1981; Hacker 1984; Hacker et al. 1984; Hacker and Ratcliff 1989). The 

dormancy status of seeds can be determined by testing them for germination over a range of 

temperatures. Dormant seeds do not germinate at any temperature, while non-dormant seeds 

germinate over the widest range o f temperatures possible for the species (Baskin and Baskin 

1985).

Seeds germinate over a range o f temperatures within which there is an optimal temperature, 

above and below which germination is delayed, but not necessarily prevented (Mott and 

Groves 1981). The definition o f optimum temperature used in this chapter and elsewhere is 

the temperature at which the highest total germination was consistently attained.

These temperature and seed age trials, therefore, aimed to determine the range of 

temperatures over which germination was possible for each species and the optimum 

temperature for germination. They also aimed to determine the dormancy period for each 

species, whether dormancy can be broken by pre-treating seed, and the seed age at which 

maximum germination is attained.

3.2.2 Methods

3.2.2.1 Seed collection and storage

Seed of the target species was either collected from the wild or purchased. Seed of Ectrosia 

leporina and Eriachne schultziana was collected from a stretch o f roadside on the Ranger 

Lease near Jabiru in May-June 1996. Seeds were hand-collected by cutting mature seed

germination
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heads from plants with pruning shears. Seed of Pseudopogonatherum was collected in the 

same way, but in early May 1998, and from a small area of eucalypt woodland at Jabiru East. 

This species was identified in the wet season of 1997-98 as having potential for revegetation, 

hence the later collection date. 

Seed of Dichanthium was collected from the Burnett Downs region west of Bundaberg, 

Queensland (pers. comm. J. Niall, Queensland Tree Seeds, 1998). It was collected in May 

1996 and purchased commercially in November of that year. Seed of Chloris gayana was 

collected in Queensland in May 1997, and purchased from a commercial supplier in Darwin 

in December 1997. 

It is important to understand the germination ecology of the dispersal unit, and it should be 

kept intact during germination studies (Baskin and Baskin 1998). Individual intact dispersal 

units from the same seed lot for each species were used for each age and temperature trial, 

that is, dispersal units collected from one area at one sampling time. This methodology is 

important to minimise the variatioq in factors that may affect caryopsis development, sucb as 

the volume and pattern of rainfall and edaphic characteristics. 

Dispersal units were manually separated from the inflorescence. Purchased seed had already 

been processed in this way. The units of all species were stored in paper bags at room 

temperature (25-30°C), i.e. dark and dry conditions. For use in the trials, the "seed" was 

stored and sown as entire dispersal units because they would normally be sown in this entire 

(unprocessed) condition when used for revegetation. For the remainder of the Chapter, the 

term "seed" or dispersal unit will be used to refer to the basic unit of investigation in all trials 

- the mature, plump caryopsis, with or without palea or lemma. 
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3.2.1.2 Testing procedure

The germination responses of individual “seeds” of various ages of Ectrosia, Eriachne, 

Dichanthium, Pseudopogonatherum  and Chloris were tested across a range of constant 

temperatures. The “seeds” were actually individual dispersal units -  a caryopsis surrounded 

by palea and lemma - and these two terms will be used interchangeably.

Only dispersal units that contained fully formed caryopses were used and this was 

determined by gently squeezing the dispersal unit between thumb and forefinger, or by using 

tweezers (Flora Bank 2000). For Chloris, the dispersal units were gently pinched with 

jeweller’s forceps to “feel”’ for the presence of mature caryopsis. This method is referred to 

as the “pinch test” (Flora Bank 2000). In the case o f Ectrosia, which has very small units, it 

was possible to see the caryopsis with the naked eye as a dark spot.

The equipment used was a one-way configuration of the two-way thermogradient plate of 

Larsen (1971), which was a square aluminium plate of about lm 2 (Fig. 3.1). Hot water 

(mixed with polyethylene glycol (PEG)) from a heating unit was continuously pumped in a 

pipe underneath one edge o f the plate while cold water (mixed with PEG) from a cooling 

unit was continuously pumped in a pipe underneath the opposite edge of the plate. (PEG is 

necessary to prevent water boiling or freezing.) This resulted in a gradient of temperatures 

along the plate and constant temperatures across the plate. The extreme temperatures were 

regulated by the set temperatures of the hot and cold water units, and the set temperatures 

were regulated according to the desired extreme temperatures. Germination was tested at 

temperatures from 15 to 40°C. Dishes were positioned on the plate so that graduations were 

in 5°C increments within 15-40°C range.

Detailed calibration o f the thermogradient plate was undertaken by Hopkins (1996). She 

used the same type and arrangement o f the petri dishes, and measured temperature variations 

with a small-headed thermocouple. This showed that there was very little (<1°C) variation in 

the temperature within individual dishes across the plate over the four-month period of

Chapter 3 Dormancy and
germination

93 

3.2.2.2 Testing procedure 

The germination responses of individual "seeds" of various ages of Ectrosia, Eriachne, 

Dichanthium, Pseudopogonatherum and Chloris were tested across a range of constant 

temperatures. The "seeds" were actually individual dispersal units - a caryopsis surrounded 

by palea and lemma - and these two terms will be used interchangeably. 

Only dispersal units that contained fully formed caryopses were used and this was 

determined by gently squeezing the dispersal unit between thumb and forefinger, or by using 

tweezers (Flora Bank 2000). For Chloris, the dispersal units were gently pinched with 

jeweller's forceps to "feel"' for the presence of mature caryopsis. This method is referred to 

as the "pinch test" (Flora Bank 2000). In the case of Ectrosia, which has very small units, it 

was possible to see the caryopsis with the naked eye as a dark spot. 

The equipment used was a one-way configuration of the two-way thermogradient plate of 

Larsen (1971), which was a square aluminium plate of about lm2 (Fig. 3.1). Hot water 

(mixed with polyethylene glycol (PEG)) from a heating unit was continuously pumped in a 

pipe underneath one edge of the plate while cold water (mixed with PEG) from a cooling 

unit was continuously pumped in a pipe underneath the opposite edge of the plate. (PEG is 

necessary to prevent water boiling or freezing.) This resulted in a gradient of temperatures 

along the plate and constant temperatures across the plate. The extreme temperatures were 

regulated by the set temperatures of the hot and cold water units, and the set temperatures 

were regulated according to the desired extreme temperatures. Germination was tested at 

temperatures from 15 to 40°C. Dishes were positioned on the plate so that graduations were 

in 5°C increments within 15-40°C range. 

Detailed calibration of the thermogradient plate was undertaken by Hopkins (1996). She 

used the same type and arrangement of the petri dishes, and measured temperature variations 

with a small-headed thermocouple. This showed that there was very little (<1°C) variation in 

the temperature within individual dishes across the plate over the four-month period of 

Chapter 3 Dormancy and 
germmatwn 



uoi;vuiuudS puv fbuviiuon £ ■idd̂uij')

Xjnuiuiqajd ‘jaqjjng uibj Xq Xeme paqsBM jo ‘nunnj Xq pajsaAjnq jaqjia aq oj X[aqq si 

sXup p[ jojje pajnuiuuaS jou suq jBqj paas ‘jaABMoq ‘saidojj aqj ui uoijBjaSaAaj jo sasodind 

aqj joj '(9661 ^U!RI *6861 pu^ ubSjojaj t/,861 u^cug §'a) sXnp p\ uBqj ajoiu joj

uiu uajjo ajnjnjajq aqj ui pajjodaj sjsaj uoijnuiuuao sXup p\ joj ubj XjojBJoqEj aqj ui sjbuj

•ajnuiuuaS oj papsj jnqj spaas uo pajanpuoa jou sba\ (8661 uiqsug pun uiqsng tSuijsaj 

uinqoznjjaj bia -§-a) ‘Suijsaj XjqiqniA ‘Xguanbasuoo XjqtqBiA uo usqj jaqjBJ XjqiqBuiuuaS 

uo si siSBqduia aqj ‘jajdBqa siqj oj uoijanpojjui aqj ui pajBjs sy qnq aqj uiojj uiui£ 

XjajBuiixojddB jo qjSuaj b oj paSjauia pBq apipBJ aqj ji pajBuiuuaS pajapisuoa ajaA\ spaas 

'XjiEp paAOuiaj puB papjoaaj aaaAv spaas pajBuiuuaS puB sXBp p\ joj ubj jsaj qoBj jbuj aqj 

jnoqSnojqj jsioui jdaq puB jbjba\ paqijsip qjiM pauajsioui sbm jadBd jajqj aqj jadBd jajqj 

qjiM pauq saqsip ijjad ssbjS uiuio9 ui paaBjd ajaM ‘sisdoXjBa duuijd b pauiEjuoa jBqj spun 

[Bsjadsip joejui Xjjiqj jo sajBoqdaj aajqj ‘ajnjBjaduiaj pus saiaads jo uoijEuiquioa qaBa joj

•Xpnjs

siqj ui passnasip sjbijj uoijBuiuuaS aqj jo qana ui pasn ajaM sajnjBjaduiaj juBjsuoa X[uo ‘snqj 

"(1661 JsuapJBO puB JOAjapq 50861 P°W ‘9Z.61 uoa;gaj/\[ pus qasjoj) sjnaao uoijbuiuijbS 

sassEJ§ uaqM sqjuoui jauiuins aqj Suunp XqEiaadsa ‘juBjsuoa X[3AijB[aj ajB sajnjBjaduiaj 

qos asnuaaq anssi ub jo ssaj si siqj ‘suoiSaj (Baidojj uj uoijBuiuuaS ajajduioa ajoui 

ui jjnsaj Xbuj puB suoijipuoa ajnjBjaduiaj qos sajBoqdaj qaBOjddB siqj jBqj si sajnjBjaduiaj 

Suijbuj3J[b Suisn joj 3[buoijbj aqj qjoq jo sajnjBjaduiaj juBjsuoa jo sajnjBjaduiaj 

SuijBUiaj[B asn Xbui uoijBuiuuaS uo ajnjBjaduiaj jo sjaajja aqj ajBSijsaAui jBqj sjbuj

’D0I+ uiqii^v XqBjauaS

sbm a\oj e ssojob uoijbuba ajnjBjaduiaj aqj -moj b jo aippiui aqj ui pajBnjis sbm auo puB 

a\oj b jo pua qaBa jb pajBnjis sbm saqsip asaqj jo auo uajBM paqijsip Xjuo Suiurejuoa puB 

jadBd jajqj qjiM pauq saqsip ujad aajqj jo ajjuaa aqj ui ajnjBjaduiaj aSBJaAB aqj sb uaqnj sbm 

‘Oo9'0 JssJBau aqj oj jajauiouuaqj Xjnajaui b qjiM pajnsBaui ‘moj qaBa jo ajnjBjaduiaj aqj 

•uaqBjjapun sbm ajBjd aqj jo Suuojiuoui ajnjBjaduiaj aAisuajui ssa[ ‘sisBq siqj uo ‘uoijBjado

94 

operation. On this basis, less intensive temperature monitoring of the plate was undertaken. 

The temperature of each row, measured with a mercury thermometer to the nearest 0.5°C, 

was taken as the average temperature in the centre of three petri dishes lined with filter paper 

and containing only distilled water. One of these dishes was situated at each end of a row 

and one was situated in the middle of a row. The temperature variation across a row was 

generally within± I 0c. 

Trials that investigate the effects of temperature on germination may use alternating 

temperatures or constant temperatures or both. The rationale for using alternating 

temperatures is that this approach replicates soil temperature conditions and may result in 

more complete germination. In tropical regions, this is less of an issue because soil 

temperatures are relatively constant, especially during the summer months when grasses 

germination occurs (Torsell and McKeon 1976, Mott 1980; Mcivor and Gardener 1991). 

Thus, only constant temperatures were used in each of the germination trials discussed in this 

study. 

For each combination of species and temperature, three replicates of thirty intact dispersal 

units that contained a plump caryopsis, were placed in 60mm glass petri dishes lined with 

filter paper. The filter paper was moistened with distilled water and kept moist throughout 

the trial. Each test ran for 14 days and germinated seeds were recorded and removed daily. 

Seeds were considered germinated if the radicle had emerged to a length of approximately 

3mm from the hull. As stated in the introduction to this chapter, the emphasis is on 

germinability rather than on viability. Consequently, viability testing, (e.g. via tetrazollum 

testing; Baskin and Baskin 1998) was not conducted on seeds that failed to germinate. 

Trials in the laboratory ran for 14 days. Germination tests reported in the literature often run 

for more than 14 days (e.g. Brown 1987; Morgan and Myers 1989; Klink 1996). For the 

purposes of revegetation in the tropics, however, seed that has not germinated after 14 days 

is likely to be either harvested by fauna, or washed away by rain. Further, preliminary 
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Fig. 3.1 The one-way thermogradient plate produces a range of constant temperatures 

across a lm 2 aluminium plate. The temperature limits are controlled by the 

temperature settings of the hot and cold water circulators. (After Larsen 1971)

germination
Chapter 3 Dormancy and

95 

germination trials showed that most germination occurred within 14 days and so tests of this 

duration were considered to be adequate. 

40 35 30 25 20 15 

,,,---
~ 

II\ I I I I 
Power 
Sourc 

I I I I 
,11 t I I t 

I I I I 
,[\ I I I I 

'I tA A t 
~ I I 

1~mpera ure Gra ~ient I I r r- Cold Water 
~ I I . .. I I / ~culator 

I\ 'I/ . 
Hot Water I I Hot Cold I Circulator I 

I I Pump ,1, I I . 

tA Aw r---

'i 
I I I I 
I I I I 
I I 

I I 

,L.---' I-' 

'-I 
7 '----

40 35 30 25 20 15 

Fig. 3.1 The one-way thermogradient plate produces a range of constant temperatures 

across a lm2 aluminium plate. The temperature limits are controlled by the 

temperature settings of the hot and cold water circulators. (After Larsen 1971) 

Chapter 3 Dormancy and 
germmatwn 

e 



UOllVUllUAdS puv /XDUVlUdOfl £ U3}dviQ

ajaM suoijoBjajui ojaqAY J°u J( pspnpxa pus ‘juboijiuSis ji ppoui qnj aqj ui papnpui 

ajaM suuaj aAissaoons upjaqM ‘uoiqsnj asiM-dajs ‘pjbmjoj b ui pajonjjsuoo 3jsm sppoj/q

"30UBUBA JO SISA[BUB UI SOlJEJ 30UBUBA OJ A[JE[IUIIS p3JS3J

aq ubo os ‘uoijnqujsip-j ub sb psjnqujstp A[poijojdujAsE 3jb soijbj qons oijbj aouBiAap aqj 

Suiuijoj Aq ‘pnpisaj aqj pus uuaj uoijoBjaju; jo juauijBajj aqj qjoq joj uiopaajj jo saajSap 

ajBudoaddB aqj jb aouBiAap ubbui pnpisaj aqj jsuibSb passassB sbm uoijoBjajui puB uuaj qoBa 

jo aouBoijiu§is aqx -(aouBUBA jo sisApun ub oj snoSopuE) aouBiAap jo sisApuB ub si sp^lO 

qons jo jndjno aqx '(3§b x saioads -§-a) suuaj uoijoBjajui aqj Aq psMoqoj ‘jsjij pajjij ajaM (a§B 

‘sapads 'S’a) sxxuaj pnpiAipui pjoj piuiouiq aqj sbm puj qoBa jo SuiuuiSaq aqj jb juauijBajj 

qoBa ui spaas jo jaquinu aqx 'a[qBijba asuodsaj aqj sbm (puj qoBa ui sAbp p\ jajjB) puj 

qoBa ui juauijBajj ajBoqdaj qoua ui sjuEuiuuaS jo jaquinu jeuij aqx 'ssbo qoBa ui auiBS aqj 

sbm qoBOjdds aqj jnq ‘sisApuB qoEa joj juajajjip AjuBSsaoau sbm suuaj jo uoijBUiquioo aqx

'(6661) 'P & suibHIJM. PUT3 (Z.66I) 'P & s^pjoj Aq pasn uaaq 

aABq - aip jo aAiAjns spnpiAipui ajaqM - saajj ui pAiAjns jo sisAjeub aqj oj saqoBOjddB [AHO 

jbjiuiis 'suoijoBjajui jpqj puB - oja aqouis ‘ajnjBjaduiaj ‘a§B paas ‘sapads - sajqBUBA jojoipajd 

jo AjauBA b jo uopounj b sb - spaas jo jaquinu [bjoj aqj oj aAijnpj puj uoaiS b ui sjuBuiuuaS 

jo jaquinu aqj - ajqBUBA juapuadap aqj paqapoui suoissajgaj asaqx a[qissod am suoijEuiquioo 

juauijBajj [p jou uaqM ‘spuj uoijBuiuuaS ui jnooo uajjo sb qons suSisap paouEpqun 

joj junoooB ApAijoajja osp sjaTID '(9661 psajSy i [661 W3II°D) q°ns ssApuB oj 

qoiqM Aq sueoui [njjaMod puB ajEudojddB jsoui aqj si ‘JBjnoijJBd ui uoissajga^ oijsiSoq puB 

‘(JATID) §U!IPP°PM JBauiq pazipjauap -piuiouiq si BjBp qons jo uoijnqujsip AjqiqBqojd aqj 

puB (jou pip Aaqj jo pajBuiuuaS jaqjia spaas pnpiAipui) Ajuuiq ajaM BjBp uoijBuiuuaS aqx

•puj qoua joj

suoijoas pnpiAipui aqj ui paquosap si spuj pnpiAipui joj sasApuB oj guiupjjad uoijbuijojui 

oijioads ajojAj -spuj uoijEuiuuag jp joj sisApuu BjBp oj qoBOjddB aqj saquosap uoijoas siqx

SJBUJ UOI JI? UI III J [|B JOJ sisAjbub bjbq £’Z'£

96

96 

3.2.3 Data analysis for all germination trials 

This section describes the approach to data analysis for all germination trials. More specific 

information pertaining to analyses for individual trials is described in the individual sections 

for each trial. 

The germination data were binary (individual seeds either germinated or they did not) and 

the probability distribution of such data is binomial. Generalized Linear Modelling (GLM), 

and Logistic Regression in particular, is the most appropriate and powerful means by which 

to analyse such data (Collett 1991; Agresti 1996). GLMs also effectively account for 

unbalanced designs such as often occur in germination trials, when not all treatment 

combinations are possible. These regressions modelled the dependent variable - the number of 

germinants in a given trial relative to the total number of seeds - as a function of a variety of 

predictor variables - species, seed age, temperature, smoke etc - and their interactions. Similar 

GLM approaches to the analysis of survival in trees - where individuals survive or die - have 

been used by Fordyce et al. ( 1997) and Williams et al. ( 1999). 

The combination of terms was necessarily different for each analysis, but the approach was 

the same in each case. The final number of germinants in each replicate treatment in each 

trial (after 14 days in each trial) was the response variable. The number of seeds in each 

treatment at the beginning of each trial was the binomial total. Individual terms (e.g. species, 

age) were fitted first, followed by the interaction terms (e.g. species x age). The output of such 

GLMs is an analysis of deviance (analogous to an analysis of variance). The significance of 

each term and interaction was assessed against the residual mean deviance at the appropriate 

degrees of freedom for both the treatment or interaction term and the residual, by forming 

the deviance ratio. Such ratios are asymptotically distributed as an F-distribution, so can be 

tested similarly to variance ratios in analysis of variance. 

Models were constructed in a forward, step-wise fashion, wherein successive terms were 

included in the full model if significant, and excluded if not. Where interactions were 
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significant, component main effects were included in the model. The sum o f the deviance 

associated with the significant terms and interactions, divided by the total deviance, gives the 

R2 o f the model, i.e. the proportion o f the variation accounted for. Final models were used to 

estimate the adjusted means and associated standard errors for each treatment combination.

The speed with which seeds germinate is an important ecological factor, and the time to 

initial germination (T l) and time to 50% of total germination (T50) are univariate measures 

of the rate o f germination. They were analysed by ANOVA. The same set o f factors (species, 

seed age, temperature, smoke etc, and their interactions) that were used in the GLMs of total 

germination were used in the ANOVAs of Tl and T50. Individual terms were fitted first, 

followed by the interaction terms, and adjusted means and standard errors for each treatment 

combination were estimated using the final models. T l and T50 were not available for some 

treatment combinations where no germination occurred, so these combinations were omitted 

from the analyses.

All data - for both GLMs and ANOVAs - were explored using box and normal probability 

plots, and the residuals from each model were plotted against fitted values. These graphical 

interpretations showed that in the vast majority o f cases the assumptions underlying the 

various analyses were met in the GLMs, but some ANOVAs required T l and T50 data to be 

log transformed. All analyses were undertaken using GenStat (2000).

The graphical data presented for the proportion of seeds germinated are predicted values 

from the final model + standard error. The graphical data presented for T l and T50 are 

untransformed data but the ANOVA tables are derived from log-transformed data, where 

transformation was necessary. Germination percentage (GP = proportion o f seeds that 

germinated) was calculated as:

GP = total number of seed germinated/total number of seeds tested x 100.
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significant, component main effects were included in the model. The sum of the deviance 

associated with the significant terms and interactions, divided by the total deviance, gives the 

R2 of the model, i.e. the proportion of the variation accounted for. Final models were used to 

estimate the adjusted means and associated standard errors for each treatment combination. 

The speed with which seeds germinate is an important ecological factor, and the time to 

initial germination (Tl) and time to 50% of total germination (TSO) are univariate measures 

of the rate of germination. They were analysed by ANOV A. The same set of factors (~pecies, 

seed age, temperature, smoke etc, and their interactions) that were used in the GLMs of total 

germination were used in the ANOV As of Tl and TSO. Individual terms were fitted first, 

followed by the interaction terms, and adjusted means and standard errors for each treatment 

combination were estimated using the final models. Tl and TSO were not available for some 

treatment combinations where no germination occurred, so these combinations were omitted 

from the analyses. 

All data - for both GLMs and ANOV As - were explored using box and normal probability 

plots, and the residuals from each model were plotted against fitted values. These graphical 

interpretations showed that in the vast majority of cases the assumptions underlying the 

various analyses were met in the GLMs, but some ANOV As required T 1 and TSO data to be 

log transformed. All analyses were undertaken using GenStat (2000). 

The graphical data presented for the proportion of seeds germinated are predicted values 

from the final model ± standard error. The graphical data presented for T 1 and T50 are 

untransformed data but the ANOV A tables are derived from log-transformed data, where 

transformation was necessary. Germination percentage (GP = proportion of seeds that 

germinated) was calculated as: 

GP = total number of seed germinated/total number of seeds tested x 100. 
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3.2.3.1 Data analysed in this trial 

Using seed of each species from only one same sample (i.e. same cohort and same sample 

area), not all age, temperature and species combinations were possible. Table 3.1 shows the 

temperature and seed age combination for each species that were included in the analysis. 

The full models for this trial fitted species, temperature and seed age. The full models from 

these data sets showed that there were significant interactions between species and all other 

terms, so separate analyses for temperature and seed age were subsequently performed for 

each species. 
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Table 3.1 The combinations of temperature and seed age that were analysed for each 

species.

Age

(mo)

15°C 20“C 25°C 30°C 35#C 40°C

4 P.contortum P.contortum P.contortum P.contortum P.contortum

7 P.contortum P.contortum P.contortum P.contortum P.contortum P.contortum

11 Chloris Chloris Chloris Chloris

12 P.contortum P.contortum P.contortum P.contortum P.contortum P. contortum

14 P.contortum P.contortum 

Chloris

P.contortum 

Chloris

P.contortum 

Chloris

P.contortum 

Chloris

P.contortum 

Chloris

15 Dichanthium 

P.contortum

Ectrosia 

Eriachne 

Dichanthium 

P.contortum

Ectrosia 

Eriachne 

Dichanthium 

P.contortum

Ectrosia 

Eriachne 

Dichanthium 

P.contortum

Ectrosia 

Eriachn 

Dichanthium 

P.contortum

Ectrosia 

Eriachne 

Dichanthium 

P.contortum

17 Dichanthium 

Chloris 

P.contortum

Dichanthium 

P.contortum 

Chloris

Dichanthium 

Chloris 

P.contortum

Dichanthium 

Chloris 

P.contortum

Dichanthium 

Chloris 

P.contortum

19 Chloris Chloris Chloris Chloris Chloris

20 P.contortum P.contortum P.contortum P.contortum P.contortum P.contortum

21 Ectrosia

Eriachne

Dichanthium

Ectrosia

Eriachne

Dichanthium

Ectrosia

Eriachne

Dichanthium

Ectrosia

Eriachne

Dichanthium

23 P.contortum P.contortum P.contortum P.contortum P.contortum

25 P.contortum P.contortum P.contortum P.contortum P.contortum P.contortum

27 Ectrosia

Eriachne

Dichanthium

Ectrosia

Eriachne

Dichanthium

Ectrosia

Eriachne

Dichanthium

Ectrosia

Eriachne

Dichanthium

Ectrosia

Eriachne

Dichanthium

31 Ectrosia

Eriachne

Dichanthium

Ectrosia

Eriachne

Dichanthium

Ectrosia

Eriachne

Dichanthium

Ectrosia

Eriachne

Dichanthium

Ectrosia

Eriachne

Dichanthium
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Table 3.1 The combinations of temperature and seed age that were analysed for each 

species. 

Age 15°C 20°c 2s0c 30°c 3s0c 40°C 

(mo) 

4 P.contortum P.contortum P.contortum P.contortum P.contortum 

7 P.contortum P.contortum P.contortum P.contortum P.contortum P.contortum 

11 Chloris Chloris Chloris Chloris 

12 P.contortum P.contortum P.contortum P.contortum P.contortum P.contortum 

14 P.contortum P.contortum P.contortum P.contortum P.contortum P.contortum 

Chloris Chloris Chloris Chloris Chloris 

15 Dichanthium Ectrosia Ectrosia Ectrosia Ectrosia Ectrosia 

P.contortum Eriachne Eriachne Eriachne Eriachn Eriachne 

Dichanthium Dichanthium Dichanthium Dichanthium Dichanthium 

P.contortum P.contortum P.contortum P.contortum P.contortum 
-

17 Dichanthium Dichanthium Dichanthium Dichanthium Dichanthium 

Chloris P.contortum Chloris Chloris Chloris 

P.contortum Chloris P.contortum P.contortum P.contortum 

19 Chloris Chloris Chloris Chloris Chloris 

20 P.contortum P.contortum P.contortum P.contortum P.contortum P.contortum 

21 Ectrosia Ectrosia Ectrosia Ectrosia 

Eriachne Eriachne Eriachne Eriachne 

Dichanthium Dichanthium Dichanthium Dichanthium 

23 P.contortum P.contortum P.contortum P.contortum P.contortum 

25 P.contortum P.contortum P.contortum P.contortum P.contortum P.contortum 

27 Ectrosia Ectrosia Ectrosia Ectrosia Ectrosia 

Eriachne Eriachne Eriachne Eriachne Eriachne 

Dichanthium Dichanthium Dichanthium Dichanthium Dichanthium 

31 Ectrosia Ectrosia Ectrosia Ectrosia Ectrosia 

Eriachne Eriachne Eriachne Eriachne Eriachne 

Dichanthium Dichanthium Dichanthium Dichanthium Dichanthium 
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3.2.4 Results 

3.2.4.1 Total germination 

Total germination for each species varied significantly with seed age (P<0.01 to P<0.001) 

and with temperature (P<0.001). The pattern of germination for each species was also 

strongly influenced by the interaction of seed age and temperature (P<0.001; Tables 3.2a, b, 

c, d, e). In all cases, models incorporating age, temperature and age * temperature accounted 

for >80% of variance in the response variable. The patterns for individual species are 

presented in Figure 3.2. 

Table 3.2a Analysis of deviance for the number of Ectrosia leporina seeds germinated 

at constant temperatures ranging from 20°C to 40°C and seed ages from 15 months to 

31 months. R2 = 0.844; **<0.01; ***P<0.001 

Change deviance d.f. Deviance Mean Deviance p 

deviance ratio 

Age 3 34.93 11.64 5.30 ** 

Temperature 4 379.82 94.96 43.20 *** 

Age*temperature 11 132.9 12.08 5.50 *** 

Residual 46 101.10 2.20 

Total 64 648.75 10.13 
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Table 3.2b Analysis of deviance for the number of Eriachane schultziana seeds 

germinated at constant temperatures ranging from 15°C to 40°C and seed ages from 15 

months to 31 months. R2 = 0.855; ***P<0.001

Change deviance d.f. Deviance Mean

deviance

Deviance

ratio

P

Age 3 94.31 31.43 77.08 ***

Temperature 4 308.33 77.08 31.44 ***

Age*temperature 11 153.24 13.93 13.93

Residual 46 116.64 2.53
Total 64 672.53 10.58

Table 3.2c Analysis of deviance for the number of Dichanthium sericeum seeds 

germinated at constant temperatures ranging from 20°C to_40°C and seed ages from 15 

months to 31 months. R2-= 0.809; **P<0.01; ***P<0.001

Change deviance d.f. Deviance Mean

deviance

Deviance

ratio

P

Age 4 370.80 93.70 34.36

Temperature 4 183.94 45.99 17.05

Age*temperature 14 110.94 7.92 2.94 **

Residual 58 156.47 2.69
Total 80 822.17 10.28

germination
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Table 3.2b Analysis of deviance for the number of Eriachane schultziana seeds 

germinated at constant temperatures ranging from 15°C to 40°C and seed ages from 15 

months to 31 months. R2 = 0.855; ***P<0.001 

Ch'ange deviance 

Age 

Temperature 

Age *temperature 

Residual 

Total 

d.f. 

3 

4 

11 

46 

64 

Deviance 

94.31 

308.33 

153.24 

116.64 

672.53 

Mean 

deviance 

31.43 

77.08 

13.93 

2.53 

10.58 

Deviance p 

ratio 

77.08 *** 

31.44 *** 

13.93 *** 

Table 3.2c Analysis of deviance for the number of Dichanthium sericeum seeds 

germinated at constant temperatures ranging from 20°C to-40°C and seed ages from 15 

months to 31 months. R2 -= 0.809; **P<0.01; ***P<0.001 

Change deviance d.f. Deviance Mean Deviance p 

deviance ratio 

Age 4 370.80 93.70 34.36 *** 

Temperature 4 183.94 45.99 17.05 *** 

Age*temperature 14 110.94 7.92 2.94 ** 

Residual 58 156.47 2.69 

Total 80 822.17 10.28 
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Table 3.2d Analysis of deviance for the number of Pseudopogonatherum contortum 

seeds germinated at constant temperatures ranging from 15°C to 40°C and seed ages 

from 4 months to 25 months. R2 = 0.911; ***P<0.001 

Change deviance d.f. Deviance Mean Deviance p 

deviance ratio 

Age 8 420.20 52.53 216.7 *** 

Temperature 5 1083.52 216.7 52.53 *** 

Age *temperature 36 166.06 4.61 4.61 *** 

Residual 99 161.75 1.63 

Total 148 1831.55 12.37 

Table 3.2e Analysis of deviance for the number of Chloris gayana seeds germinated at 

constant temperatures ranging from 20°C to 40°C and seed ages from 11 months to 19 

months. R2 = 0.844; **P<0.01, ***P<0.001 

Change deviance d.f. Deviance Mean Deviance p 

deviance ratio 

Age 5 280.75 56.15 56.15 ** 

Temperature 4 30.42 7.6 7.60 *** 

Age *temperature 17 127.55 7.5 7.50 *** 

Residual 62 81.06 1.3 1.30 

Total 88 519.78 5.9 5.90 
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Only one of the species, Pseudopogonatherum, germinated at temperatures <20°C. For all 

species, some germination was possible at temperatures from 20 to 35°C. For both Ectrosia 

(Fig. 3.2a) and Eriachne (Fig. 3.2b), germination was highest from 25°C to 35°C, and in seed 

aged 27 months for Ectrosia, and 31 months for Eriachne, the oldest seed for which there 

was a complete set of temperature and age combinations. For Dichanthium, germination was 

highest in 15 and 17 month old seed and decreased substantially after that time (Fig. 3.2c). 

The optimum temperature range for germination in this species was 20-30°C. 

Pseudopogonatherum germination was highest at temperatures from 20-25°C and in seed 

aged from 12 to 15 months (Fig. 3.2d). Chloris had relatively low but consistent germination 

o f between about 10% and 40% across all ages and temperatures (Fig. 3.2e).

The combination o f temperature and seed age at which maximum germination occurred for 

each species is shown in Table 3.3. Under these optimum conditions, the four native species 

had germination percentages of 65% or greater, which was substantially higher than that of 

the introduced Chloris, which had a maximum germination of 42%. The seed age at which 

maximum germination occurred ranged from about one year for Pseudopogonatherum  and 

Chloris to over two years for Ectrosia and Eriachne. The optimum seed age for Dichanthium 

fell between these two extremes.

Table 3.3 Mean maximum percentage germination (PG) of three tropical native 

grasses, Ectrosia leporina, Eriachne schultziana, Dichanthium sericeum and 

Pseudopogonatherum contortum and the introduced Chloris gayana at optimum 

temperature and optimum seed age combinations.

103

Species Temperature (°C) Seed age (mo) Mean maximum PG

Ectrosia 35 27 83 ±6

Eriachne 30 27 67 ±5

Dichanthium 25 17 65 ±7

P.contortum 20 12 77 ± 4

Chloris 20 14 42 ±5

germination
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Only one of the species, Pseudopogonatherum, germinated at temperatures <20°C. For all 

species, some germination was possible at temperatures from 20 to 35°C. For both Ectrosia 

(Fig. 3.2a) and Eriachne (Fig. 3.2b), germination was highest from 25°C to 35°C, and in seed 

aged 27 months for Ectrosia, and 31 months for Eriachne, the oldest seed for which there 

was a complete set of temperature and age combinations. For Dichanthium, germination was 

highest in 15 and 17 month old seed and decreased substantially after that time (Fig. 3.2c ). 

The optimum temperature range for germination in this species was 20-30°C. 

Pseudopogonatherum germination was highest at temperatures from 20-25°C and in seed 

aged from 12 to 15 months (Fig. 3.2d). Chloris had relatively low but consistent germination 

of between about 10% and 40% across all ages and temperatures (Fig. 3.2e). 

The combination of temperature and seed age at which maximum germination occurred for 

each species is shown in Table 3.3. Under these optimum conditions, the four native species 

had germination percentages of 65% or greater, which was substantially higher than that of 

the introduced Chloris, which had a maximum germination of 42%. The seed age at which 

maximum germination occurred ranged from about one year for Pseudopogonatherum and 

Chloris to over two years for Ectrosia and Eriachne. The optimum seed age for Dichanthium 

fell between these two extremes. 

Table 3.3 Mean maximum percentage germination (PG) of three tropical native 

grasses, Ectrosia leporina, Eriaclzne sclzultziana, Diclzantlzium sericeum and 

Pseudopogonatlzerum contortum and the introduced Chloris gayana at optimum 

temperature and optimum seed age combinations. 

Species Temperature (0C) Seed age (mo) Mean maximum PG 

Ectrosia 35 27 83 ± 6 

Eriachne 30 27 67 ± 5 

Dichanthium 25 17 65±7 

P.contortum 20 12 77 ±4 

Chloris 20 14 42±5 
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Fig. 3.2 The effect of constant temperature on germination in seed of various ages for 

three perennial native grasses, (a) Ectrosia leporilla, (h) Eriaclme sclmltzialla and (c) 

Dichallthium sericeum. Mean values and standard errors are from predictions from the 

regression model using complete combinations of species, temperature and seed age for 

each species. These data, combined with the data for which full combinations were not 

possible (that is at seed ages outside the range shown here) are shown in Fig. 3.3. 
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(d) P . c o n to r tu m
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Fig. 3.2 (continued) The effect of constant temperature on germination in seed of 

various ages for the annual native grasses, (d) Pseudopogonatherum contortum and (e) 

the introduced perennial species Chloris gayana. Mean values and standard errors are 

from predictions from the regression model using complete combinations of species, 

temperature and seed age for each species. These data, combined with the data for 

which full combinations were not possible (that is at seed ages outside the range shown 

here) are shown in Fig. 3.3.
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Fig. 3.2 (continued) The effect of constant temperature on germination in seed of 

various ages for the annual native grasses, (d) Pseudopogonatherum contortum and (e) 

the introduced perennial species Chloris gayana. Mean values and standard errors are 

from predictions from the regression model using complete combinations of species, 

temperature and seed age for each species. These data, combined with the data for 

which full combinations were not possible (that is at seed ages outside the range shown 

here) are shown in Fig. 3.3. 
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Figure 3.3 shows the full range of seed ages over which germination tests were conducted. 

Most of these tests were conducted on single cohorts but some tests on young seed were 

conducted on seed lots that were collected in the following year and so these data were not 

eligible to be included in the statistical analysis. Data shown are the mean maximum 

germination for each species at the temperature at which germination was consistently 

highest across seed ages. For Ectrosia and Eriachne this was 30°C, and for Dichanthium, 

Pseudopogonatherum and Chloris it was 25°C. These temperatures vary from those shown in 

Table 3.3 because the table reports the conditions at which the mean maximum germination 

for each species was attained and takes no account of consistent germination across seed 

ages. 
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Fig. 3.3 Variation in maximum percent germination (PG) as a function of seed age. 

Data are PG at the temperature at which germination was consistently highest. For 

Ectrosia leporina and Eriaclme scltultziana this was 30°C and for Dichanthium 

sericeum, Pseudopogonatherum contortum and Chloris gayana this was 25°C. 
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Seed of all the perennial species was dormant for at least six months during which time no 

germination occurred. Ectrosia  and Eriachne had similar patterns. Germination gradually 

increased from about 8 months and reached a peak at 27 to 31 months. Seed that was five 

years old still attained 20% germination for Ectrosia and 29% germination for Eriachne. The 

results showed that the period for which germination was greater than 30% was 33 months 

for both species.

For Dichanthium, germination peaked at 65% in 15- and 17-month old seed. Either side of 

this age germination was substantially less indicating that Dichanthium  has a narrow range 

for germination (of only a few months) either side of its optimum germination age. 

Germination of over 30% occurred for only a few months either side of this optimum age.

Pseudopogonatherum, the annual species, had a relatively short dormancy period (4-10 

months) compared with the perennial native grasses. Germination commenced at two months 

and rapidly increased to be nearly 50% at 7 months. Germination of native perennial seed of 

a similar age was less than 20%. Pseudopogonatherum  maintained a high level of 

germination from 12 months until 37 months, the oldest seed tested. Throughout that period, 

germination was maintained at 60% to 70%.

Chloris had a relatively young optimum germination age peaking at eight months. Chloris 

maintained a fairly constant and relatively low level of germination through until 34 months, 

the oldest seed tested, at which only 10% of seed germinated. However, germination of over 

30% was maintained for a relatively short period, from about seven to 11 months.
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a similar age was less than 20%. Pseudopogonatherum maintained a high level of 

germination from 12 months until 37 months, the oldest seed tested. Throughout that period, 

germination was maintained at 60% to 70%. 

Chloris had a relatively young optimum germination age peaking at eight months. Chloris 
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the oldest seed tested, at which only 10% of seed germinated. However, germination of over 

30% was maintained for a relatively short period, from about seven to 11 months. 
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3.2.4.2 Time to initial germination (Tl) 

Temperature, seed age and the interaction between those two factors had a highly significant 

effect on the average time to first germination for all species (P<0.0001, Tables 3.4a, b, c, d, 

e). In general, germination commenced more rapidly at temperatures from 30 to 35°C and at 

the optimum germination seed age for each species. At temperatures below 25°C and above 

35°C, there was either no germination, or TI was substantially greater than at 25°, 30° or 

35°C. For all species, models incorporating seed age, temperature and the interaction of these 

factors accounted for> 70% of variance in the response variable. 

Chloris was the fastest species to germinate, commencing within 1 day at temperatures from 

30 to 35°C and in seed that was 14 and 17 months old (Fig. 3.4e). For Ectrosia (Fig. 3.4a) 

and Eriachne (Fig. 3.4b), germination occurred first (within 2-3 days) at 35°C and in seed 

aged 27 months. Germination of Dichanthium commenced within 2 days at 30°C and in seed 

that was 17, 21 and 31 months of age (Fig. 3.4c). Pseudopogonatherum also commenced 

germination within 2 days at 25°C Jo 35°C in seed that was 12 and 23 months old (Fig. 3.4d). 
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Table 3.4a Analysis of variance for time to initial germination (log Tl) for Ectrosia 

leporina. Germination was tested at constant temperatures from 20°C to 40°C and at 

seed ages from 15 months to 31 months. R2 = 0.98; ***P < 0.001

Change d.f. S.S. m.s. v.r. P

Age 3 3.10 1.03 100.98  ̂̂  ̂

Temperature 4 18.91 4.72 461.33  ̂ sfc

Age*temperature 11 5.34 0.48 47.36

Residual 46 0.47 0.10

Total 64 27.83 0.43

Table 3.4b Analysis of variance for time to initial germination (log Tl) for Eriachne 

schultziana. Germination was tested at constant temperatures from 20°C to 40°C and at 

seed ages from 15 months to 31 months. R2 = 0.85; ***P<0.001

Cliange d.f. S.S. m.s. v.r. P

Age 3 1.22 0.40 9.44 ***

Temperature 4 12.87 3.21 74.37

Age*temperature 11 2.94 0.27 6.2 ***

Residual 46 1.99 0.04

Total 64 19.02 0.30

Table 3.4c Analysis of variance for time to initial germination (log Tl) for Dichanthium 

sericeum. Germination was tested at constant temperatures from 20°C to 40°C and at 

seed ages from 15 months to 31 months. R2 = 0.71; **P<0.01, ***P<0.001

Change d.f. S.S. m.s. v.r. P

Age 4 4.16 1.04 7.83 ***

Temperature 4 22.74 5.68 42.74 ***

Age*temperature 14 4.53 0.32 2.43

Residual 58 7.17 0.133

Total 80 39.16 0.48
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Table 3.4d Analysis of variance for time to initial germination (log Tl) for 

Pseudopogonatherum contortum. Germination was tested at constant temperatures 

from 15°C to 40°C and at seed ages from 4 months to 25 months. R2 = 0.90; ***P<0.001 

Change d.f. s.s. m.s. v.r. p 

Age 8 4.18 0.522 9.68 *** 

Temperature 5 61.38 12.27 227.36 *** 

Age *temperature 36 15.11 0.42 7.78 *** 

Residual 99 5.34 0.05 

Total 148 86.03 0.58 

Table 3.4e Analysis of variance for time to initial germination (Tl, untransformed 

data) for Chloris gaya11a. Germination was tested at constant temperatures from 20°c 

to 40°C and at seed ages from 11 months to 19 months. R2 = 0.96; ***P<0.001 

Change d.f. s.s. m.s. v.r. p 

Age 4 486.45 121.61 87.59 *** 

Temperature 5 1679.42 335.88 241.91 *** 

Age *temperature 17 970.40 57.08 41.11 *** 

Residual 62 86.08 1.39 

Total 88 3222.36 36.62 
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Fig. 3.4 The effect of temperature and seed age on time to first germination (Tl) for 

four native grasses; (a) Ectrosia leporina, (b) Eriachne schultziana, (c) Dichanthium 

sericeunt and (d) Pseudopogonatherum contortum, and the introduced grass, (e) Chloris 

gayana. Data presented are untransformed means. Tests ran for 14 days. Where Tl = 

15 days, no germination occurred.
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Fig. 3.4 The effect of temperature and seed age on time to first germination (Tl) for 

four native grasses; (a) Ectrosia leporina, (b) Eriachne schultziana, (c) Dichanthium 

sericeum and (d) Pseudopogonatherum contortum, and the introduced grass, (e) Chloris 

gayana. Data presented are untransformed means. Tests ran for 14 days. Where Tl = 

15 days, no germination occurred. 
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3.2.4.3 Effect of temperature and seed age on TSO 

Temperature, seed age and the interaction of those factors had a highly significant effect on 

time to 50% of maximum germination for all species (P<0.001, Tables 3.5, a, b, c, d, e), 

except for the effects of age and temperature on Dichanthium, which was less significant 

(P<0.05, Table 3.5c). The full model incorporating seed age, temperature and age * 

temperature accounted for >80% of variation in the data for all species except Dichanthium 

for which the full model accounted for >60% of variation in the data. 

Where mean total germination was over 20%, the pattern for TSO was similar to that of Tl in 

that it was most rapid at temperatures from 25 to 35°C and at seed ages where maximum 

total germination occurred (Fig. 3.5). TSO generally occurred from 3 to 7 days. It was most 

rapid in Chloris (Fig. 3.5e) where it occurred within 1 or 2 days under some conditions. 

Table 3.Sa Analysis of variance for time to 50% of log maximum germination (log TSO) 

for Ectrosia leporina. Germination was tested at constant temperatures from 20°c to 

40°C and at seed ages from 15 months to 31 months. R2 = 0.95; ***P<0.001 

Change d.f. s.s. m.s. v.r. p 

Age 3 32.62 0.87 48.73 *** 
Temperature 4 16.08 4.02 224.65 *** 

Age*temperature 11 3.41 0.31 17.35 *** 

Residual 46 0.82 0.01 

Total 64 22.94 0.35 
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Table 3.5b Analysis of variance for time to 50% of log maximum germination (log 

T50) for Eriachne schultziana. Germination was tested at constant temperatures from 

20°C to 40°C and at seed ages from 15 months to 31 months. R2 = 0.85; ***P<0.001

Change d.f. S.S. m.s. v.r. P

Age 3 0.76 0.25 10.18 ***

Temperature 4 7.03 1.75 69.73

Age*temperature 11 1.46 0.13 5.27 ***

Residual 46 1.16 0.25

Total 64 10.42 0.15

Table 3.5c Analysis of variance for time to 50% of log maximum germination (log T50) 

for Dichanthium sericeum. Germination was tested at constant temperatures from 20°C 

to 40°C and at seed ages from 15 months to 31 months. R2 = 0.64; *P<0.05, ***P<0.001

Change d.f. S.S. m.s. v.r. P

Age 4 4.75 1.18 8.98

Temperature 4 13.44 3.36 25.37

Age*temperature 14 3.48 0.24 1.87 *

Residual 58 7.68 0.13

Total 80 29.37 0.37
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Table 3.Sb Analysis of variance for time to 50% of log maximum germination (log 

TSO) for Eriaclme sc/mltziana. Germination was tested at constant temperatures from 

20°C to 40°C and at seed ages from 15 months to 31 months. R2 = 0.85; ***P<0.001 

Change d.f. S.S. m.s. v.r. p 

Age 3 0.76 0.25 10.18 *** 

Temperature 4 7.03 1.75 69.73 *** 

Age*temperature 11 1.46 0.13 5.27 *** 

Residual 46 1.16 0.25 

Total 64 10.42 0.15 

Table 3.Sc Analysis of variance for time to 50% of log maximum germination (log TSO) 

for Dichanthium sericeum. Germination was tested at constant temperatures from 20°C 

to 40°C and at seed ages from 15 months to 31 months. R2 = 0.64; *P<0.05, ***P<0.001 

Change d.f. s.s. m.s. v.r. p 

Age 4 4.75 l.18 8.98 *** 

Temperature 4 13.44 3.36 25.37 *** 

Age *temperature 14 3.48 0.24 1.87 * 

Residual 58 7.68 0.13 

Total 80 29.37 0.37 
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Table 3.Sd Analysis of variance for time to 50% of log maximum germination (log 

TSO) for Pseudopogo11atherum co11tortum. Germination was tested at constant 

temperatures from 15°C to 40°C and at seed ages from 4 months to 25 months. R2 = 

0.84; ***P<0.001 

Change d.f. S.S. m.s. v.r. p 

Age 8 7.26 0.90 15.24 *** 

Temperature 5 39.07 7.81 131.19 *** 

Age*temperature 36 3.93 0.10 1.83 *** 

Residual 99 5.89 0.06 

Total 148 56.16 0.38 

Table 3.Se Analysis of variance for time to 50% of maximum germination 

(untransformed TSO) for Chloris gaya11a. Germination was tested at constant 

temperatures from 20°C to 40°C and at seed ages from 8 months to 19 months. R2 = 

0.91; **P<0.01 

Change d.f. s.s. m.s. v.r. p 

Age 4 420.51 105.12 39.32 *** 

Temperature 5 1670.71 334.14 124.99 *** 

Age *temperature 17 571.00 33.59 12.56 *** 

Residual 62 165.75 2.67 

Total 88 2827.98 32.13 

Chapter 3 Dormancy and germmatwn 



115

15 20 25 30 35
Tem  p erature (°C)

40

(d) P . c o n to r tu m

t o
W m
B "
3:1
a  g,

-X -

- 4 mo 
-7  mo 
-12 mo

. _  15 mo 
. .  . q . . .  20 mo 
 A 25 mo

Tem perature (°C)

(e ) C h lo r is

15

!* g 12o o 
“ « 9 
£ = 
c» P 6 >■ £
Q ® OD O) 4

0

■ 11 mo 
. 14 mo 

— A- - - 17 mo

Tem  p erature (°C)

Fig. 3.5 The effect of temperature and seed age on time (days) to 50% of maximum 

germination (T50) for four native grasses; (a) Ectrosia leporina, (b) Eriachne 

schultziana, (c) Dichanthium sericeum and (d) Pseudopogonatherum contortum, and the 

introduced grass, (e) Chloris gayana. Tests ran for 14 days. Where T50 = 15 days, no 

germination occurred.
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Fig. 3.5 The effect of temperature and seed age on time (days) to 50% of maximum 

germination (TSO) for four native grasses; (a) Ectrosia leporina, (b) Eriachne 

schultziana, (c) Dichanthium sericeum and (d) Pseudopogonatherum contortum, and the 

introduced grass, (e) Chloris gayana. Tests ran for 14 days. Where TSO = 15 days, no 

germination occurred. 
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Most seed of all species had germinated within seven days (Fig. 3.6). The native species 

(Fig. 3.6a, b, c, d) reached maximum germination in about seven days while Chloris reached 

maximum germination within five days (Fig. 3.6e). 

Chapter 3 Dormancy and germmatwn 



117

(a)
75 -

(d)

0 5 10 15

Fig. 3.6 Cumulative % germination for (a) Ectrosia (temperature = 30°C, seed age = 31 
months), (b) Eriachne (temperature = 30#C, seed age = 27 months), (c) Dichanthium 
(temperature = 25°C, seed age = 17 months), (d) Pseudopogonatherum (temperature = 25°C, seed 
age = 12 months), and (e) Chloris (temperature = 25#C, seed age = 8 months). Bars represent 
standard error; where no bar is shown, SE is less than the vertical dimension of the symbol.
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Fig. 3.6 Cumulative % germination for (a) Ectrosia (temperature = 30°C, seed age = 31 

months), (b) Eriachne (temperature = 30°C, seed age = 27 months), (c) Dichanthium 

(temperature= 256C, seed age= 17 months), (d) Pseudopogonatherum (temperature= 256C, seed 

age =;12 months), and (e) Chloris (temperature= 25°C, seed age= 8 months). Bars represent 

standard error; where no bar is shown, SE is less than the vertical dimension of the symbol. 
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3.2.5 Discussion 

3.2.5.1 Effect of temperature 

The temperature requirements for maximum germination were broadly similar for the five 

species in that there was little germination outside the range 20-35°C. Temperature optima 

were highest in Ectrosia and Eriachne, (30-35°C). The optimal temperature range for the 

annual Pseudopogonatherwn was lower than for the perennial species at 20-25°C. It was also 

lower than the 25-35°C range reported for maximum germination of annual sorghum in 

northern Australia (Andrew and Mott 1983). 

The temperature range within which maximum germination occurred for Ectrosia and 

Eriachne is similar to that reported by other authors. Mott ( 1978) and Hopkins (1996) found 

that tropical perennial species had maximal germination at 30°C. Such temperatures are 

similar to those that would be expected on or near the soil surface during the usual 

germination period (Mott and Groves 1981). In unburnt savanna near Katherine in the 

Northern Territory, soil surface temperatures during the summer ranged from about 24°C to 

30°C during a 24 hour period, while in burnt savanna, temperatures were slightly higher 

ranging from about 25°C to 35°C (Tothill and Shaw 1968). Thus, soil temperatures at the 

time of sowing (late December-early January) would meet the temperature requirement for 

gemination on the native grasses evaluated in this study and presumably for most other 

tropical savanna grasses. In areas where rainfall is seasonal, soil moisture rather than soil 

temperature has a greater influence on germination (Tevis 1958; Freas and Kemp 1983). 

Optima in Dichanthium and Chloris, which can extend to more southerly latitudes, were 20-

300C. Grice et al. ( 1995) reported an optimum temperature range for Dichanthium seed that 

was collected from western New South Wales, was 20-35°C which was broader than the 25-

300C range found in this study. 

Relationships between temperature optima and latitudinal range have been demonstrated for 

other perennial grass species. Orr (1986) found that Astrebla lappacea, which occurred at the 
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southern extremity o f the range of Astrebla grasslands, had maximum germination at 35°C, 

whilst A. lappacea, which occurred at the northern extremity of its range, had maximum 

germination at 40°C. Populations of Themeda australis from arid regions tend to have a 

higher level o f dormancy than populations from wetter regions (Groves et al. 1982). These 

differences suggest that geographic range is related to germination responses in relation to 

variation in temperature.

From a review o f germination studies it is clear that germination success varies widely both 

within and between species. The maximum germination percentage o f Dichanthium  in this 

study (65%) was less than that reported for the same species by Watt and Whalley (1982; 

nearly 100%), but greater than that reported by Lodge and Whalley (1981; 31%) and by 

Grice et al. (1995; 26%). The maximum germination percentage for Chloris in this study 

was 42% which was lower than comparable studies on this species by Watt and Whalley 

(1982) and Huxtable (1996) who reported 64% and 56% respectively, but similar to Mclvor 

and Howden (2000) who recorded 35%. Only one other germination study was found for E. 

leporina (Gray 1994), and the final PG for that study (45%) was lower than that reported 

here (65%). There are no records in the literature for germination or establishment on 

Eriachne schultziana  or the annual Pseudopogonatherum contortum. Annual sorghums, the 

dominant understorey species in tropical savannas have been studied, and final germination 

in that group has been recorded at 95% (Andrew and Mott 1983), higher than for 

Pseudopogonatherum  in this study (77%).

3.2.5.2 Effect of seed age

Seed of the native perennial grasses, Ectrosia and Eriachne, were almost completely 

dormant for up to six months and dormancy was not broken by exposure to high 

temperatures under laboratory conditions. Dormancy is important for tropical monsoon grass 

species that rely on the advent of wet season rains to germinate and establish. Strong 

dormancy is especially important where erratic, irregular mid-dry season rains may occur,
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such as may occur at Jabiru and other areas in the Top End. Dormancy in many grass species 

breaks completely during the dry season by exposure to increasing soil temperatures, so that 

germination occurs with the first wet season rains (Mott 1978). This dormancy is an adaptive 

characteristic because freshly ripened seed germinating during late summer rain or during 

mid-dry season rain would result in desiccation of seedlings during the full course of the dry 

season (Tothill 1977). 

The annual Pseudopogonatherum, in contrast to the perennials, had a dormancy period of 

only two months, fifty per cent of seed germinated at seven months and maximum 

germination was reached at 12 months. In a study of two annual sorghum species, Andrew 

and Mott (1983) found that dormancy of laboratory stored seeds was 81.8% at seed fall at the 

end of the wet season in March-May but reduced to only 0.5% by August-September. 

Similarly, Mott (1978) found that five native grass species from savanna woodlands of the 

Northern Territory were all dormant at seed fall and germination increased with dry storage. 

Seed of these species required at least four months storage for more than 50% of the viable 

seed to germinate 

The change from dormancy to non-dormancy is gradual rather than abrupt (Baskin and 

Baskin 1985) as illustrated by Ectrosia taking 31 months to reach maximum germination, 

Eriachne taking 27 months and Dichanthium 17 months. Grice et al. ( 1995) found that 

Dichanthium had a relatively low optimum germination age of only six months. 

Once dormancy is broken, rapid germination, or a high germination rate, may be desirable in 

revegetation situations so that a vegetative cover develops as quickly as possible to minimise 

substrate erosion. Rapid germination and growth in response to favourable environmental 

conditions such as moisture and temperature may be an advantage because seedlings can 

establish while favourable growth conditions exist and be able to tolerate subsequent 

conditions that are less favourable. Rapid germination and growth responses may also give 

species a competitive edge over slower germinating species where vital resources such as 
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moisture, nutrients and light are limited. High germination rate is a characteristic of many 

tropical grass species and this attribute increases the probability of successful germination 

where high summer temperatures quickly dry soils after rain (Mott 1978).

Chloris gayana, the introduced species, germinated faster than the native species, 

commencing germination within one or two days. This is similar to results from a Brazilian 

laboratory study that compared the germination of the introduced African grass Andropogan  

gayanus (Gamba grass) with two native grass species. A. gayanus germination started one 

day after sowing and the native species commenced germination seven and ten days after 

sowing (Klink 1996). A. gayanus also germinated more rapidly than the native species in the 

field.

Whilst T l and T50 in this trial were significantly different between species, the ranges for 

these variables were narrow with most germinable seed emerging within seven days for all 

species. Germination rates for tropical grasses are typically rapid. Andrew and Mott (1983) 

reported 90% germination o f annual sorghum species within five days. Sorghum stipoideum  

reached 80% of total germination within 48 hours at 32°C (Mott 1978). The five species 

tested in this project all commenced germination within three days at their optimum 

temperature ranges and the majority of germinable seeds had germinated within seven to 

eight days.

Few studies have been conducted on the viable seed lives of native grass species. Silcock et 

al. (1990) tested 17 perennial grasses, including Dichanthium , and found that most 

maintained high germination for several years. In that study, Dichanthium  had maximum 

germination of about 35% for one to three years and at five years germination was about 

30%. In contrast to Silcock’s study, germination of Dichanthium  in this study was about 

20% after 22 months and by three years no further germination occurred. Germination of 

Ectrosia and Eriachne maintained germination at over 30% for nearly three years (for seed 

aged 15 to 48 months), and at over of 20% for nearly five years (for seed aged 15 to 60
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moisture, nutrients and light are limited. High germination rate is a characteristic of many 

tropical grass species and this attribute increases the probability of successful germination 

where high summer temperatures quickly dry soils after rain (Mott 1978). 

Chloris gayana, the introduced species, germinated faster than the native species, 

commencing germination within one or two days. This is similar to results from a Brazilian 

laboratory study that compared the germination of the introduced African grass Andropogan 

gayanus (Gamba grass) with two native grass species. A gayanus germination started one 

day after sowing and the native species commenced germination seven and ten days after 

sowing (Klink 1996). A. gayanus also germinated more rapidly than the native species in the 

field. 

Whilst Tl and T50 in this trial were significantly different between species, the ranges for 

these variables were narrow with most germinable seed emerging within seven days for all 

species. Germination rates for tropical grasses are typically rapid. Andrew and Mott (1983) 

reported 90% germination of annual sorghum species within five days. Sorghum stipoideum 

reached 80% of total germination within 48 hours at 32°C (Mott 1978). The five species 

tested in this project all commenced germination within three days at their optimum 

temperature ranges and the majority of germinable seeds had germinated within seven to 

eight days. 

Few studies have been conducted on the viable seed lives of native grass species. Silcock et 

al. ( 1990) tested 17 perennial grasses, including Dichanthiwn, and found that most 

maintained high germination for several years. In that study, Dichanthium had maximum 

germination of about 35% for one to three years and at five years germination was about 

30%. In contrast to Silcock's study, germination of Dichanthium in this study was about 

20% after 22 months and by three years no further germination occurred. Germination of 

Ectrosia and Eriachne maintained germination at over 30% for nearly three years (for seed 

aged 15 to 48 months), and at over of 20% for nearly five years (for seed aged 15 to 60 

Chapter 3 Dormancy and 
germmatwn 



uoiivunujid2 puv /buvuuoci f J3idviQ

'uoijaaqoo lajjB sqjuoui U3A9S jnoqB UIOJJ UMOS 

aq ppioo umu9i{ivuo8odopn9sj apqM ‘pjo sqjuoui z\ ucqj ssaj aq jou ppioqs lumipuvipiQ 

puu 3ui[3Dug ‘nisouvg jo paas ‘sjjnsai uoijnuiuuaS uinunjdo SuiAaiqoB jo XjqiqBqojd 

aqj asBajoui ox 'sjoafojd uoijBjaSaAaj SuiuuBjd joj suoijBaqduii junjjoduii SBq ‘pauiBjuiBui 

si uoijBuiuiiaS qSiq qoiqA\ joao puB ‘pauiBjjB si uoijEuiuuaS uinuiixBui qaiqA\ jb a§B paas aqx

•suoijipuoa XjojBjoqBj japun pajBJjsuouiap XjiAaSuoj paas jo ssajpjBSai [ios aqj 

ui suiBuiaj paas apjq /Oa^ ‘(8661 ^O) uoijanpoid paas ouiAvoqoj jauiuins aqj ui ajEuiuua§ 

jBiuuaiad puB [bhuub ‘sossbjS UBqBJjsny qjjou jsoui jo paas \iaA3A\oq ‘ppy aqj uj -v99vddv] 

■y pun vmwDad ojqdJisy ui sjBaX jqSia puB oaij jojjb puB sjboX jnoj jajjB AqEijuBjsqns 

pauqaap snuoiuoo iio2odo.i9i9p ui uoijBuiuuaS jBqj pajjodaj (LL6\) I1W°X '(sqjuoui

321-

122 

months). Tothill (1977) reported that germination in Heteropogon contortus declined 

substantially after four years and after five and eight years in Astrebla pectinata and A. 

lappacea. In the field, however, seed of most north Australian grasses, annual and perennial, 

germinate in the summer following seed production (Orr 1998). Very little seed remains in 

the soil regardless of seed longevity demonstrated under laboratory conditions. 

The seed age at which maximum germination is attained, and over which high germination is 

maintained, has important implications for planning revegetation projects. To increase the 

probability of achieving optimum germination results, seed of Ectrosia, Eriachne and 

Dichanthium should not be less than 12 months old, while Pseudopogonatherum could be 

sown from about seven months after collection. 
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3.3 THE EFFECTS OF SMOKE PRE-TREATMENT

3.3.1 Introduction

The previous trial demonstrated that the majority of seed of the local perennial grasses, 

Ectrosia and Eriachne, was dormant for up to seven months. Baxter et al. (1994) 

demonstrated that plant-derived smoke and aqueous extracts of smoke stimulated 

germination o f young dormant seed of Themeda triandra, an Australian tropical perennial 

grass. Plant derived smoke has also been shown to increase germination in older non- 

dormant seed, including that o f grasses (Dixon et al. 1995; Read 1997).

In this trial, dispersal units were treated with smoke to test whether smoke was effective in 

breaking dormancy in young seed and also in enhancing germination in older non-dormant 

seed.

3.3.2 Methods

Seeds of Ectrosia and Eriachne were collected on the Ranger Lease in May 1997. The 

results o f previous tests showed that, for these species, a large proportion of seed that was 

younger than seven months old was dormant. Previous tests also showed that germination in 

eight-month old seed o f Pseudopogonatherum  and 20-month old seed of Ectrosia, Eriachne, 

Dichanthium  and Chloris was relatively high. Seed of this age for these species was used to 

determine whether smoke treatment increased germination.

The smoke trial on older seed was conducted about 12 months after the trial on Ectrosia and 

Eriachne seed that was presumed to be dormant. Thus, for Ectrosia and Eriachne, the older 

and the dormant seed was from the same seed lot while for Dichanthium and Chloris, the 

older seed was purchased commercially in May 1997.

Smoke treatment of both dormant and older seed involved placing replicate unimbibed seed 

samples (i.e. intact dispersal units) in separate open containers under an upturned plastic tub. 

A bee keeper’s smoker, with a 2m length of flexible garden hose attached to the spout (Plate
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3.1 ), was stoked with dry grass and eucalypt and acacia leaves, and set alight. The hose was 

placed under the tub and within a couple of minutes, smoke drifted from under the tub 

indicating that it was filled with smoke. During the smoking process, the smoker was 

pumped occasionally to ensure that the tub remained smoke-saturated. 

Plate 3.1 Equipment that was used to smoke seeds. The bee-keeper's smoker was fiUed 

with dry vegetation, set alight and smoke was pumped under the upturned tub through 

a garden hose. 

Data analysed 

For seven-month old Ectrosia and Eriachne seed, smoke treatments were either unsmoked, 

smoked for five minutes, or smoked for ten minutes. Seed from each of these treatments 

were subsequently germinated at 25, 30, 35 and 40°C. 

For older seed, smoke treatments were either unsmoked or smoked for ten minutes and 

germinated in either the laboratory or in soil in the shadehouse. Laboratory germinated seed 

was set at a constant temperature. The difference between smoked seed germinated in the 

laboratory and smoked seed germinated in soil was not analysed but general comparisons are 

made. However, the effect of substrate on germination is investigated in section 3.7. 
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3.3.2.1 Young seed

Baxter et al. (1994) found that 5 or 15 minutes of smoke exposure resulted in the greatest 

germination of Themeda triandra. T. triandra is a perennial grass that grows in tropical 

regions and may have similar dormancy characteristics and germination requirements to the 

native grasses tested here. The seeds in this trial were exposed to the smoke for zero, five or 

ten minutes.

Four replicates each of thirty seeds smoke treated and unsmoked seeds were subsequently 

placed on a one-way thermogradient plate over a range o f five constant temperatures, from 

20° C to 40° C at 5° C increments, for a period of 14 days. Germinants were counted and 

removed daily.

3.3.2.2 Non-dormant seed

Twenty-month old seed of Chloris, Ectrosia, Eriachne and 'Dichanthium and eight-month 

old Pseudopogonatherum  seed was exposed to smoke to assess whether the treatment 

increased germination in seed that was presumed to be non-dormant seed.

The results of the effect o f smoke on dormant seed showed that there was no difference in 

germination between seed that was smoked for 5 or 10 minutes (section 3.5.3.1). 

Consequently, only two smoke treatments were tested in this trial -  unsmoked and smoked 

10 minutes. After smoke treatment, germination of young seed was tested under controlled 

conditions of temperature and moisture (in the laboratory).

Smoked and unsmoked seed was also placed in soil under shade house conditions to 

compare germination in the laboratory and soil and to determine if there was an interactive 

effect of smoke and soil.

3.3.2.2.1 Laboratory conditions on paper substrate

Three replicates each o f 30 smoke-treated and unsmoked dispersal units each of Ectrosia, 

Eriachne, Dichanthium, Pseudopogonatherum  and Chloris were placed on filter paper in
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glass petri dishes. The dishes were arranged on a one-way thermogradient plate at 

temperatures that had been set at the optimum range for germination for these speeies (see 

section 3.3.4.2). For Ectrosia and Eriachne this was 30°C and for Dichanthium, 

Pseudopogonatherum and Chloris it was 25°C. As for other laboratory germination trials, 

germinants were counted and removed daily until the end of the test at 14 days. 

3.3.2.2.2 Shadehouse conditions on soil substrate 

Two replicates each of fifty dispersal units of each species were smoked using the method 

described above. These two replicates and two unsmoked replicates, also each of fifty 

dispersal units, were sown in seedling trays that contained lateritic yellow earth which was 

about 4.5cm deep. The soil was pre-dominantly topsoil but with some sub-soil mixed in and 

it was collected from the proposed field trial site on the Ranger mine lease near Jabiro. 

Dispersal units were orientated so that embryos were in contact with the soil surface and 

units were then covered with a loose layer of soil of 1-3 mm deep depending on the species. 

For example, the large units of Eriachne were covered by a deeper layer of soil than were the 

relatively small units of Ectrosia aqd Chloris. Trays were placed in a shade house to protect 

them from the impact of intense wet season storms and animals, both native and domestic. 

Smoked and unsmoked dispersal units were sown in separate trays so that there was no 

possibility of a residual effect of smoke products from smoked seed leaching into the soil 

and affecting unsmoked seed. Thus, replicates for each speeies were randomly assigned to 

trays for either smoked or unsmoked treatment. There were two replicates per tray, one in 

each half. Trays were placed on a bench in a shade house under 60% shade cloth, and kept 

moist by wet season rainfall and supplemented with hand watering as necessary. The trial ran 

for I 4 days and the position of the trays was randomly shifted at regular intervals to account 

for any effect of location, such as light or temperature. 
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3.3.3 Results

3.3.3.1 Young seed germinated in laboratory

3.3.3.1.1 Total germination

Smoke treatment, species, temperature and the interactions between these factors all had a 

significant effects on germination, and the effects varied between species (PcO.Ol, Table

3.6). Germination in Ectrosia was highest for unsmoked seed that tested at 35°C (Fig. 3.7a) 

and germination declined with increasing exposure to smoke. At this temperature, 

germination of unsmoked seed was 14%, in seed smoked for five minutes it was 6%, and in 

seed that was smoked for ten minutes it was only 1 %.

Eriachne seed tested at 25°C exceeded 40% germination regardless of smoke treatment (Fig. 

3.7b). Clearly, a proportion of Eriachne seed was no longer dormant. At 25°C, germination 

in unsmoked seed was 44% compared with 48% in seed that was smoked for five minutes 

and 57% in seed that was smoked for 10 minutes.

Table 3.6 Analysis of deviance testing the effect of smoke treatment on number of 

seeds germinated of 7 month old seed of Ectrosia leporina and Eriachne schultziana.

R2 = 0.793; **P<0.01, ***P<0.001

Change d.f. Deviance Mean deviance Deviance ratio P

Smoke 2 10.63 5.31 5.32

Species 1 256.84 256.84 256.85

Temperature 3 188.92 62.98 62.98

Smoke*species 2 9.86 4.93 4.93 ❖ *

Species*temperature 3 73.38 24.46 24.46

Smoke*temperature 6 31.33 5.22 5.22 ***

Smoke*species*temp 6 21.51 3.59 3.59 ❖ si4*

Residual 48 154.37 3.21

Total 71 746.88 10.51

germination
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Fig. 3.7 The effect of smoke treatment on mean germination of 7 month old seed of 

local perennial grasses, (a) Ectrosia leporina and (b) Eriaclme schultzia11a. Seeds were 

exposed to smoke for 0, 5 or 10 minutes. There was no germination of Ectrosia at 25°C 

and 40°C. Capped, narrow vertical bars indicate standard error. 
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3.3.3.1.2 Time to initial germination (Tl)

Smoke treatment did not significantly affect the time to first germination (P<0.05, Table

3.7). Due to the low germination in Ectrosia, T l varied strongly between species (P<0.001) 

and with temperature (PcO.OOl). There was also a significant species by temperature 

interaction (P<0.05) and smoke by temperature interaction (P<0.05). Thus, the effect of 

smoke on T l depended on temperature but not on species.

Table 3.7 Analysis of variance testing the effect of smoke treatment on time to initial 

germination (Tl) in seven month old seed of Ectrosia leporina and Eriachne schultziana. 

R2 = 0.585; *P<0.05, ***P<0.001

Change d.f. S.S. m.s. v.r. P

Smoke 2 25.58 12.79 1.4 0.25

Species 1 476.34 475.34 51.86 sfs sf;

Temperature 3 282.38 94.12 10.27  ̂̂  ̂

Smoke*species 2 40.86 20.43 2.23 0.11

Smoke*temperature 6 136.08 22.68 2.47 *

Species*temperature 3 95.26 31.75 3.46 *

Smoke*species*temp 6 12 .3 12.06 1.32 0.269

Residual 48 440.00 9.17

Total 71 1567.87 22.08
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Germination in Eriachne occurred first at 30°C for all smoke treatments. There was no 

consistent pattern in Tl at other temperatures (Fig. 3.7). There is a suggestion that smoke 

tended to suppress Tl. Unsmoked seed was generally quicker to germinate than seed that 

was smoked for five minutes or ten minutes. 

10 - -+--0 mins 
C: 

.2 9 - ■ 
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;; 
·= A A 10mins; 
E 8 ■ .. 
Cl) 
Cl) 

~ 
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C: 
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"' 5 >, 
OS 
C 

4 

20 25 30 35 40 

Tern perature ("C) 

Fig. 3.8 Days to initial germination (Tl) for Eriachne schultziana seed that was smoke

treated for 0, 5 or 10 minutes _and tested over a range of constant temperatures. 

Ectrosia leporina data are not included because germination was low across treatments. 

3.3.3.2 Mature seed germinated in laboratory 

3.3.3.2.1 Total germination 

Smoke had no significant effect on the gemination of mature seed (P>0.05, Table 3.8). 

However, the interaction between smoke and species was significant (P<0.001), that is, the 

effect of smoke varied between species. Smoke increased germination of Eriachne, 

Dichanthium and Pseudopogonatherum but not of Ectrosia and Chloris (Fig. 3.9). 

Germination of smoked Pseudopogonatherum seed (78%) was substantially higher than that 

of unsmoked seed (51 % ). 
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Table 3.8 Analysis of deviance testing the effect of smoke pre-treatment on number of 

seeds germinated for mature seed of Ectrosia leporina, Eriachne schultziana, 

Dichanthium sericeum, Pseudopogonatherum contortum and Chloris gayana, tested 

under laboratory conditions. R2 = 0.762; ***P<0.001

Change d.f. deviance mean deviance deviance ratio P

Smoke 1 1.66 1.66 1.66 0.197

Species 4 110.06 27.51 27.51

Smoke*species 4 30.30 7.57 7.57

Residual 20 44.26 2.21

Total 29 186.28 6.42

90
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a>
s? 30
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Ectrosia Eriachne Dichanthium P.contortum
I
Chloris

Fig. 3.9 The effect of smoke on mean total germination of mature seed of Ectrosia 

leporina, Eriachne schultziana, Dichanthium sericeum, Pseudopogonatherum contortum 

and Chloris gayana. Ectrosia and Eriachne were germinated at 30°C and the other 

species were germinated at 25°C. All seeds were germinated in the petri dishes under 

controlled conditions of moisture and temperature. Capped vertical bars represent 

standard error.
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Fig. 3.9 The effect of smoke on mean total germination of mature seed of Ectrosia 

leporina, Eriaclme schultziana, Dichanthium sericeum, Pseudopogonatherum contortum 

and Chloris gaya11a. Ectrosia and Eriaclme were germinated at 30°C and the other 

species were germinated at 25°C. All seeds were germinated in the petri dishes under 

controlled conditions of moisture and temperature. Capped vertical bars represent 

standard error. 
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3.3.3.2.2 Time to initial germination (Tl) 

There was no significant effect of smoke on time to initial germination, nor was there a 

significant variation between species. The interaction of smoke treatment and species was 

also insignificant (Table 3.9). Chloris was the first species to commence germination, 

emerging in an average of 2.3 days for both smoked and unsmoked treatments. All other 

species commenced germination by three to four days for both treatments. 

Table 3.9 Analysis of variance testing the effect of smoke pre-treatment on time to 

initial germination (Tl) for mature seed of Ectrosia leporilla, Eriaclme sclmltzialla, 

Dichallthium sericeum, Pseudopogollatherum colltortum and Chloris gayalla, tested 

under laboratory conditions. R2 = 0.356 

Change d.f. s.s. m.s. v.r. p 

Smoke 1 1.20 1.20 2.77 0.112 

Species 4 3.47 0.87 2.00 0.133 

Smoke*species 4 0.133 0.03 0.08 0.988 

Residual 20 8.67 0.43 

Total 29 13.47 0.46 
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3.3.3.3 Mature seed germinated in soil

3.4.3.3.1 Total germination

The effect of smoke on seed that was germinated in soil was similar to that of the effect of 

smoke on seed that was germinated under laboratory conditions. That is, there was no 

significant overall effect of smoke on germination but there was a strong species by smoke 

interactive effect (PcO.OOl, Table 3.10), so that, again, the effect of treatment varied between 

species.

Table 3.10 Analysis of deviance testing the effect of smoke pre-treatment on 

germination of mature seed of Ectrosia leporina, Eriachne schultziana, Dichanthium 

sericeum, Pseudopogonatherum contortum and Chloris gayana that was sown in soil.

R2 = 0.733; ***P<0.001

Change d.f. deviance mean deviance deviance ratio P

Smoke 1 2.41 2.41 2.42 0.12

Species 4 77.28 19.32 19.32

Smoke*species 4 19.45 4.86 4.86

Residual 10 36.03 3.60

Total 19 135.19 7.11

germination
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For Ectrosia and Dichanthium, germination of smoked seed was higher than that of 

unsmoked seed but for Chloris germination was higher for unsmoked seed than for smoked 

seed. For Eriachne and Pseudopogonatherum germination was similar between smoke 

treatments. (Fig. 3.10). 
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Fig. 3.10 The effect of smoke on mean maximum germination mature seed of Ectrosia 

leporina, Eriachne sclzultziana, Dichanthium sericeum, Pseudopogonatherum contortum 

and Chloris gayana. After smoke treatment, seeds were germinated in moist soil in a 

shade house. Capped vertical bars represent standard error. 
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3.3.3.3.2 Time to initial germination (Tl)

Smoke treatment and the interaction between treatment and species did not significantly 

affect time to initial germination (Table 3.11). T l varied significantly only between species 

(P<0.001). It was most rapid in Dichanthium, Pseudopogonatherum  and Chloris averaging 

between three and four days across smoke treatment, and slowest in Ectrosia and Eriachne 

for which it averaged about five days for both treatments.

Table 3.11 Analysis o f variance testing the effect of smoke pre-treatment on time to 

initial germination (T l) o f mature seed of Ectrosia leporina, Eriachne schultziana, 

Dichanthium sericeum, Pseudopogonatherum contortum and Chloris gayana when sown  

in soil. R2= 0.836; ***P<0.001

Change d.f. S.S. m.s. v . r . P

Smoke 1 0.20 0.20 1.00 0.34

Species 4 19.7 4.92 24.63 ***

Species*smoke 4 1.30 0.32 1.63 0.24

Residual 10 2.00 0.20

Total 19 23.20 1.22
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3.3.4 Discussion 

Smoke-enhanced germination has recently received attention as a potential method to 

improve germination success both in the nursery and in the field. Studies in south-west 

Western Australia and South Africa have shown that smoke can increase germination of 

native species. Dixon et al. (1995) reported that 45 of 94 native Western Australian species 

representing a range of lifeforms had germination enhanced by smoke fumigation. Of the 45 

species, 23 had previously been very difficult to germinate. 

Some grass species have also been shown to respond positively to smoke treatment. One of 

two grass species, Neurachne alopercuriodea, tested by Dixon et al. (1995), had 

significantly higher germination with smoke treatment. Read and Bellairs (1999) found that 

smoke significantly increased germination in five of 20 Hunter Valley, NSW grass species. 

This included Dichanthium sericeum, for which there was a small increase in germination 

from 93% to 98%. Bellairs et al. (1999) found that smoke was an important environmental 

stimulus for breaking seed dormancy of many native grasses. Baxter and van Staden (1994) 

smoke-treated South African seed _of Themeda triandra Forssk., a perennial grass that is also 

native to tropical Australia including the Kakadu region in the Northern Territory (Brennan 

1996a). T. triandra has an eight month dormancy period after seed shed and dormancy in 

this trial was maintained by storing seeds in sealed containers at -15° C. Pre-treatment of 

dormant seed with plant-derived smoke and aqueous extracts of plant-derived smoke was 

effective in breaking dormancy. 

In contrast to the above studies, the grass species that were smoke pre-treated in this trial 

showed no germination response to the treatment. This may be an adaptation to conditions in 

the savannas. Fire frequency during the dry season is high in the Top End (Stocker and Mott 

I 981; Braithwaite and Estbergs 1985; Russell-Smith et al. 1997; Williams et al. 2002). If 

dormancy was broken by dry season fire, subsequent unseasonable rain may result in a mass 

germination event at a time when follow-up rains that are essential for seedling survival and 

growth are unlikely. 
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For all species except Chloris, germination was higher in laboratory-germinated seed than in 

soil germinated seed for both smoke treatments. (The effect of substrate on germination is 

investigated in section 3.5.) There was no smoke effect on soil germinated seed of Eriachne 

and Pseudopogonatherum. However, germination of smoked seed o f these species that was 

germinated in the laboratory was substantially higher than unsmoked seed germinated in the 

laboratory. The difference between laboratory and soil germinated smoked and unsmoked 

seed was similar for Dichanthium and Chloris. For Ectrosia, smoke enhanced germination 

under laboratory conditions whereas the opposite was true for seed germinated in soil. Thus, 

it is difficult to draw conclusions about the differential effect o f smoke and substrate except 

that germination is generally lower in soil than under laboratory conditions.

Although there was a strong interactive effect of smoke and species in both laboratory and 

soil trials, the results were not consistent between species. Dichanthium was the only species 

for which smoke treatment increased germination o f older seed under both laboratory and 

shade house conditions. Smoke treatment of Dichanthium  seed, therefore, may be warranted 

where preliminary tests show that germination of unsmoked seed lots is low. The value of 

smoking seeds to increase germination in any species would need to be weighed up against 

the additional costs involved with such a pre-treatment.
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that germination is generally lower in soil than under laboratory conditions. 

Although there was a strong interactive effect of smoke and species in both laboratory and 

soil trials, the results were not consistent between species. Dichanthium was the only species 

for which smoke treatment increased germination of older seed under both laboratory and 

shade house conditions. Smoke treatment of Dichanthium seed, therefore, may be warranted 

where preliminary tests show that germination of unsmoked seed lots is low. The value of 

smoking seeds to increase germination in any species would need to be weighed up against 

the additional costs involved with such a pre-treatment. 
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3.4 THE EFFECT OF DE-HUSKING 

3.4.1 Introduction 

In the dispersal units of grasses, the caryopsis is usually surrounded by ancillary structures -

a lemma and palea. In some cases, the dispersal unit is the whole spikelet, and is therefore 

still enclosed in the glumes. Removing these structures, particularly the palea and the lemma, 

(de-husking) has been shown to partially or completely break dormancy (e.g. Mott 1972, 

1978; Tothill 1977; Lodge and Whalley 1981; Groves et al. 1982; Maze et al. 1993), 

indicating that these structures have some control over dormancy (Baskin and Baskin 1998). 

If de-husking significantly increases germination, and thus improves establishment rate from 

direct seeding, such processing of seed may be a feasible and practicable pre-sowing 

treatment for some species and for some revegetation situations. 

The objective of this trial was to determine whether de-husking seed broke dormancy in 

dormant seed and increased germination in non-dormant seed and whether the effect of 

temperature on germination varied between husked and de-husked seed. 

3.4.2 Methods 

This trial involved Eriachne schultziana, Pseudopogonatherum contortum and Chloris 

gayana. Dichanthium sericeum was not included because seed was not available and 

Ectrosia leporina was not included because preliminary trials showed that dispersal units 

were too small and fragile to de-husk. 

Dispersal units of Eriachne, Pseudopogonatherum and Chloris were collected in May 1998 

and stored in paper bags under dark, dry conditions. At five months of age, three replicates 

of 20 dispersal units of each species that each contained a mature caryopsis were de-husked. 

For Eriachne, de-husking involved removing the palea and lemma. Eriachne dispersal units 

were de-husked by gently squeezing one end of the unit between two fingers until the 

caryopsis emerged from the other end. For Chloris, de-husking involved removing the sterile 
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floret, and the palea and lemma from the remaining presumed fertile floret. For 

Pseudopogonatherum, entire removal of these outer structures was not possible without 

risking damage to the seed and so only the awn was removed. However, in 

Pseudopogonatherum, the lemma is very small and does not enclose the caryopsis. 

Removing the awn, therefore, also removes the lemma.

The three de-husked replicates and three replicates each of 20 seeds of husked seed of each 

of the three species were germinated on filter paper in petri dishes on the thermogradient 

plate at constant temperatures from 20°C to 40°C at 5°C increments. As for all other trials, 

the individual “seed” unit contained a plump, mature caryopsis.

To determine whether the effect of de-husking varies with seed age, Eriachne seed was also 

germination tested at ten, fifteen and twenty months o f age. The five-month old Eriachne 

seed that was assessed against five-month old seed of other species in the trial described 

above, was also included here to compare the effect of de-husking on seed of different ages. 

The seeds used in this trial (5, 10, 15 and 20 months o f age) all belonged to the same cohort. 

The testing procedure was as described above.

3.4.2.1 Data analysed

For the trial that assessed the effect of de-husking o f five-month old seed Eriachne, 

Pseudopogonatherum  and Chloris, there were three species x treatment combinations 

(husked and de-husked) x three replicates x four temperatures. The Eriachne husked data 

was not included in the analysis because no germination occurred.

For the analyses that compared the effect of de-husking Eriachne, in seed aged 5, 10, 15 and 

20 months, the combinations o f treatment and temperature that were analysed are shown in 

Table 3.12. For some seed ages, temperature and treatment combinations data were either 

missing or no germination was recorded. For example, there was generally no germination at
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floret, and the palea and lemma from the remaining presumed fertile floret. For 

Pseudopogonatherum, entire removal of these outer structures was not possible without 

risking damage to the seed and so only the awn was removed. However, in 

Pseudopogonatherum, the lemma is very small and does not enclose the caryopsis. 

Removing the awn, therefore, also removes the lemma. 

The three de-husked replicates and three replicates each of 20 seeds of husked seed of each 

of the three species were germinated on filter paper in petri dishes on the thermogradient 

plate at constant temperatures from 20°C to 40°C at 5°C increments. As for all other trials, 

the individual "seed" unit contained a plump, mature caryopsis. 

To determine whether the effect of de-husking varies with seed age, Eriachne seed was also 

germination tested at ten, fifteen and twenty months of age. The five-month old Eriachne 

seed that was assessed against five-month old seed of other s-pecies in the trial described 

above, was also included here to compare the effect of de-husking on seed of different ages. 

The seeds used in this trial (5, IO, 15 and 20 months of age) all belonged to the same cohort. 

The testing procedure was as described above. 

3.4.2.1 Data analysed 

For the trial that assessed the effect of de-husking of five-month old seed Eriachne, 

Pseudopogonatherum and Chloris, there were three species x treatment combinations 

(husked and de-husked) x three replicates x four temperatures. The Eriachne husked data 

was not included in the analysis because no germination occurred. 

For the analyses that compared the effect of de-husking Eriachne, in seed aged 5, 10, 15 and 

20 months, the combinations of treatment and temperature that were analysed are shown in 

Table 3.12. For some seed ages, temperature and treatment combinations data were either 

missing or no germination was recorded. For example, there was generally no germination at 
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15°C or 40°C for either treatment, and no germination of five month old husked seed, so 

these data were excluded. 

Table 3.12 Seed age, treatment and temperature combinations that were included in 

analyses to test the effect of de-busking on germination of Eriaclme. H = with husks 

(intact dispersal units), de-h = de-husked (without husks), ng = no germination so no 

data to include in the analysis. 

Temp (°C) 5mo !Omo 15mo 20mo 5mo !Omo 15mo 20mo 
h h h h de-h de-h de-h de-h 

20 ng II II II II II II II 

25 ng II II II II II II II 

30 ng II II II II II II II 

35 ng II ng II II II II II 

3.4.3 Results 

3.4.3.1 Five month old seed of Eriachne, Pseudopogonatherum and Chloris 

3.4.3.1.1 Total germination 

Overall, de-husking had a significant effect on the germination of five-month old seed 

(P<0.001). However, the effect varied between species (P<0.001), temperatures (P<0.001) 

and with the interaction of those factors (P<0.01, Table 3.13). 

De-husking was very effective in breaking dormancy in Eriachne. De-husked seed 

germinated at all temperatures and reached a maximum germination of 90% at 25°C. Husked 

seed failed to germinate at any temperature (Fig. 3.11). 

Germination of Chloris was close to zero at all temperatures and regardless of de-husking 

treatment (Fig. 3.11). Clearly, de-husking was not effective in breaking dormancy in this 

species. For Pseudopogonatherum, there was no clear effect of de-husking. At 20°C and 

25°C, de-husked seed had higher germination than husked seed but at 30°C and 35°C, de-
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husked seed had lower germination than husked seed (Fig. 3.11). Pseudopogonatherum  

reached a maximum germination of about 60% for de-husked seed and 52% for husked seed. 

The successful germination of Pseudopogonatherum  demonstrates that, unlike Eriachne and 

Chloris, five-month old seed was not dormant.

Table 3.13 Analysis of deviance testing the effect of de-husking on total germination of 

5 month old seed of Eriachne scliultziana, Pseudopogonatherum contortum and Chloris 

gayana. Seed was germinated across a range of constant temperatures from 20°C to 

35°C. R2 = 0.918; **P<0.01, ***P<0.001

Change d.f. Deviance Mean

deviance

Deviance

ratio

P

Species 2 242.48 121.24 109.72

De-husking 1 68.66 68.66 - 62.14

Temperature 4 229.72 57.43 51.97

Species*de-husking 2 159.55 79.77 72.19 % sfc

Species*temperature 8 26.09 3.62 2.95

De-Husking*temperature 4 8.86 2.21 2.00 0.105

Species*de- 8 8.87 1.10 1.00 0.443

husking*temperature

Residual 60 66.30 1.10

Total 89 810.54 9.10
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husked seed had lower germination than husked seed (Fig. 3.11 ). Pseudopogonatherum 

reached a maximum germination of about 60% for de-husked seed and 52% for husked seed. 

The successful germination of Pseudopogonatherum demonstrates that, unlike Eriachne and 

Chloris, five-month old seed was not dormant. 

Table 3.13 Analysis of deviance testing the effect of de-husking on total germination of 

5 month old seed of Eriachne sclmltziana, Pseudopogonatherum contortum and Chloris 

gaya,ia. Seed was germinated across a range of constant temperatures from 20°C to 

35°C. R2 = 0.918; **P<0.01, ***P<0.001 

Change d.f. Deviance Mean Deviance p 

deviance ratio 

Species 2 242.48 121.24 109.72 *** 

De-husking 68.66 68.66. 62.14 *** 

Temperature 4 229.72 57.43 51.97 *** 

Species*de-husking 2 159.55 79.77 72.19 *** 

Species *temperature 8 26.09 3.62 2.95 ** 

De-husking*temperature 4 8.86 2.21 2.00 0.105 

Species*de- 8 8.87 1.10 1.00 0.443 

husking*temperature 

Residual 60 66.30 1.10 

Total 89 810.54 9.10 
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Fig. 3.11 Mean germination of husked (intact dispersal units; solid symbols and lines) 

and de-husked (open symbols and broken lines) five month old seed of two native 

species, Eriaclme and Pseudopogonatherum and the introduced Chloris over a range of 

constant temperatures. Pseudopogonatherum seed was de-awned (which removed the 

lemma) rather than de-husked, due to small seed size. 

3.4.3. 1 .2 Time to initial ge!mination (Tl) 

Temperature (P<0.001) and the interaction between temperature and species (P<0.01) 

significantly affected Tl (Table 3.14). De-husked Eriachne seed germinated most rapidly 

emerging within 2 days at 30°C and 35°C (Fig. 3.12). Pseudopogonatherum de-husked seed 

(actually de-awned) generally commenced germination earlier than awned seed. Tl was 

markedly slower at 20°c than at other temperatures for each species by treatment 

combination. 
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Table 3.14 Analysis of variance testing the effect of de-husking on time to initial 

germination (Tl) of 5 month old seed of Eriachne schultziana and Pseudopogonatherum 

contortum. Seeds were germinated at constant temperatures from 20°C to 40°C. R2 = 

0.869; **P<0.01, ***P<0.001

Source of variation d.f. S.S. m .s . v.r. P

Species*de-husking 2 3.722 1.861 1.31 0.28

Temperature 3 182.08 60.69 42.84

Species*de- 6 39.83 6.63 4.69 **

husking*temperature

Residual 24 34.00 1.41

Total 35 259.63 1 .2 2

Fig. 3.12 The effect of de-husking Eriachne and de-awing Pseudopogonatherum on time 

to initial germination (Tl) for 5 month old “seed” germinated at constant 

temperatures from 20°C to 35°C. There was insufficient germination at 40°C to include 

data and virtually no germination of husked Eriachne or of Chloris for either 

treatment.

germination
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Table 3.14 Analysis of variance testing the effect of de-husking on time to initial 

germination (Tl) of 5 month old seed of Eriaclme schultziana and Pseudopogonatherum 

contortum. Seeds were germinated at constant temperatures from 20°C to 40°C. R2 = 

0.86~; **P<0.01, ***P<0.001 

Source of variation 

Species*de-husking 

Temperature 

Species*de-

husking*temperature 

Residual 

Total 

C 
.Q 
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C ·e ... 
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Cl I 

~ 
6 J 

I 
:§ 4 ~ 
0 

I -ga, i 
cu 2 ~ 
C I 

! 
0 I 

20 

d.f. 

2 

3 

6 

24 

35 

s.s. m.s. 

3.722 1.861 

182.08 60.69 

39.83 6.63 

34.00 1.41 

259.63 1.22 
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Temperature (°C) 

v.r. p 

1.31 0.28 

42.84 *** 

4.69 ** 

Fig. 3.12 The effect of de-husking Eriachne and de-awing Pseudopogonatherum on time 

to initial germination (Tl) for 5 month old "seed" germinated at constant 

temperatures from 20°C to 35°C. There was insufficient germination at 40°C to include 

data and virtually no germination of husked Eriachne or of Chloris for either 

treatment. 

Chapter 3 Dormancy and 
germination 



uoi}vuniua8 pm Houvuuoci g xaidvif^

(per ■£ -§y) poos PI° Hiuoui OZ JOJ %s% pub (aer£ 's!J) poos Pio qjuom 

£1 JOJ %08 ‘(QCl'E ’̂H) Poos pio qjuoui oi Joj %£L sum uoijBuiuuaS uinuiixBp\[ -soSb paas 

ip? joj 30SZ-OZ Jb JsaqSiq ApBjauaS sbm uoijcuiuuaQ 'J0£Z Puv OZ W uoijEuiuuaS pasnajaap 

jnq 30gg pun o£ jb uoijnuiuuaS pasBajaui Supjsnq-ap ‘sa§B paas jaqjo jy ■(>£ I '£ 'Siq) 30££ 

jb uoijBuiuuaS %06 poqaBaj qaiqM ‘paas pjo qjuoui-aAij jo AauBuuop aqojq Suiqsnq-aQ

•sjuauijBajj

jaqjo aqj oj SuipjoaaB pauBA joajja aqj asnBaaq a§B paas oj uoijBpj ui juauijBajj Aue jo jaajja 

juajsisuoo ou sbm aaaqj ‘ajnjBjaduiaj puB juauijBajj Suiqsnq-ap ‘a§B jo sajqBUBA (BnpiAipui 

aqj Aq pajaajja A[§uojis sbm uoijBuiauaS jspqM ‘snqx '(£0'0>d) JubdijiuSis osp sbm 

ajnjBjaduiaj puB juaiujnajj ‘a§B jo uoijaruajui ABM-aajqj aqx '(l00'0>d) ojnjBjadiuaj qjiM pus 

(l00'0>d) JuauijBajj qjiM ApuBaijiuSis pauBA saSn paas juajajjip jb uoijBuiuuaQ ‘(SI'S oiqBX 

‘100'0>CD ojnjBjaduiaj puB juauijBajj ‘a§B paas qjiM Aijubdijiuois pauBA uoijBuiuuaS |Bjox

uopnuniuaS ]mo[ / 'Z'£'P’£ 

sifjuoui OZ °t £ paSv paas auqaeug Z’£'P’£

m

144 

3.4.3.2 Eriachne seed aged 5 to 20 months 

3.4.3.2.1 Total germination 

Total germination varied significantly with seed age, treatment and temperature (p<0.001, 

Table 3.15). Germination at different seed ages varied significantly with treatment (P<0.00 I) 

and with temperature (P<0.001). The three-way interaction of age, treatment and temperature 

was also significant (P<0.05). Thus, whilst germination was strongly effected by the 

individual variables of age, de-husking treatment and temperature, there was no consistent 

effect of any treatment in relation to seed age because the effect varied according to the other 

treatments. 

De-husking broke dormancy of five-month old seed, which reached 90% germination at 

25°C (Fig. 3.13a). At other seed ages, de-husking increased germination at 30 and 35°C but 

decreased germination at 20 and 25°C. Germination was generally highest at 20-25°C for all 

seed ages. Maximum germination was 73% for 10 month old seed (Fig. 3.13b ), 80% for 15 

month old seed (Fig. 3.13c) and 85_% for 20 month old seed (Fig. 3. 13d). 
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Table 3.15 Analysis of deviance testing the effect of de-husking on germination o f 5 ,10 , 

15 and 20 month old seed of Eriachne schultziana. Seed was germinated across a range 

of constant temperatures from 20°C to 40°C. R2 = 0.932; *P<0.05, ***P<0.001

Change d.f. Deviance Mean deviance Deviance ratio P

Age 3 48.99 16.33 13.60  ̂̂  ̂

De-husking 1 62.59 62.59 52.12 ***

Temperature 5 535.98 107.19 89.25 ***

Age*de-husking 3 203.56 67.85 56.49

Age*Temp 13 188.31 14.48 12.06

De-husking*Temp 5 187.96 37.59 31.30

Age*de- 13 32.16 2.47 2.06 *

husking*Temp

Residual 76 91.28 1.20

Total 119 1350.86 11.35
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Fig. 3.13 Mean maximum germination of husked (intact dispersal units) and de-husked 

Eriachne (palea and lemma removed) "seed" at (a) five, (b) ten (c) fifteen and (d) 

twenty months of age across a range of constant temperatures. There was no 

germination of 5 month old seed at 15°C and no germination of 5 month old husked 

seed at any temperature. Capped bars indicate standard error. 
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3.4.3.2.2 Time to initial germination (Tl)

For data analysis, age x treatment combinations with sufficient data were selected and set up 

as a single factor - Trtage. These selections were then combined with four temperatures for 

which there were sufficient data -  20, 25, 30 and 35°C. Trtage was broken up into a number 

of components -  A g e5 (5  month vs 10, 15, 20 months, pooled), Temp*Age5; Age5*Age 

(10vsl5vs20 month old seed); Age5*Treat (husked and de-husked for 10, 15 and 20 month 

old seed), and Age5*Age*Treat (the three way interaction). Husked seed at age 5 months 

and temperatures 15°C and 40°C were omitted due to low or zero mean germination.

Tl varied significantly with temperature (P<0.001) and with combinations of de-husking 

treatment and seed age (P<0.001). The interaction o f temperature and treatment/age 

combination was also significant (P<0.001, Table 3.16). T l was also significantly different 

in 5 month old seed compared with other seed o f other ages due to slow germination at 20°C 

(Fig. 3.14).
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Table 3.16 Analysis of variance testing the effect of de-husking on time to initial 

germination (Tl) of Eriaclme sclmltziana Seed ages were 5, 10, 15 and 20 months, 

temperatures were 20°C to 40°C in s0c increments. R2 = 0.366; *P<0.05, ***P<0.001 

Explanation of variables: 

(I) Age5 = Age 5 months vs ages 10, 15, 20 months, pooled; 

(2) Temp* Age 5; 

(3) Age5*age = Age 10 vs Age 15 vs Age 20; 

(4) Age5*de-husk = husked vs de-husked for ages 10, 15, 20; 

(5) Temp*Age5*Age = Temp x (1) interaction; 

(6) Temp*Age5*de-husk = Temp x (2) interaction; Age5*Age*de-husk = (1) x (2) 

interaction; 

(7) Age5*Age*de-husk 

(8) Temp* Age5* Age*de-husk = Temp x (I) x (2) interaction 

R2 = 0.366; *P<0.05, ***P<0.001 

Source of variation d.f. s.s. 

(I) Temp 3 78.54 

(2) Age5 1 0.56 

(3) Temp*Age5 3 90.62 

(4) Age5*age 2 18.51 

(5) Age5*de-husk 1 123.55 

(6) Temp*Age5*Age 6 9.56 

(7) Temp* Age5*de-husk 3 5.62 

(8) Age5* Age*de-husk 2 36.66 

(9) Temp* Age5* Age*de-husk 5(1) 14.711 

Residual 45(3) 54.67 

Total 71(4) 422.99 
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m.s. v.r. p 

26.18 21.55 *** 

0.56 0.46 0.50 

30.20 24.87 *** 

9.25 7.62 *** 
123.55 101.71 *** 

1.59 1.31 0.271 

1.88 1.54 0.216 

18.33 15.09 *** 

2.94 2.42 * 
1.21 



T l was again slowest at 20°C and similar at 25, 30 and 35°C (Fig. 3.13). De-husked seed 

germinated more rapidly than husked seed and 15 month old seed germinated most rapidly 

across all temperatures, taking from one to two days to emerge. Husked 20 month old seed 

was generally the slowest to germinate, taking six to eight days across temperatures. De

husked five month old seed however, took over 10 days to germinate at 20°C.

149

Fig. 3.14 Time to initial (Tl) germination in husked (intact dispersal units) and de

husked (palea and lemma removed) Eriachne seed aged 5, 10, 15 and 20 months 

germinated at constant temperatures. No germination occurred in husked 5 month old 

seed.
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3.4.4 Discussion 

De-husking five-month old seed of Eriachne was very effective in breaking dormancy. Other 

studies have reported similar results. Lodge and Whalley (1981) found that de-husking 

increased total germination in only two of eight north-eastern New South Wales grasses. One 

of those two grasses was Dichanthium sericewn. Naked caryopses of native grasses from 

south-west Queensland generally have higher germination than intact diaspores (Silcock 

1992). Read and Bellairs (1999) found that de-husking increased germination in eight of 20 

grasses native to New South Wales. Silcock et al. (1990) germination tested a range of native 

pasture species and concluded that seed coat induced-dormancy is common in some species, 

especially in fresh seed of grasses. 

Whilst increased germination may be a desirable result, removing husks may stimulate 

germination of de-husked seed to occur at lower soil moisture than husked seed. These 

moisture levels may be insufficient to sustain growth and so germinants may subsequently 

die. Consequently, seed supply will be exhausted and reseeding will be required. 

Removing awns may have negative effects on germination. Awns in some species are 

hygroscopically active, that is, they rotate in response to changes in moisture, including 

atmospheric humidity. Such species include those that were used in this trial, Dichanthium, 

Eriachne and Pseudopogonatherum. The screwing action of the awn enables the seed to 

burrow into favourable microsites finding protection from extreme temperature, moisture 

stress and fire (Mott 1978), and increases the chance that a seed will land in an upright 

position (Peart 1981 ). Burial in the soil is especially important for the survival of grass seeds 

in fire-prone habitats. Without awns, seeds may germinate where they fall. Seed of Themeda 

triandra reach a mean soil depth of 11mm via action of their hygroscopic awn (Lock and 

Milburn 1971). At this depth, temperature from fire reaches about I00°C for only a few 

minutes, a temperature and duration that most seeds can tolerate (Bentley and Fenner 1958). 
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Another advantage o f leaving seed enclosed in protective structures is that storage life may 

be increased (Whalley 1987). Naked dispersal units of Dichanthium collected from western 

New South Wales had low survival after 12 months (Grice et al. 1995) but Dichanthium  in 

this current study was stored as intact dispersal units and had a viable seed life of about 30 

months.

Increasing storage life means that the frequency of grass seed collection could be reduced, 

and that non-dormant seed can be stored and be available at call. Therefore, seed should be 

stored in an unprocessed condition. In the event that de-husking proves to substantially 

increase germination and to be cost effective, and has practical applications, processing 

should occur just prior to direct seeding.

For large quantities of grass seed, such as would be used for revegetation, it may not be 

practicable or necessary to remove seed from the floret. The time and cost of processing 

seeds would have to be weighed up against the benefits in terms of increased field 

germination. For small seeded species, such as Ectrosia, it would not be possible to process 

to pure seed using current technology and would probably result in a large proportion of 

seeds being damaged and rendered unviable.

De-husking seed, therefore, has limited applications due to increased reliability on post

germination moisture and the costs associated with the processing. It may, however, be 

useful for small-scale revegetation areas where water supply can be guaranteed such as by 

irrigation or where only young seed is available. It may also be warranted when only small 

quantities of seed are available and sowing rate has to be decreased so that the required area 

can be seeded. Extracting maximum germination would be more critical under these 

circumstances.
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3.5 THE EFFECT OF SUBSTRATE 

3.5.1 Introduction 

Germination under laboratory conditions of controlled moisture and temperature may not 

accurately reflect field germination where temperature and moisture conditions are variable. 

Klink ( 1996) found that germination of Echinolaena inflexa, Schizachyrium tenerum and 

Andropogon gayanus was at least 60% less in soil than in the laboratory. The objective of 

this trial was therefore to compare germination success between seeds that were tested under 

laboratory conditions with those that were tested in soil. If germination is markedly different 

between the two substrates, then sowing rates may need to be adjusted to compensate. 

3.5.2 Methods 

Twenty month old seed of Ectrosia leporina, Eriachne schu/tziana, Dichanthium sericeum 

and Chloris gayana, all collected locally in 1997, and nine month old seed of 

Pseudopogonatherum contortum (the oldest seed available at the time of testing), collected 

in 1998, were used in the trial. Previous germination tests showed that seed of these ages was 

non-dormant. Seedling trays were filled to a depth of about 4.5cm with lateritic yellow earth 

material that was collected from a disturbed area at the proposed field trial site on the Ranger 

lease near Jabiru. 

Trays were placed on a bench in a shade house under 60% shade cloth. Two replicates of 

fifty dispersal units of each species were randomly allocated to a half tray, thus there were 

ten trays, each with one species in each half of the tray. Dispersal units were separated so 

that they were evenly spaced, and trays were labelled denoting the species sown. Dispersal 

units were placed so that the end containing the seed was perpendicular to, or at least in 

contact with, the soil surface. They were then covered with a loose layer of soil about l-2mm 

deep. 
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The trial commenced on January 10 1999. Trays were watered only by rainfall through 60% 

shade cloth. Trays were checked daily for the first two weeks and then weekly until the final 

observation on March 21, 1999. At each observation, newly emerged seedlings were counted 

and individuals were marked with a wooden toothpick to prevent double counting.

The laboratory trial where germination o f the same five species was conducted under 

controlled conditions o f moisture and temperature commenced at the same time as the shade 

house trial but, as for all other laboratory germination tests in this Chapter, ran for only 14 

days. Three replicates of thirty seeds of each species were germinated in petri dishes at pre

determined optimal germination temperatures for each species (see page 92). For Ectrosia 

and Eriachne this was 30°C and for Dichanthium, Pseudopogonatherum  and Chloris it was 

25°C
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3.5.3 Results 

3.5.3.1 Maximum germination 

Germination varied significantly between species (P<0.001), between substrates (paper or 

soil) (P<0.0 I), and with the interaction between species and substrate (P<0.001, Table 3.17). 

Germination was similar between substrates for all species except Ectrosia for which 

germination on soil was substantially reduced - only 13% compared to 62% on paper (Fig. 

3.15). These values also represent the lowest and highest germination achieved by all species 

in this trial. On both substrates, Eriachne germination reached about 31 %, 

Pseudopogonatherum about 50%, and Chloris about 24%. Dichanthium had higher 

germination in soil (32%) compared with 22% on paper (Fig. 3.15). 
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Table 3.17 Analysis of deviance testing the effect of substrate on maximum 

germination of five species, Ectrosia, Eriachne, Dichanthium, Pseudopogonatherum and 

Chloris. Substrate was paper (laboratory) or soil (shadehouse). R2 = 0.701; **P<0.01, 

***P<0.001

Change d.f. Deviance Mean deviance Deviance ratio P

Species 4 34.89 8.72 8.72

Substrate 1 8.60 8.60 8.60 **

Species*substrate 4 46.40 11.60 11.60 ***

Residual 15 38.30 2.55

Total 24 128.20 5.34

80
■ lab I 
□ soil

IB
Ectrosia Eriachne Dichanthium P. contortum Chloris

Fig. 3.15 Mean maximum germination of four native grasses and the introduced 

Chloris gayana on filter paper in petri dishes and with controlled temperature and 

moisture, and in soil under shadehouse conditions and watered only by rainfall. 

Capped vertical bars indicate standard error.
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3.5.3.2 Time to initial germination (Tl) 

Tl varied significantly between species (P<0.001, Table 3.18). Tl also varied between 

substrates (P<0.001 ), and with the interaction between species and substrate (P<0.0 1 ). 

Table 3.18 Analysis of variance testing the effect of substrate on time to initial 

germination (Tl) of five species, Ectrosia, Eriachne, Dichanthium, Pseudopogonatherum 

and Chloris. Substrate was paper (laboratory) and soil (shadehouse). R2 = 0.794; 

**P<0.001, ***P<0.001 

Source of variation d.f. s.s. m.s. v.r. p 

Species 4 6.00 1.50 7.94 *** 

Substrate 1 8.17 8.17 43.24 *** 

Species *substrate 4 5.00 1.25 6.62 ** 

Residual 15 2.83 0.19 

Total 24 22.00 0.91 

Germination was invariably more rapid on paper than in soil (Fig. 3.16). As for all previous 

germination trials, Chloris was the first species to germinate on both substrates. Tl for both 

paper and soil substrates was between two and three days. Germination of Ectrosia and 

Eriachne was markedly slower in soil, taking about five days to emerge, than in the 

laboratory test where germination occurred within three days. Emergence of Dichanthium 

and Pseudopogonatherum was similar between substrates at an average of 3 to3.5 days. 
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Fig. 3.16 Time (days) to initial germination (Tl) of four native grasses and the 

introduced Chloris gayana on filter paper in petri dishes under controlled conditions of 

temperature and moisture, and in soil under shadehouse conditions and watered only 

by rainfall. Capped vertical bars indicate standard error.
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Fig. 3.16 Time (days) to initial germination (Tl) of four native grasses and the 

introduced Chloris gayana on filter paper in petri dishes under controlled conditions of 

temperature and moisture, and in soil under shadehouse conditions and watered only 

by rainfall. Capped vertical bars indicate standard error. 
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3.5.4 Discussion 

Germination percentages were similar between seeds that were sown in soil and those that 

were germinated in the laboratory for all species except Ectrosia, for which germination was 

significantly lower in soil. 

Germination success may be even lower in field situations where there are a suite of factors 

that may impede germination and emergence. Such factors would include intra- and inter

specific competition with herbaceous (e.g. Lauenroth and Aguilera 1998) and woody species 

(e.g. Wilson 1998), and seed harvesting by animals such as ants (e.g. Andersen and Lonsdale 

1990; Capon and O'Connor 1990), and rodents (e.g. Capon and O'Connor 1990). Site 

specific factors such as edaphic characteristics and terrain may also have a marked effect. 

Presence of litter and canopy shading would be of less importance in revegetation situations 

where land has been cleared such as minesites or roadsides. Soil moisture is a major 

influence on germination and can interact with temperature in controlling germination of 

grass seeds (ltabari et al. 1993). Successful establishment of grass seedlings in the field may 

also depend on their ability to penetrate the crust on the soil surface (Baskin and Baskin 

1998). The lower rate of germination on soil compared with paper, especially apparent in 

Ectrosia and Eriachne, would increase the likelihood of seed harvesting, either by 

vertebrates or invertebrates. 

Given the lower germination percentages and rates on soil compared with paper, field 

sowing rates for this species may need to be adjusted accordingly. For example, if the aim is 

to achieve a similar field germination success for Ectrosia and Eriachne, given that 

germination of Ectrosia in soil was about half that of Eriachne, about twice as many seeds of 

Ectrosia would need to be sown. Therefore, accounting for the large diff~nce in individual 

seed weight between the two species (Chapter 2, Table 2.1), the seed weight of Ectrosia at 

10kg ha-1 would be 5kg and for Eriachne it would be 22.5kg (also refer to Chapter 4, Table 

4.2). The sowing rate of dispersal units should also be adjusted for seed purity, which can 

vary substantially between species and seed lots (Chapter 2, Table 2.2). 
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3.6 CONCLUSIONS AND GENERAL DISCUSSION

Germination varied between species in all trials. There were, however, consistent patterns 

across trials, with respect to the interactions between seed age and temperature.

1. All native species had higher maximum, final germination than Chloris.

2. Chloris was the quickest to germinate, and Ectrosia and Eriachne were the slowest to 

germinate.

3. A large proportion o f germinable seed of all species germinated within seven days.

4. The optimum temperature for germination varied between species. Ectrosia and 

Eriachne had higher germination at 30-35°C, Dichanthium and Chloris had higher 

germination at 20-30°C, and Pseudopogonatherum  had higher germination at 20-25°C.

5. Germination was low at 15°C and 40°C for all species in most trials.

6. The perennial species were dormant for at least six months while the annual 

Pseudopogonatherum  was dormant for only two months.

7. The seed age at which maximum germination occurred varied between species. For 

Ectrosia it was at 27 months, for Eriachne it was at 31 months, for Dichanthium it was 

at 17 months, for Pseudopogonatherum maximum germination occurred in 12 month old 

seed and for Chloris, it occurred in 14 month old seed.

Attempts to break dormancy using heat and smoke were largely ineffective. The only seed 

pre-treatment that broke dormancy was de-husking o f young (five month) seed of Eriachne. 

However, this technique would have limited application due to the difficulties and costs 

associated with processing and the requirement for consistently moist soil to ensure survival 

of germinants of this species.

Rather, time was the overriding dormancy breaking factor. When laboratory seeds were 

tested under controlled conditions of temperature and moisture in petri dishes, dormancy of 

the perennial species was broken from about six to eight months. The annual native grass,

Pseudopogonatherum, however, showed strong germination from about three months of age.
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All trials showed that germination varied significantly between species. Previous studies on 

some of these species by other researchers have also demonstrated that there is also 

considerable variation within species (as illustrated in Table 3.19). Variation in maximum 

germination results between tests for the same species would be due to a range of factors that 

affect germinability including time of collection, seed age, seed storage conditions, 

geographic location of seed collection, environmental conditions at seed collection site and 

testing procedure. Thus, it is often difficult to make consistent comparisons between studies. 

The trials in the current study showed that germinability for a given species varied between 

seed lots that had been collected from the same area but in different years. For example, the 

age temperature trials (section 3.2) indicated that a large proportion of the seed of the local 

perennials, Ectrosia and Eriachne, which was collected in 1996, was dormant for up to seven 

months. The smoke trial, (section 3.3), however, showed that germination of untreated 

Eriachne seed collected in 1997 achieved a maximum germination of 53% at age seven 

months. Thus, 1997 seed had a shorter dormancy period than 1996 seed. For the de-husking 

trial (section 3.4), seed of Eriachf!e was collected in 1998. This seed lot showed higher 

germination at all ages tested (10, 15 and 20 months) than seed of those ages which was 

collected in 1996. Further, the 1998 seed had substantially higher germination at 20 and 

25°C (also the range at which maximum germination occurred) than the 1996 seed. Seed 

collected in 1996 had maximum germination at 30-35°C. Such variations in germination 

requirements within and between species highlights the importance of conducting tests prior 

to sowing to collate accurate information on germination behaviour in order to maximise the 

success of revegetation programs. 
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Table 3.19 Germination percentages reported by other authors for Chloris, 

Dichanthium  and Ectrosia.

De-husked? = Y (yes) or N(no) indicates whether or not palea and lemma were 

removed from the dispersal unit;

Purity? = Y(yes) or N(no) indicates whether or not dispersal units were selected for 

having a plump caryopses and only these units were used in germination tests; 

opt temp = optimum germination temperature,

M ax GP = maximum germination percentage; Na* seed was tested only at one 

temperature;

Species Author D e

husked?

Purity? Opt temp M ax GP

Chloris gayana Watt & Whalley (1982) Y Y 20-30 64

Chloris Huxtable (1996) ? ? 20-30 56

Chloris Mclvor & Howden 

(2000)

N N Na* 35

Chloris this study N . Y 25-35 36

Dichanthium

sericeum

Watt & Whalley (1982) Y Y 20-30 92

Dichanthium Silcock et al. (1990) N N Na* 48

Dichanthium Grice e ta l. (1995) Y Y 20-35 26

Dichanthium Huxtable (1996) ? ? 20-30 88

Dichanthium Lodge & Whalley 

(1981)

Y Y 25 31

Dichanthium this study N Y 20-25 65

Ectrosia leporina G ray(1994) N N 25-30 45

Ectrosia leporina this study N Y 30-35 83

Eriachne

schultziana

this study N Y 30-35 67

Eriachne

schultziana

this study Y Y 25 90

Pseudopogonath 

erum contortum

this study N Y 20-25 77

Annual Sorghum 

spp

Andrew and Mott 

(1983)

N Y 25-35 95

germination
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3.6.1 Summary 

The native species have substantially higher potential as revegetation species than Chloris 

due to significantly higher final germination percentages, higher germination across a 

broader range of temperatures, and sustained high germination after being stored for several 

years. Thus, provided that seeds are stored for a sufficient period to break dormancy (about 

eight months), the germination characteristics of the native species would not be an 

impediment to successful revegetation. 

Ectrosia and Eriachne represented the best value in terms of long term germinability. They 

maintained germination in excess of 40% for about four years. In five-year old seed these 

species still maintained over 20% germination. 

Seedling establishment and growth, and resilience to disturbance are other critical factors 

that will determine the potential of species for revegetation. Chapter 4, therefore, further 

investigates the revegetation potential of the selected species by evaluating field 

establishment, growth and resilience. 
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4.1 INTRODUCTION

Areas that are devoid o f vegetation are susceptible to erosion. In the tropics, this is 

especially so because of the high erosivity of the rainfall, hence it is desirable to rapidly 

establish cover at the beginning o f the wet season to minimise loss o f soil, water and 

nutrients. Introduced grasses have often been used for this purpose in both tropical and 

temperate situations, and are sometimes known as ‘cover crops’. Introduced grasses, rather 

than native grasses, have filled the role as ‘cover crops’ because they are perceived to 

establish more rapidly and have higher productivity, methods o f establishment are generally 

known and seed is commercially available (Hinz 1990).

Whilst established savanna vegetation is well adapted to the Top End climate, species that 

are sown in revegetation areas often need to be able to establish, grow and persist under 

extreme conditions, which on revegetation sites typically include:

• nutrient poor and structurally disturbed substrates;

•  exposure of seedlings and the soil surface to extreme conditions of temperature and light 

due to the absence of overstorey vegetation;

•  irregular rainfall in the period soon after germination when seedlings are particularly 

vulnerable to water stress.

In order for species and ecosystems to persist, they must be tolerant o f difficult edaphic 

conditions and resilient to stress and disturbance. Resilience refers to the degree, manner, 

and pace of change or recovery o f initial structure and function in an ecosystem following 

disturbance (Westman 1986). Grime (1979) defined disturbance as the mechanisms that 

limit plant biomass by causing its partial or total destruction. In northern Australia, plant 

communities need to be resilient to regular natural disturbances such as prolonged dry 

periods, fire and grazing.
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The introduced grass species that have been commonly used in mine revegetation in the Top 

End, and until recently at Ranger Mine near Jabiru, are the perennial grasses Chloris gayana 

(Rhodes grass) and Cynodon dactylon (couch grass) (Armstrong 1986). The introduced 

legume Stylosanthes hamata (verano) was also used. These three species were introduced as 

improved pasture plants from South Africa, though Chloris was naturalised to that country 

from India. Chloris gayana has been used extensively for revegetation of mined and 

degraded lands primarily because it is known to establish successfully and seed is relatively 

cheap. It is also used in mine revegetation in central Queensland (Grigg 1995; Harwood et 

al. 1999). 

Using grasses that are proven colonisers minimises the risk of revegetation failure and 

consequently leaving bare ground susceptible to erosion. This is especially important in 

tropical regions where highly seasonal rainfall restricts the optimum sowing period of about 

a month, generally during late December to late January. 

The use of introduced species for revegetation, however, is in direct conflict with the 

rehabilitation objective of creating self-sustaining native ecosystems at Ranger Mine. Ranger 

is committed to rehabilitating disturbed areas to stable ecosystems that support vegetation 

communities with values that are comparable with those existing in the surrounding Kakadu 

National Park. Ultimately, the Ranger Project Area will be incorporated into the Park. 
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This study used two separate trials, single and mixed species, to evaluate the revegetation 

performance of selected species o f native and introduced grasses.

The objectives of the single species trial were to:

• evaluate and compare establishment and growth of four native grass species and one 

introduced grass species grown from seed as monocultures, and the effect of fertiliser 

applied at the time o f sowing;

• assess the vegetative growth, recovery and persistence of these species after dry season 

drought; and

• evaluate which grass or grasses demonstrated the most potential as a revegetation 

species for bare areas.

Using untried grasses involves an element of risk. Sowing native grasses, which may take 

longer to establish than introduced grasses, with Chloris, which has been shown to establish 

rapidly, could reduce this risk. The objectives o f the mixed species trial, therefore, were to:

• evaluate and compare the establishment of four native grass species where each was 

sown in a two species mix with Chloris, and the effect of fertiliser applied at the time of 

sowing; and

•  evaluate which grass or combination of grasses was most successful for revegetation of 

bare areas.

The recovery of the mixed species plots from the first dry season after sowing could not be 

monitored because plots were burnt by unplanned wildfire towards the end o f that seasons 

(refer to section 4.2.6 and Chapter 5).
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4.1.1 Species 

The species used were three native perennial grasses, Ectrosia leporina (Hare's foot grass), 

Eriachne schultziana and Dichanthium sericeum (Queensland bluegrass), one native annual 

grass, Pseudopogonatherum contortum (black top), and the introduced perennial species, 

Chloris gayana (rhodes grass). A description of these species has been given in Chapter 2. 

The local native species were selected because they have been observed to commonly grow 

along roadsides in the region where soils are shallow and gravelly. Thus, they have 

demonstrated an ability to colonise and persist where edaphic conditions are difficult. 

Ectrosia, Eriachne and Dichanthium are perennial species that will establish persistent root 

systems and foliage cover. Therefore, they will provide more consistent soil protection by 

binding the soil and thereby increasing soil stability (Tongway and Ludwig 1997). Further, 

once established the requirement for additional seeding is unlikely because perennial species 

can reproduce from perennial shoots as well as from seed. 

Pseudopogonatherum is an annuaLspecies. As such it is likely to establish more rapidly than 

perennial species and so may be useful in combination with perennials that are slower to 

establish but provide longer term cover. Annual species regenerate from a soil seed bank 

while perennial species may regenerate from both seed bank, and from basal shoots from an 

established tussock or hummock. Having a mix of annual and perennial grasses in the seed 

mix, therefore, means there is more than one regeneration mechanism. This provides 

insurance against recovery from disturbances that affect annual and perennial grasses 

differentially. 

Dichanthium is not as common in the region as Ectrosia, Eriachne and 

Pseudopogonatherum, and has not been observed to voluntarily colonise disturbed areas. 

This species was selected because the seed is available commercially and so it would 

provide a useful back up should seed supply of local grass species be less than demand. 

Chloris has been the main grass species used for rapid revegetation at Ranger Mine since the 
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early 1980’s (Armstrong 1986), and was included in these trials so that its performance 

could be compared with that o f the selected native species.

4.1.2 Study site

The trial area was located on ERA’s Ranger Mine lease, near Jabiru in the Northern 

Territory (Fig. 1.1). It was once a light industrial area (LIA) with various industries that 

serviced the old Jabim East Township and the mine. Jabiru East, which once housed about 

2000 people, was dismantled in 1988 and the area was progressively rehabilitated until 1990.

The industrial area was decommissioned and revegetated in 1988. The soil was deep ripped 

and sown with a mix of native shrubs and trees and exotic understorey species such as 

Cynodon dactylon (couch grass), Stylosanthes hainata (stylo) and Chloris gayana (Rhodes 

grass). Revegetation across most of the area had been relatively unsuccessful due to low  

diversity o f species and vegetation structure, and to weed invasion. Weed species that 

subsequently invaded the area include Hyptis suaveolens (Horehound) and Pennisetum  

pedicellatum  (annual Pennisetum).

The area where the trial was conducted (Fig. 4.1) was once a road and so the soil was more 

compacted than on surrounding areas. Revegetation along this strip was less successful than 

across the rest of the LIA, presumably due to soil compaction. Prior to preparing the area for 

the trial, there was a low cover of grasses including couch grass and Eragrostis species, and 

a few acacia shrubs. Ectrosia leporina, one of the subject grass species, was also present at 

low density. The trial area had a slight western slope of about 2%.
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Fig. 4.1 Aerial photo taken in June 2000 showing the location of trial site on the 

Ranger Lease, near Jabiru, NT. The area inside the large rectangle was the 

light industrial area (LIA) which was decommissioned in 1988. The area inside 

the small rectangle is where the trial plots were located. RP1 is retention pond 1 

and Pit 3 is the operational open cut mine.
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4.1.3 Rainfall

From 1971/72 to 1999/00 the average annual rainfall Jabiru airstrip was 1498mm (Fig. 4.2). 

For each of the three years of interest for the trial, 1997/98, 1998/99 and 1999/00, rainfall 

was above average. The pattern of rainfall in these years varied. The first rains in the 

1997/98 wet season did not occur until mid-October while for 1998/99 and 1999/00 wet 

seasons the first rains occurred in mid-September. The peak rainfall month also varied 

between years, being January in 1997/98, February in 1999/00 and March in 1998/99. Total 

rainfall was lowest in 1997/98 with 1667mm and highest in 1999/00 with 1966mm. Total 

rainfall in 1998/99 was 1891mm.

169

Fig. 4.2 Average monthly rainfall (mm) at Jabiru airstrip for 1971/00 (annual average 

= 1498mm), 1997/98 (total = 1667mm), 1998/99 (total = 1891 mm) and 1999/00 (total = 

1966mm). Perennial grasses in the single species trial were sown in January 1998 and 

Pseudopogonatherum plots in the single species trial, and the mixed species trial were 

sown in December 1998/99.
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4.1.4 Soil and vegetation 

The soil was a yellow lateritic earth the distribution of which was consistent across the study 

area. Such yellow earths are common across the Top End. A random selection of four soil 

samples for chemical analysis at the beginning of the trial showed that pH ranged from 5.7 

to 7.1 and averaged 6.6 (Table 4.1). Calcium ranged from 0.147 to 0.196 cmol(+) kg"1), 

magnesium ranged from 1.97 to 2.79 cmol(+) kg·1 (average was about 2.41 cmol(+) kg"1
) 

and organic carbon ranged from 0.29% to 0.31 % and averaged 0.30%. Na and K levels were 

below detectable limits of about 0.1 and 0.06 cmol(+) kg·1 respectively. The Ca content of 

the soil at the trial site was lower than for both waste rock material (0.53 cmol(+) kg"1
) and 

natural soils at Ranger (0.30) (Ashwath et al. 1994b). Mg at the trial site was lower than for 

waste rock (8.2) but higher than for natural soils (0.50 cmol( +) kg"1 
). 

Table 4.1 Means and standard errors for pH, and concentrations of Na, K, Ca and Mg 

of waste rock, natural soils and soil at the trial sites (4 samples). Waste rock and 

natural soil analyses (number of samples unknown) was by Ashwath et al. 1994b. 

-

Variable Waste rock Natural soils Trial site soils 

pH 6.7 ±0.1 5.82±0.04 6.6 

Na (cmol(+) kg·1 0.04 ±0.00 0.08 ±0.00 <0.1 

K (cmol(+) kg·1 0.11 ±0.00 0.08±0.00 <0.06 

Ca (cmol(+) kg"1 0.53 ±0.04 0.30±0.06 0.159 

Mg (cmol(+) kg"1 8.2±0.39 0.50±0.05 2.41 

The vegetation surrounding the trial area was Eucalyptus tetrodonta dominated woodland 

with a grassy understorey dominated by annual sorghum, Sorghum brachypodum. A mix of 

perennial grasses and forbs was also present. The mid-story consisted of shrubs and small 

trees and was dominated by Acacia species. This vegetation type is typical of the area 

(Wilson et al. 1990). 
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4.2 METHODS

4.2.1 Plots

The soil surface at the trial site was ripped to a depth o f about 30-40cm over an area o f about 

3000m2 (about 0.3 ha), in November 1997. The distance from the centre of one rip line to the 

centre o f the next was about lm. Ripping is standard rehabilitation practice to create a seed 

bed where seeds can make good contact with the soil, reduce compaction so that roots can 

more easily penetrate and improve aeration and water infiltration (Bell 1996). Ripping also 

creates a system of banks and troughs that are important to minimise erosion, capture and 

retain run off and promote infiltration and nutrient cycling capacity (Tongway et al. 1997).

The ripped ground was then manually levelled, the hard ground between rip lines was dug 

with a mattock and large soil clods were broken up to create a consistent soil surface. Thus, 

no rip lines occurred within a plot. Drainage lines were installed as necessary at the top of 

and along the sides of the plot area (see Plate 4.2a on page 192).

Plots of sides 2m were set up on the day prior to sowing. Where possible, individual plots 

were separated by a space of at least lm . Diagonal comers of each plot were marked with a 

metal stake driven into the ground. About four weeks prior to seeding o f each of the two 

trials, the trial area was treated with the herbicide Glyphosate 360, mixed at 80 (water):l 

(Glyphosate), to kill established herbaceous plants. Immediately prior to sowing, plots and 

surrounds were hand-weeded. The soil surface o f each plot was lightly scarified with a metal 

rake to provide microsites for seed deposition and to improve water infiltration. In large- 

scale revegetation, seed is sown immediately after ripping or, in the case of mechanical 

seeders, simultaneously.

4.2.2 Treatments

The five species in the single species trial were sown with and without fertiliser. For each 

combination of species and fertiliser there were three replicates giving a total of 30 plots. 

For the mixed species trial there were three replicates o f four species mixes (Chloris sown
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with one of four native grasses), sown with and without fertiliser giving a total of 24 plots. 

On the day of sowing of each trial, treatments were randomly assigned to plots and 

permanently marked by a tag hung from a metal stake. 

4.2.3 Sowing rate 

As native grasses have not previously been used for revegetation at Ranger, nothing was 

known about sowing rate and the production of a satisfactory vegetative cover. Sowing rates 

for C. gayana vary widely in the literature. For example, Grigg et al. (2000) suggested that 

typical rates for pasture rehabilitation in Queensland are 20-30kg ha·1 of each of Chloris and 

Cenchrus ciliaris. Harwood et al. (1999) used a rate of 4kg ha·1 for each of seven introduced 

grasses, including Chloris, which were evaluated for revegetation of areas disturbed by coal 

mining in Central Queensland. At Ranger Mine, Chloris is usually sown at a rate of 3 to 5kg 

ha·1
• The sowing rate chosen for the single and mixed species trials was based on 10kg ha·1 

of Chloris. This increased rate was used to ensure that grasses established at a density that 

could be measured. The sowing rate of the other four species was adjusted according to their 

seed weight relative to the weight of rhodes grass seeds (Table 4.2). The term "seed" used 

here actually refers to the dispersal unit and so sowing rate indicates the weight of dispersal 

units sown rather than the weight of pure "seed". Table 4.2 shows the rate at which pure 

"seed" was sown after accounting for the proportion of dispersal units that did not contain 

mature caryopsis (refer also to Chapter 2, section 2.4.1.1). 

Calibration of the sowing rate for each species depended on the weight of individual 

dispersal units. The method for determining these weights was also detailed in section 

2.4.1.1. To achieve the same sowing rate of dispersal units for each species in terms of 

number of units (10,000), the sowing weight of Eriachne, for example, needed to be about 

25 times that of Ectrosia, 2.5 times that of Pseudopogonatherum and 6.25 times that of 

Chloris (Table 4.2). 
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The sowing rate o f dispersal units for each species in the mixed species trial was half of that 

used in the single species trial. Thus, rates were based on 5kg ha' 1 o f Chloris so the total rate 

for each plot was equivalent to 10kg ha'1 of Chloris. After adjusting these rates for purity, 

i.e. the proportion of dispersal units that contained a mature caryopsis (refer to Chapter 2), 

the number of seeds sown per plot varied from 1,500 for Pseudopogonatherum  to 6,000 for 

Eriachne (Table 4.2).

Table 4.2 Weight of individual dispersal units, weight of sown dispersal units per 4 m2 

plot based on 10kg ha'1 of Chloris, actual sowing weight per plot in the single species 

trial, and approximate number of seeds per plot after accounting for seed purity. The 

sowing rate per plot for each species was halved for the mixed species trial.

Ectrosia Eriachne Dichanthium Pseudopogonatherum Chloris

Dispersal unit weight 

(mg)

0.10 2.50 0.90 0.96 0.40

Dispersal unit weight 

per plot based on 

10kg ha'1 of Rhodes 

grass (g)

1 25 9 9.6 4

Actual sowing rate of 

dispersal units (kg 

ha'1)

2.5 62.5 22.5 24 10

Number of dispersal 

units sown per plot

10,000 10,000 10,000 10,000 10,000

Sowing rate of pure 

“seed” (kg ha'1)

0.5 37.5 9.8 3.6 2.2

Number of “seeds” 

sown per plot

5,000 6,000 4,380 1,500 2,220
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plot based on 10kg ha"1 of Chloris, actual sowing weight per plot in the single species 

trial, and approximate number of seeds per plot after accounting for seed purity. The 

sowing rate per plot for each species was halved for the mixed species trial. 

Ectrosia Eriachne Dichanthium Pseudopogonatherum Chloris 

Dispersal unit weight 0.10 2.50 0.90 0.96 0.40 

(mg) -

Dispersal unit weight 1 25 9 9.6 4 

per plot based on 

10kg ha·1 of Rhodes 

grass (g) 

Actual sowing rate of 2.5 62.5 22.5 24 10 

dispersal units (kg 

ha-1
) 

Number of dispersal 10,000 10,000 10,000 10,000 10,000 

units sown per plot 

Sowing rate of pure 0.5 37.5 9.8 3.6 2.2 

"seed" (kg ha"1
) 

Number of "seeds" 5,000 6,000 4,380 1,500 2,220 

sown per plot 
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4.2.4 Sowing 

Revegetation work at Ranger generally occurs during late December to 'mid-January. At this 

stage of the wet season, rainfall is usually reliable so that the probability of successful 

seedling establishment, especially from direct seeding, is increased and it is not necessary to 

provide artificial watering. The plots in each trial received only natural rainfall. 

In the single species trial, Ectrosia, Eriachne, Dichanthium and Chloris were all sown in 

early January 1998. Seed of Pseudopogonatherwn was not available at that time so this 

species was sown at the beginning of the following wet season in late December 1998, at the 

same time as the mixed species trial. 

To improve ease and evenness of spread of the seed mix and to decrease the likelihood of 

seed being blown away, damp sterilised rice husks were mixed with the weighed seed for 

each plot prior to sowing. Other researchers have mixed other material such as sawdust and 

sand for this purpose (QDPI pers. comm.). The volume of rice husks was about 580g per 

plot. The rice husk and seed mix was hand spread as evenly as possible over the entire area 

of each plot. 

4.2.5 Fertiliser 

Fertiliser is often used in revegetation to accelerate growth and to establish rapid cover, 

which is particularly important to stabilise otherwise bare soil in the early stages of 

rehabilitation. To assess the effect of fertiliser on the establishment and growth of each of 

the four native grasses and Chloris, fertiliser was applied to half the plots in both the single 

and mixed species trials. The fertiliser was Tropigro 10-97 higli analysis fertiliser, the 

chemical composition of which is shown in Table 4.3. The application rate was 300kg ha·1
, 

which equated to 120g per 4m2 plot. This is the usual rate that is applied to introduced 

grasses at Ranger and to other pasture grasses in improved pasture in the NT (Cameron and 

Ross 1996). Fertiliser was applied once by hand directly after seed sowing and spread evenly 

across allocated plots immediately after sowing. 
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Table 4.3 Composition of ‘Tropigro’ 10-97 high analysis fertiliser applied in one 

application to half the plots in the single and m ixed species trials.

Element Proportion (%)

N as ammonium 10.32 WW

P as H20 soluble 7.14

P as citrate soluble 0.46

P as citrate insoluble 1.4

Total P 9

K 7

S as sulfates 11.2

Zn as Zn sulfate 0.06

Ca as superphosphate 8

4.2.6 Monitoring

For the single species trial, plots were measured for overlapping foliage cover by point 

quadrats at 7, 10, 13, 16 and 21 weeks after sowing. At 21 weeks, all species had seeded and 

monitoring was suspended until the beginning o f the following wet season. At this time, late 

December 1998, (48 weeks after sowing), grasses had recommenced vegetative growth. 

Plots were assessed at three weekly intervals in the second season o f monitoring and the last 

monitoring occurred in late May 1999,72 weeks after sowing.

Pseudopogonatherum  plots and the mixed species plots, which were sown in December 

1998, were monitored at similar intervals to the perennial grass plots, 6, 10, 13, 16, 19 and 

22 weeks after sowing. It was not possible to monitor these plots in the second wet season 

(1999/00) because plots were burnt by unplanned fire in September 1999. The effect of the 

fire is discussed in Chapter 5

At each monitoring time of each trial, foliage cover was assessed in the central lm 2 o f each 

4m2 plot. Cover was measured using a point quadrat frame (Plate 4.1a). This consisted of ten 

vertical 3mm metal rods, spaced at 10cm intervals and held in place by insertion through
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two parallel and horizontal lm metal tubes (Plate 4.lb). The quadrat was moved at 10cm 

intervals across the central lm2 of a plot so that in total 100 points were scored for presence 

of vegetation that was rooted within the area. The equation for % cover = number of points 

where species present x 100/ number of points assessed. 

Technically, cover measured by point quadrats is referred to as "overlapping cover" because 

at any one point, foliage from more than one species may be present, and thus "overlap" in 

vertical profile (Kent and Coker 1992). However, for simplicity, such cover will be hereafter 

referred to as "cover" 
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Plate 4.1a The point quadrat frame used to measure foliage cover in the central lm2 of 

each 4m2 quadrat.

Plate 4.1b The point quadrat frame had ten vertical rods spaced at 10cm intervals.
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Plate 4.la The point quadrat frame used to measure foliage cover in the central lm2 of 

each 4m2 quadrat. 

Plate 4.lb The point quadrat frame had ten vertical rods spaced at 10cm intervals. 
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4.2.7 Data analysis

4.2.7.1 Data types and transformation

Species were combined into categories o f (a) the cover of the individual grass species that 

was sown, (b) total cover (grasses plus forbs and sedges), and (c) total forbs. Percentage 

cover data often require transformation to fit the assumptions o f both ANOVA and 

regression (Sokal and Rohlf 1995). Thus, prior to analysis, data were log transformed to 

determine whether the linear relationship between time, treatment and percentage cover was 

improved. Transformation improved the relationship only for total forbs in the single species 

trial and so transformed data were analysed for this group only, otherwise untransformed 

data were analysed. All data presented graphically in this chapter will be untransformed data.

4.2.7.2 Single species trial

The single perennial species trial design consisted of 24 randomised plots (four species each 

with two fertiliser treatments and three replicates o f each combination of species and 

treatment). In addition to these 24 plots, there were plots associated with the fifth species in 

the single species trial, the annual native Pseudopogonatherum. These were analysed 

separately, however, because they were sown the wet season after the perennial species and 

had fewer monitoring times.

Species and fertiliser were treated as fixed factors. Change over time in the abundance of 

various species and plant groups was analysed by split plot ANOVA, with time as the split 

factor. In such analyses, there are two main strata o f variation. The first, the “plot” stratum, 

accounts for spatial variation. The second, the “time” stratum, accounts for the temporal 

variation, including the treatment x time interactions (Sokal and Rohlf 1995).

The Split Plot ANOVA is one o f several techniques that can be used to analyse data that 

have been collected from the same sample units (e.g. plots) over time. It is therefore one 

form of repeated measures analysis and can reasonably be referred to technically as “split
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plot in time repeated measures analysis of variance". In split plot over time ANOV As, the 

spatial stratum and the temporal stratum are separated - i.e. split. The spatial stratum tests 

main treatment effects, with all time effects pooled. The time stratum, with all interactions 

with main effects, is a separate stratum in the AVOVA output. The treatment x time 

interactions are then the main indicators of differential treatment effects over time. 

The Split Plot ANOV A approach is useful, and computationally relatively simple, where the 

separation between sampling times is reasonably large, e.g. weeks, months, or years, as is 

typical of field trials. Under these circumstances, the degree of temporal auto-correlation is 

relatively low, and the assumptions regarding autocorrelation are relatively robust. This is in 

contrast to shorter-term experiments such as laboratory trials over days or weeks, where the 

inter-sampling times are minutes, hours or days (Diggle et al. 1994 ). 

The effects of sown grass species (3 degrees of freedom (d.f.) for perennials) was tested 

against the residual term in the plot stratum. The effects of time (5 sample periods for 

perennial species and 6 sample pt:riods for Pseudopogonatherum) and the fertiliser x time 

interactions were tested against the residual in the time stratum of the ANOV A. Interactions 

between the "fertiliser" and "time" terms with "species" factors were also tested for within 

the time stratum of the ANOV A. Response variables for these analyses were the categories 

described above. 

To evaluate recovery from the dry season drought, differences between the first and second 

wet seasons, (i.e. between weeks, or sampling times, within each wet season) were tested. 

The "week" sums of squares was divided into a wet season component (with 1 d.f.) and a 

between-weeks-within-wet seasons. Interactions between these "wet" and "week" terms with 

"species" were also tested for within the time stratum of the ANOV A. The software package 

used for statistical analysis was GenStat (2000). 
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4.2.7.2 Mixed species trial

The mixed species trial design consisted of 24 randomised plots (four mixes, fertilised or 

unfertilised and three replicates of each combination). As for the single species trials, species 

mix (included in the analysis o f Chloris cover only), and fertiliser were treated as fixed 

factors. Change over time (6 sample periods) in the cover of sown grass species and other 

plant groups were analysed by split plot ANOVA, with time as the split factor. The fertiliser 

x time interactions were tested for in the time stratum of the ANOVA. As for the single 

species trial, response variables for these analyses included the cover of individual sown 

grass species, total cover (grasses + forbs + sedges), and total forb cover.
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4.3 RESULTS 

4.3.1 Single species trial 

4.3.1.1 Grass cover and tile effect of fertiliser in tile initial wet season 

Fertiliser treatment did not significantly affect the establishment and growth of the three 

native perennial grasses, Ectrosia, Eriachne and Dichanthium (P>0.05, Table 4.4a). It did, 

however, have a significant effect on the cover of the introduced perennial, Chloris (P<0.01, 

Table 4.4a), and the cover of the native annual Pseudopogonatherum (P<0.001, Table 4.4b). 

Both species had significantly higher cover in fertilised plots although the size of the effect 

was greater in Chloris. The maximum mean cover over time of Chloris in fertilised plots was 

46% compared with 26% in unfertilised plots and the maximum mean cover of 

Pseudopogonatherum in fertilised plots was 24% compared with 17% in unfertilised plots. 

Cover significantly changed over time during seven to twenty one weeks after sowing for 

Ectrosia, Eriachne and Chloris (Table 4.4a). The cover of both Ectrosia and Chloris 

decreased (P<0.001), and cover. of Eriachne increased (P<0.001). The time x fertiliser 

interaction was also significant for Chloris due the decreasing effect of fertiliser over time 

(P<0.05). 

The highest value mean foliage cover recorded for each sown grass species was 61 % for 

Ectrosia with fertiliser (Fig. 4.4a), 41 % for Eriachne without fertiliser (Fig. 4.5b ), 17% for 

Dichanthium with fertiliser (Fig. 4.4c), 24% for Pseudopogonatherum with fertiliser (Fig. 

4.5d) and 46% for Chloris with fertiliser (Fig. 4.4e). Given that there was a low cover of 

Ectrosia present at the site prior to herbicide and weeding treatments, it is possible that some 

Ectrosia germination occurred from a residual soil seed bank. However, observations of 

cleared areas surrounding the sown plots revealed that there were only scattered plants of 

this species, and that in fact some of these plants may have resulted from drift of seed sown 

on the plots. It was concluded that emergence of Ectrosia from seed that was present before 

sowing would not have confounded the results of the trial. 
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Table 4.4a P values from split-plot analyses of variance for the effect of fertiliser on 

cover of sown perennial grasses, Ectrosia leporina, Eriachne schultziana, Dichanthium 

sericeum and Chloris gayana, in the first wet season after sowing. Species were 

monitored 5 times from 7 to 21 weeks after sowing.

*P <0.05, **P<0.01, ***p< 0.001

Source of variation d.f. Ectrosia Eriachne Dichanthium Chloris

Plot stratum

Fertiliser 1 0.174 0.530 0.394 **

Residual 4

Time stratum

Time 4 *** 0.284

Time*fertiliser 4 0.310 0.610 0.653 *

Residual 16

Total 29

Table 4.4b P values from split-plot analysis of variance for the effect of fertiliser on 

cover of the annual native grass Pseudopogonatherum, which was sown in December 

1998 and was monitored from 6 to 22 weeks after sowing. ***P< 0.001;

Source of variation d.f. Pseudopogonatherum

Plot stratum

Fertiliser 1

Time stratum

Time 5 0.138

Time*fertiliser 5 0.300

Residual 22

Total 33
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Fig. 4.4 Mean percent foliage cover of four native species, (a) Ectrosia leporina, (b) 

Eriachne schultziana, (c) Dichanthium sericeum (d) Pseudopogonatherum contortam, 

and (e) the introduced Chloris gayana in fertilised and unfertilised plots. 

Pseudopogonatherum was monitored for only one wet and other species were monitored 

for two wet seasons. 
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4.3.1.2 Grass cover across fertiliser treatments

Combining fertiliser treatments (Fig. 4.5), Ectrosia achieved the highest mean foliage cover 

with nearly 50% cover towards the end of the first wet season. Eriachne achieved its 

maximum cover at the start o f the second wet season reaching 36%while Dichanthium 

managed a maximum cover o f only 11% at the end of the first wet season. 

Pseudopogonatherum, monitored for only one wet season, reached a mean maximum of 

about 17% cover towards the end o f the season. Chloris attained its maximum cover earlier 

than the native species reaching 36% cover at the beginning of the wet season rather than 

towards the end o f the season. Unlike the native species, cover of Chloris dramatically 

decreased after this time while cover o f the native species was generally constant or 

increased during the first wet season.

184

Fig. 4.5 Mean % foliage cover (pooling fertiliser treatments) of four native grasses and 

the introduced Chloris where each was sown in single species plots. The first wet season 

was in 1997/98 and the second wet season was in 1998/99. Cover data for 

Pseudopogonatherum (x symbol) was available for one wet season only (1998/99, see 

explanation in text).
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4.3.1.3 Recovery of grasses after dry season 

The cover of all grasses was significantly different in the second wet season compared with 

the first wet season (Table 4.5) but the direction of that change varied between species (Fig. 

4.4; Table 4.6). Ectrosia (P<0.001), Dichanthium (P<0.01) and Chloris (P<0.001) all had 

significantly less cover while Eriachne had significantly higher cover (P<0.001) in the 

second wet season. Ectrosia recovered to 50% of maximum first wet season cover in the 

second wet season. Eriachne cover in the second wet season increased by over 50% from 

levels in the first wet season. Chloris and Dichanthium did not recover from the dry season 

and their maximum covers in the second wet season were less than 5% of their respective 

pre-dry season values. Maximum average cover for these species in the second wet season 

was less than 10%. It would appear unlikely that populations of these two species would 

persist through another dry season. Ectrosia and Eriachne increased in cover at weeks 60 to 

63, the period that seasonally coincided with weeks 10-13 in the previous wet season when 

they reached maximum cover (Fig.4.4 a, b ). Thus,· for the native species, fertiliser did not 

increase the ability of the species to persist and maintain cover in the second wet season, that 

is, the wet season following establishment. 

For the native species, there was no significant difference in the effect of fertiliser in the first 

wet season compared with the second wet season (wet * fertiliser; P>0.05). For the 

introduced Chloris, the effect of fertiliser on cover was significant during the first wet season 

(P<0.001, Table 4.3a), but in the second wet season fertiliser had significantly less effect 

(P<0.05, Table 4.5). Thus, fertiliser had a positive effect on growth in the first wet season 

only. 
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Table 4.5 P values from split-plot analyses of variance for cover of sown perennial 

grasses, Ectrosia leporiita, Eriachne schultziana, Dichanthium sericeum and Chloris 

gayana, in the first wet season compared with second wet season, indicating the effect of

the intervening dry season on foliage cover. *P<0.05, **P<0, 01, ***p<0>001

Source of variation d.f. Ectrosia Eriachne Dichanthium Chloris

Plot stratum

Fertiliser 1 0.288 0.065 0.593 *

Residual 4

Time stratum

Wet 1 sfes&Hc *** ** ***

Wet*time 10 0.265

Wet*fertiliser 1 0.618 * 0.060

Wet*time*fertiliser 10 0.685 0.975 0.825 **

Residual 44

Total 71

Table 4.6 Mean maximum % cover (+ standard error) of native perennial grasses and 

Chloris (sown with or without fertiliser) during the first wet season (WS1,1997/98) and 

during the second wet season ,(WS2,1998/99).

Ectrosia 

WS1 WS2

Eriachne 

WS1 WS2

Dichanthium 

WS1 WS2

Chloris 

WS1 WS2

Unfertilised 38±0.7 19±2.3 24+5.8 41±6.3 9±4.0 5±1.7 26±4.61 4±0.0

Fertilised 61±2.3 32±0.0 21±4 32±7.5 17±8.7 9±1.1 46±0.58 5+0.0

Chapter 4 Establishment, growth and resilience

186 

Table 4.5 P values from split-plot analyses of variance for cover of sown perennial 

grasses, Ectrosia leporina, Eriaclme · schultziana, Dichanthium sericeum and Chloris 

gayana, in the first wet season compared with second wet season, indicating the effect of 

the intervening d~y season on foliage cover. *P<0.05, **P<0.01, ***P<0.001 

Source of variation d.f. Ectrosia Eriachne Dichanthium Chloris 

Plot stratum 

Fertiliser 1 0.288 0.065 0.593 * 

Residual 4 

Time stratum 

Wet 1 *** *** ** *** 

Wet*time 10 *** *** 0.265 *** 

Wet*f ertiliser 1 0.618 * 0.060 *** 

Wet*time*fertiliser 10 0.685 0.975 0.825 ** 

Residual 44 

Total 71 

Table 4.6 Mean maximum % cover G: standard error) of native perennial grasses and 

Chloris (sown with or without fertiliser) during the first wet season (WSl, 1997/98) and 

during the second wet season .(WS2, 1998/99). 

Ectrosia Eriachne Dichanthium Chloris 

WSl WS2 WSl WS2 WSl WS2 WSl WS2 

Unfertilised 38±0,7 19±2.3 24+5.8 41±6.3 9±4.0 5±1.7 26±4,61 4±0,0 

Fertilised 61±2,3 32±0.0 21±4 32±7,5 17±8,7 9±1.1 46±0,58 5±0,0 

Chapter 4 Establishment, growth and resilience 



aauaipsau puv i{}awj8 ‘ntauajsijqotsj p Jdjdmjj

■p9AIJ JJOqS SBM J3SI[IJJ3J JO J33JJ3 aqj JBqj pajB3ipUI (l00‘0>d) J3A03 [BJOJ JOJ UOIJOBJ3JUI 

J3SIJIJJ3J 3UIIJ JUBOIJluSlS 3l[X ‘X[aAIJ33ds3J ofop pUB %£ OJ p3SB3J33p pBl[ JI UOSB3S 

J3M 3i[j jo pus 3i[j Xq jnq sjojd pasqijjaj ui %[7£ puB sjo[d pasqijjajun ui %'[ [ sbm jsaoo qjoj 

‘[_ JJ33M jy ‘UOSB3S 3qj J3AO p3SB3J03p ‘JSBJJU03 UI ‘SqJOg '(ZZ UOSB3S 3qj JO pU3 3qj

jb sjO[d pasqijjajun pire p3S[[[jJ3j qjoq ui %09 jnoqB oj (£ qaaA\) uosbss aqj jo SuiuuiSaq aqj 

jb sjo[d pasqijjaj ui %$p puB sjo[d pasqijjajun ui %6£ uiojj uosbbs jom aqj qSnojqj pasnajaui 

J3AOO [BJOJ, '(I00'0>d) 3lU9 J9AO XfJUBOIJluSlS paiJBA J3AOD qJOJ [BJOJ pUB J3A00 [BJOĴ

•(B9'j7 -§y) sjuauijBajj

jasqijjaj uaaMjaq JBpuqs sbm jbaoo qjoj ‘vtsoujoj qjiM umos sjojd jog ‘saiaads asoqj qjiM 

umos sjO[d pasipjjsjun qjiM paJBduioa (a ‘p ‘a lq<)'p -s§ig) suojqj puB wtuaqtvuoSodopnasj 

‘auqovuj ‘uiniipuoijjiQ qjiM umos ojom jBqj sjojd pasqijjaj ui JaqSiq XqBijuBjsqns sbm 

JI ■(£0’0>d) uoijaBjajui jasqijjaj * saiaads jusayiuSis aqj Xq pajnaipui sb sassBjg [Biuuajad 

juajajjip qjiM umos ojom juqj sjojd uaaMjaq Xyireayiugis paiJBA joaoo qjog '(9’P §Fd q̂‘BZ.'t7 

3[qux ‘[00’0>d) uosuas jaM jsjij aqj Suunp sjojd pasqijjajun ui UBqj jaqSiq XpuBayiuSis sbm 

sjojd pasqijjaj ui jsaoo qjoj jbjoj pus (sqjoj + saSpas + sassBjg) jaAoa aAijBjaSaA [bjoj uuapv

auo uosvas jaM jaAO uaAoa quof puv uaAoa jvjoj PT£'P

181

187 

4.3.1.4 Total cover a11dforb cover over wet season 011e 

Mean total vegetative cover (grasses+ sedges + forbs) and total forb cover in fertilised plots 

was significantly higher than in unfertilised plots during the first wet season (P<0.001, Table 

4.7a,b; Fig. 4.6). Forb cover varied significantly between plots that were sown with different 

perennial grasses as indicated by the significant species * fertiliser interaction (P<0.05). It 

was substantially higher in fertilised plots that were sown with Dichanthium, Eriachne, 

Pseudopogonatherum and Chloris (Figs. 4.6b, c, d, e) compared with unfertilised plots sown 

with those species. For plots sown with Ectrosia, forb cover was similar between fertiliser 

treatments (Fig. 4.6a). 

Total cover and total forb cover varied significantly over time (P<0.001). Total cover 

increased through the wet season from 29% in unfertilised plots and 48% in fertilised plots at 

the beginning of the season (week 7) to about 60% in both fertilised and unfertilised plots at 

the end of the season (week 22). Forbs, in contrast, decreased over the season. At week 7, 

forb cover was q % in unfertilised_ plots and 24% in fertilised plots but by the end of the wet 

season it had decreased to 2% and 4% respectively. The significant time * fertiliser 

interaction for total cover (P<0.001) indicated that the effect of fertiliser was short lived. 
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Table 4.7a P values from split-plot analysis of variance for total cover of all species 

(grasses + forbs + sedges) and cover of all forbs in all fertilised and unfertilised plots 

where four different perennial grasses, Ectrosia leporina, Eriachne schultziana, 

Dichanthium sericeum and Chloris gayana, were sown (species variable). Monitoring 

times were from ten to 21 weeks after sowing of grass seed and application of fertiliser. 

* P<0.05, P<0.001

Source of variation d.f. Total cover Total forbs

Plot stratum

Species 4 0.180 *

Fertiliser 1

Species*fertiliser 4 0.228 *

Residual 4

Time stratum

Time 4 *** ***

Time*species 16 0.064 0.429

Time*fertiliser 4 *** 0.063

Time*species*fertiliser 16 0*842 0.073

Residual 16

Total 69

Table 4.7b P values from analysis of variance for total cover and total forb cover in 

fertilised and unfertilised plots where the annual Pseudopogonatherum contortum was 

sown. Monitoring times occurred from six to 22 weeks after sowing of grass seed and 

application of fertiliser. * P<0.05, ***P<0.001

Source of variation d.f. Total cover Total forb cover

Time 5 *

Fertiliser 1 ***

Time*fertiliser 5 *** *

Residual 22

Total 33
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At the peak cover period in the first wet season, forbs accounted for an average of about 60% 

of total cover in unfertilised plots and 75% of total cover in fertilised plots. Forb cover varied 

between plots sown with different grass species (Fig. 4.6) being highest in Dichanthium plots 

and lowest in Ectrosia plots. Forb cover consisted mainly of native annual species, which 

accounted for over 95% of total forb cover. Annual forbs established rapidly, and by 10 

weeks many fertilised plots had over 45% cover of these species. However, they also 

decreased rapidly so that by 16 weeks after the start of the trial, forb cover was less than half 

what it was at 10 weeks. In unfertilised plots, native forb cover rarely exceeded 20%. 

The dominant forb in the first wet season was Mollugo pentaphylla, and Desmodium brownii 

and Euphorbia hirta, which is a non-native species that is common on disturbed sites, were 

also frequent. Other forb species that were recorded were Alysicarpus vagina/is (buffalo 

clover) and Stylosanthes hamata (Verano), both of which are introduced fodder species that 

are common across the tropics (Dunlop et al. 1995). These species have the potential to 

persist and thus become weed problems. 

4.3.1.5 Total cover and forb cover over the first and second wet seasons 

The effect of fertiliser on total cover and forb cover was not significant (P>0.05, Table 4.8). 

Total cover and forb cover, varied significantly between wet seasons (P<0.001) with cover 

being less in the second wet season. The time, wet season and fertiliser interactions were 

generally significant. Change in cover over weeks within each wet season varied 

significantly for both total cover and forb cover (wet * time, P<0.001). The interaction 

between wet season and fertiliser treatment was also significant (P<0.001). For both groups, 

cover was higher in fertilised plots in the first wet season but higher in unfertilised plots in 

the second wet season (Fig. 4.6). For forbs, the difference in cover between fertilised and 

unfertilised plots in the second wet season was relatively small. Total cover was more 

consistent during the second wet season than during the first wet season as the effect of 

fertiliser diminished (wet* time * fertiliser; P<0.01). 
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The abundance and cover o f annual forbs decreased dramatically in the second wet season 

and this was primarily due to a decrease in the dominant forb species, Mollugo pentaphylla. 

This cover o f species peaked at 23% in fertilised plots and averaged 10% cover in those plots 

over the first wet season. In the second wet season, M. pentaphylla had a maximum cover of 

only 1.3% in fertilised plots and an average less than 0.5% cover over the wet season.

Plate 4 shows the plots at the time o f sowing early in the wet season (a), at the end o f the 

following dry season (b), and at the beginning of the second wet dry season after sowing (c).

Table 4.8 Analyses o f variance testing the effect of fertiliser and time -  the first wet 

season (10-21 weeks) against the second wet season (49-72 weeks) on total cover and 

total forbs in plots that were sown with one of four perennial grass species, Ectrosia 

leporina, Eriachne schultziana, Dichanthium sericeum or Chloris gayana. *P <0.05, 

**P<0.01, ***P< 0.001

Source o f variation d.f. Total cover Total forbs

Plot stratum

Fertiliser 1 0.218 0.078

Residual 26

Tim e stratum

Wet 1 ***

Wet*time 10 ***

Wet*fertiliser 1 *** ***

Wet*time*fertiliser 10 ** 0.084

Residual 286

Total 335
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only 1.3% in fertilised plots and an average less than 0.5% cover over the wet season. 

Plate 4 shows the plots at the time of sowing early in the wet season (a), at the end of the 

following dry season (b), and at the beginning of the second wet dry season after sowing (c). 

Table 4.8 Analyses of variance testing the effect of fertiliser and time - the first wet 

season (10-21 weeks) against the second wet season (49-72 weeks) on total cover and 

total forbs in plots that were sown with one of four perennial grass species, Ectrosia 

leporina, Eriachne schultziana, Dichanthium sericeum or Chloris gayana. *P <0.05, 
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Source of variation 

Plot stratum 

Fertiliser 

Residual 

Time stratum 

Wet 

Wet*time 

Wet*fertiliser 

Wet*time*fertiliser 

Residual 

Total 

d.f. Total cover Total forbs 

1 

26 
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1 

10 
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0.218 

*** 

*** 

*** 

** 
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*** 
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Fig. 4.6 Mean total vegetation cover (grasses + forbs + sedges) and mean total forb 

cover over two wet seasons in fertilised and unf ertilised plots that were sown with a 

perennial grass species, Ectrosia leporina, Eriaclme schultziana, Dichanthium sericeum 

or Chloris gayana. Plots were monitored over two wet seasons and no monitoring 

occurred in the dry season between the two wets (weeks 22 to 48 after sowing). 

Pseudopogonatherum plots were monitored during the first wet season only. 
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Plate 4.2 (a) Plots at the time o f sowing in early January 1998

Plate 4.2 (c) Plots early in the next dry season in late May 1999
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Plate 4.2 (a) Plots at the time of sowing in early January 1998 

Plate 4.2 (b) Plots five months after sowing in May 1998 

Plate 4.2 (c) Plots early in the next dry season in late May 1999 
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4.3.2 Mixed species trial

4.3.2.1 Grass cover and fertiliser

The cover of Chloris varied significantly depending on which native species it was sown 

with (P<0.001, Table 4.9a). It was generally higher where it was sown with Ectrosia and 

Eriachne and lower where it was sown with Dichanthium and Pseudopogonatherum  (Fig. 

4.7).

The effect of fertiliser in this trial was the same as in the single species trial. That is, fertiliser 

significantly increased the cover of Chloris (PcO.OOl, Table 4.9a) and the native annual 

grass Pseudopogonatherum  (PcO.Ol, Table 4.9b), but did not significantly affect the cover of 

the native perennial grasses, Ectrosia, Eriachne and Dichanthium (P>0.05, Table 4.9b).

With fertiliser, Chloris cover was generally higher than the cover of either Ectrosia or 

Eriachne. Chloris cover varied depending on which native grass it was sown with (PcO.OOl). 

Without fertiliser, however, the cover of Chloris was substantially lower than the four native 

species after six week

With fertiliser, Chloris also established more rapidly than the native perennials and had a 

higher cover than Ectrosia  throughout the trial (Fig. 4.7a). Chloris also had a higher cover 

than Eriachne and Dichanthium but only until about 13 weeks after sowing (Fig. 4.7b and c). 

Unlike the perennial species, the annual Pseudopogonatherum  had a substantially higher 

cover than Chloris in fertilised plots (Fig. 4.7d).
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The cover of Chloris varied significantly depending on which native species it was sown 

with (P<0.001, Table 4.9a). It was generally higher where it was sown with Ectrosia and 

Eriachne and lower where it was sown with Dichanthium and Pseudopogonatherum (Fig. 
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grass Pseudopogonatherum (P<0.01, Table 4.9b), but did not significantly affect the cover of 
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With fertiliser, Chloris cover was generally higher than the cover of either Ectrosia or 

Eriachne. Chloris cover varied depending on which native grass it was sown with (P<0.001). 

Without fertiliser, however, the cover of Chloris was substantially lower than the four native 

species after six week 

With fertiliser. Chloris also established more rapidly than the native perennials and had a 

higher cover than Ectrosia throughout the trial (Fig. 4.7a). Chloris also had a higher cover 

than Eriachne and Dichanthium but only until about 13 weeks after sowing (Fig. 4.7b and c). 

Unlike the perennial species, the annual Pseudopogonatherum had a substantially higher 

cover than Chloris in fertilised plots (Fig. 4.7d). 
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Table 4.9a P values from split-plot analysis of variance for % foliage cover of Chloris 
gayana where it was sown at an equivalent rate with one of four native grasses, Ectrosia 
leporina, Eriaclme schultziana, Dichanthium sericeum or Pseudopogonatherum 
contortum, in a two species mix. Mixes were sown with and without fertiliser and were 
monitored every three weeks from six weeks to 22 weeks after sowing. ***P<0.001 

Source of variation 

Plot stratum 

Mix 

Fertiliser 

Mix *fertiliser 

Residual 

Time stratum 

Time 

Time*mix 

Time*fertiliser 

Time*mix*fertiliser 

Residual 

Total 

d.f. 

3 

l 

3 

16 

5 

15 

5 

15 

80 

143 

Chloris 

*** 

*** 

*** 

0.843 

0.369 

0.880 

0.999 

Table 4.9b P values from split-plot analyses of variance for the % foliage cover of four 
native grasses, Ectrosia leporina, Eriachne schultziana, Dichanthium sericeum and 
Pseudopogonatherum contortum, where each was sown with Chloris. Mixes were sown 
with and without fertiliser and were monitored every three weeks from six weeks to 22 
weeks after sowing. **P<0.01; ***P<0.001 

Source of d.f. Ectrosia Eriachne Dichanthium Pseudopogonatherum 

variation 

--
Plot stratum 

Fertiliser 1 0.112 0.092 0.648 ** 

Residual 4 

Time stratum 

Time 5 *** 0.120 0.073 ** 

Time*fertiliser 5 0.276 0.900 0.773 0.186 

Residual 20 

Total 31 
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(a) Chloris a n d  Ectrosia - • • -C hloris unfertilised

 0  Ectrosia unfertilised

12 15 18 21 24

Fig. 4.7 Mean percent foliage cover of four native grasses, Ectrosia leporina, Eriachne 

schultziana, Dichanthium sericeum and Pseudopogonatherum contortum, which were 

each sown with the introduced grass, Chloris gayana. Plots were sown with or without 

fertiliser and monitored for one wet season.
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Fig. 4.7 Mean percent foliage cover of four native grasses, Ectrosia leporina, Eriachne 

schultziana, Dichanthium sericeum and Pseudopogonatherum contortum, which were 

each sown with the introduced grass, Chloris gayana. Plots were sown with or without 

fertiliser and monitored for one wet season. 
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4.3.2.2 Total cover and f orb cover 

Fertiliser had a similar effect on total cover (grasses+ forbs + sedges) and total forb cover in 

this trial as it did in the single species trial. That is, cover was significantly higher in 

fertilised plots (P<0.001, Table 4.10). Total cover in fertilised plots across species mixes was 

60% by six weeks after sowing while in unfertilised plots it was only 21 %. By the end of the 

trial period, about 4.5 months after establishment, total cover in fertilised plots had decreased 

to 44% and it was 30% in unfertilised plots. 

For forbs, cover varied significantly between plots sown with different grass species mixes 

(P<0.01). Farb cover was generally lower in plots sown with Chloris and Ectrosia (Fig. 4.8a) 

and Chloris and Eriachne (Fig. 4.8b) than in plots sown with Chloris and Dichanthium (Fig. 

4.8c) and Chloris and Pseuodpogonatherum (Fig. 4.8d) 

The significant interaction between fertiliser and time for both total cover and forb cover 

(P<0.001) indicated that the rate of increase in cover over time was higher in the fertilised 

plots, but that the effect of fertili~er declined over time. In general, cover of both groups 

decreased over time in fertilised plots and increased in unfertilised plots (Fig. 4.8a, b, c, d). 

Across species mixes, forbs accounted for 35-50% of total cover in both fertiliser treatments 

(Fig. 4.8). Total forb cover in fertilised plots was highest at six weeks (44%) and most of it 

was provided by the annual native species Mollugo pentaphylla. After six weeks, forb cover 

steadily decreased due to a reduction of M. pentaphylla, and by the end of the monitoring 

period (22 weeks), average total forb cover in fertilised plots was 14 .. 5%. By week 16 after 

sowing, the introduced buffalo clover was the dominant species accounting for 17% of 25% 

cover of total forbs. At 22 weeks, buffalo clover accounted for 9.5% of total forb cover. 
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Table 4.10 P values from split-plot analyses of variance for total % foliage cover and 

total forb cover in mixed species plots with or without fertiliser. Monitoring occurred 

at three weekly intervals from six weeks to 22 weeks after sowing. **P<0.01; 

***P<0.001

Source of variation d.f. Total cover Total forb cover

Plot stratum

Mix 3 0.058 '!**!•

Fertiliser 1

Mix*fertiliser 3 0.116 0.205

Residual 12

Time stratum

Time 5 0.085 **

Time*mix 15 0.662 0.558
Time ̂ 'fertiliser 5

Time*mix*fertiliser 15 0.464 0.730

Residual 80
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Fig. 4.8 Mean total cover (grasses +forbs + sedges) and mean total forh cover in plots 

sown with a mix of Chloris and one of four native grasses, Ectrosia leporina, Eriachne 

schultziana, Dichanthium sericeum or Pseudopogonatherum contortum, with and 

without fertiliser. Plots were monitored over one wet season. 
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4.4 DISCUSSION

4.4.1 Effect of fertiliser

One o f the reasons why introduced pasture grasses have been favoured over native grasses is 

because they are able to effectively utilise improved regimes o f nutrients compared with 

native species (Donald 1970). It would be expected then, that applying fertiliser would 

favour the growth of Chloris over the native species. Indeed, this study showed that fertiliser 

did have a significant positive effect on the growth of Chloris and enabled it to establish 

more rapidly than the local perennial grasses, Ectrosia and Eriachne, which showed no 

significance response to fertiliser. Thus, fertiliser is not required for the establishment of 

these native grasses.

This study also showed that Chloris and Pseudopogonatherum  required fertiliser to establish 

comparable cover to Ectrosia and Eriachne. Establishment o f the fourth native species in 

this trial, Dichanthium, was poor probably due to a combination of unsuitable soil type and 

flooding in some plots. Dichanthium prefers heavier fertile clay soils or areas that capture 

moisture (Weston 1990; Waters et al. 2000) and is not suitable for revegetation in the Top 

End environment, especially on disturbed areas with lighter soils and relatively low nutrient 

status.

These results for the effect of fertiliser agree with those o f Gray and Ashwath (1994) who 

assessed the effect of gypsum on establishment and growth o f ten native grasses and Chloris 

gayana on waste rock at Ranger Mine. They found that most native grasses, including 

Ectrosia leporina, produced similar cover in gypsum treated and untreated plots (25%) while 

Chloris produced higher cover with gypsum (48%) than without gypsum (30%). There were, 

however, major differences in experimental conditions between Gray and Ashwath’s study 

and this current study. In Gray’s and Ashwath’s study:
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1 Dispersal units were sown into a waste rock substrate the chemical composition of which 

would have been substantially different from the soil in this study (Ashwath et al. 

1994b), and thus may have had !1 major influence on establishment and growth. 

2 Sowing rates were different. Ectrosia was sown at 33kg ha·', which, assuming that 

dispersal units were sown, was thirteen times the rate used in this trial. Chloris was sown 

at about double the rate (23kg ha-1
). 

3 Dispersal units were sown at the beginning of the dry season and irrigated for the 

duration of the ten week trial as opposed to this trial where sowing occurred at the 

beginning of the wet season and plots were watered only by rainfail. 

Due to these differences in experimental design it is difficult to make direct comparisons 

between the two trials. However, both trials clearly demonstrated that native grasses are 

adapted to low nutrient soils and so their growth was not significantly affected by fertiliser. 

In contrast, Chloris responded positively to fertiliser and required additional nutrients to 

maximise growth. 

The local species, Ectrosia, Eriachne and Pseudopogonatherum, established from s.eed that 

was collected from plants that had voluntarily colonised on relatively hostile roadside 

environments. Therefore, they are likeiy to be adapted to relatively low nutrients soils and 

will out-compete species with a higher nutrient requirement on soils with low nutrient 

availability (e.g. Bradshaw et al. 1964; Grime and Hunt 1975; Lambers and Poorter 1992). 

Conversely, species with low nutrient requirements are likely to be out-competed by species 

with high nutrient requirements on soils with high nutrient availability, if the latter species 

has sufficiently high growth rate to attain more mass and resources than its competitor (Aerts 

and van der Peijl 1993; Berendse 1994). Other studies have also shown that growth rates of 

species from nutrient rich habitats tend to be more responsive to addition of nutrients than 

that of species from nutrient poor habitats (reviews in Chapin 1988; Lambers and Poorter 

1992). The mixed species fertiliser trial demonstrated this point, with the local perennial 
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species being out-competed by Chloris in fertilised plots. In (this trial, Pseudopogonatherum  

and the perennial Dichanthium  were also able to rapidly exploit additional nutrients and, in 

fact, out-competed Chloris. Consequently, Dichanthium  responded positively to fertiliser 

applied to the relatively infertile soils of the trial site.

Fertiliser had a similar effect on Pseudopogonatherum, the local native annual grass, as it did 

on Chloris. With fertiliser ̂ Pseudopogonatherum  had higher cover than fertilised perennial 

species but without fertiliser it had lower cover than those grasses. Annual grasses generally 

have higher relative growth rates than perennial grasses (Ernst and Tolsma 1992). Annual 

species like Pseudopogonatherum, therefore, would be expected to show a more rapid and 

marked response to the external input of nutrients than perennial species (Aerts and van der 

Peijl 1993; Berendse 1994). Ernst and Tolsma (1992) experimentally compared annual and 

perennial grass in a savanna in Botswana and found that the relative growth rate of perennial 

species was about one third that o f annual species. The annual species tested in their trails 

also showed a very strong response to increased soil nutrients.

Fertiliser also encouraged the rapid emergence o f annual native forbs from the soil seed bank 

and these species made a significant contribution to the total cover in the early stages o f the 

trial. Whilst it was demonstrated that there is no need for fertiliser when revegetating with 

perennial native grasses, the development o f any rapid native cover that will provide 

protection against erosion is desirable.

In ecosystems with predominantly nutrient-poor soils, such as the soils in the Top End, 

addition of nutrients can constitute a major disturbance (Hobbs and Huenneke 1992). 

Increasing nutrients also increases the risk o f invasion by non-native species (e.g. Ewel 

1986; Cale and Hobbs 1991; Hobbs 1991; Hester and Hobbs 1992), especially when 

combined with soil disturbance (Hobbs and Atkins 1988). Soil disturbance is a necessary 

practice for direct seeding o f bare areas because it increases water retention, available 

nutrients and availability o f safe sites for seedling establishment (Hobbs 1991). Pennisetum
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pedicellatum, an introduced pasture grass that is common on the Ranger lease, in Kakadu 

National Park and in the Darwin region, is a known invader of fertile sites and is able to 

invade low nutrient sites following addition of nutrients (Mott 1980). The benefits of using 

fertiliser to promote rapid cover through emergence of germinants from the soil seed bank 

should be weighed up against the risk of weed invasion and the longer term implications for 

weed management. 

Despite the occurrence of P. pedicellatum near the trial site it did not invade the plots. 

However, other non-native herbaceous species did establish in the plots and the most 

abundant of these was Alysicarpus vagina/is (buffalo clover), which is an annual upright or 

prostrate fodder species (Dunlop et al. 1995). A. vagina/is cover increased as the cover of 

native annual forbs decreased. A. vagina/is is robust compared with the native forb Mollugo 

pentaphylla, which was the dominant species early in the wet season. A. vagina/is flowers 

later than M. pentaphylla - February to June (Dunlop et al. 1995) compared with December

January (pers. obs.) - and persists well into the dry season. Once established this species is 

likely to persist. In addition, the prostr~te habit of A. vagina/is will assist to accelerate its 

spread into the spaces vacated by early flowering annuals and other senescing plants. 

Both trials showed that the effect of fertiliser was short lived and its effect was not detectable 

a few months after application. Improved pasture species such as Chloris require annual 

applications of fertiliser to maintain production (Hodge 1979). Studies in revegetation areas 

at Gove indicated that Chloris became less vigorous and faded out after approximately five 

years due to lack of soil nutrients and to competition with recolonising species (Hinz 1990). 

In revegetation situations, where Chloris is sown with other grasses, as it was in the mixed 

species trial, it is likely that the cover of Chloris will decline over a period of less than five 

years. In South Africa, Rhodes grass is used as a nurse crop in revegetation of mined areas. 

After about three years it is replaced by stronger perennial species (Retham et al. 1999). In 

pastures, Rhodes grass can be useful in younger rehabilitation areas but in mature pastures it 

Chapter 4 Establishment, growth and resilience 



203

becomes restricted to depressions and drainage lines where soil moisture is higher (Grigg et 

al. 2000).

4.4.2 Response to drought

A major finding of this study was that the local perennial species, Ectrosia and Eriachne 

demonstrated resilience to dry season drought. In contrast, the growth and recovery of 

Chloris and Dichanthium after one dry season was poor. Eriachne demonstrated a higher 

level of resilience than the other trial species in that its post-dry season cover was most 

similar to its pre-dry season cover. The data in Chapter 2 showed that plants from self

established populations of Eriachne were relatively robust with large tussock diameters, and 

above ground biomass and root mass. Thus, Eriachne plants have a relatively strong physical 

base from which to recover after disturbance. Ectrosia, Pseudopogonatherum  and 

Dichanthium  (Tothill and Hacker 1996) are all slender species with smaller root systems 

than Eriachne. Thus, these species may be less resilient to disturbances such as water stress 

and fire. Plant structure and morphology, therefore, are useful indicators of the suitability of 

native grasses for revegetation.

Tolerance of long dry periods is typical o f tropical perennial grasses. Orr and Paton (1997) 

showed that Heteropogon contortus seedlings possess a high level o f drought tolerance 

compared to some introduced species. Drought tolerance is a distinct advantage in the highly 

seasonal climate o f northern Australia where dry periods are annual and may extend up to 

eight months. It is especially important in revegetation programs where the objective is to 

establish self-sustaining ecosystems.

Drought tolerant species often have root systems that are more extensive and are able to 

penetrate to greater depth than less tolerant species (Humphreys 1981). Martin (1975) found 

that the drought susceptible Axonopus affinis and Paspalum notatum were active in water 

uptake at 0.6m depth while the drought tolerant Cynodon dactylon  and Paspalum dilatatum  

were active at 1.2m. It is not known to what depth roots o f Eriachne actively exploit soil
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compared to some introduced species. Drought tolerance is a distinct advantage in the highly 

seasonal climate of northern Australia where dry periods are annual and may extend up to 

eight months. It is especially important in revegetation programs where the objective is to 

establish self-sustaining ecosystems. 

Drought tolerant species often have root systems that are more extensive and are able to 

penetrate to greater depth than less tolerant species (Humphreys 1981). Martin (1975) found 

that the drought susceptible Axonopus affinis and Paspalum notatum were active in water 

uptake at 0.6m depth while the drought tolerant Cynodon dactylon and Paspalum dilatatum 

were active at 1.2m. It is not known to what depth roots of Eriachne actively exploit soil 
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moisture but plants of this species had significantly larger root mass than the other trial 

species and the highest root/shoot ratio of the perennial species (Chapter 2). Chloris gayana 

has been reported to be deep rooted but to also have a large concentration of roots near the 

surface (Taerum 1970). In this trial, however, Chloris did not recover from the dry season 

drought. Humphreys (1981) suggested that absolute root yield needs to be considered. The 

local perennial species in this trial may have had a proportionally larger root mass at depth 

than Chloris. 

Despite seed longevity studies showing that seed of Ectrosia and Eriachne can stored under 

dry ambient conditions and maintain a high level of germination for up to three years 

(Chapter 3), the sole regeneration mechanism for all species was by resprouting from 

perennial tussocks. Longevity of grass seed stored under controlled conditions is likely to be 

substantially longer than that of seed in the soil seed bank. Field studies on germination 

behaviour of these species would he required to confirm this hypothesis. However, studies 

on soil seed hanks of other tropical grasses have shown that survival of seed through to the 

next growing season is negligible (e.g. Mott and Andrew 1985; Lodge 2001). 

The cover of all species except Eriachne decreased in the second wet season, despite above 

average rainfall. If the trend of reducing cover in sown grasses continues in subsequent years 

and other native species do not voluntarily colonise, then it may be necessary to carry out 

supplementary seeding. This is important to fill gaps that otherwise may be occupied by 

invasive non-native species. This highlights the importance of monitoring the success of 

revegetation and implementing follow up work as required. 

4.4.3 Sowing rates and species mixes 

Considering the results for both trials, a sowing rate of 10kg ha·1 (based on Chloris dispersal 

unit weight) was sufficient to produce adequate cover of the trial species in the first wet 

season. Rates could he' increased to potentially produce a higher level of cover and to 

compensate for a reduction in cover during the first dry season. Sowing rates should also 
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account for seed purity, which may vary widely between species and also between different 

seed lots of a species (Chapter 2, Table 2.3). Increasing sowing rates, however, may not 

necessarily result in increased cover due to density-dependent effects. Such effects may have 

contributed to suppressing the cover of the annual Pseudopogonatherum  where it was sown 

at double the rate. Cover between plots sown at 24kg ha'1 and at 48kg ha'1 varied by only 

1%. However, for Ectrosia, Eriachne and Chloris, halving the sowing rate in the competition 

plots did result in substantially less cover o f these species. Density-dependent effects vary 

between species and may be more important for annual species.

Seedling-seedling interactions may be particularly important for annual grasses with limited 

dispersal (Cheplick 1998). Studies on the annual Sorghum intrans, a major grass of savannas 

in northern Australia, showed that the primary regulating process is likely to be the 

negatively density-dependent relationship between fecundity and plant density (Watkinson et 

al. 1989). This regulation has also been recorded for a number of other annual species such 

as Androsace septentrionalis (Symonides 1979), Cakile edentula (Keddy 1981), Polygonum 

confertiflorum (Reynolds 1984), and Vulpia fasciculata  (Watkinson and Harper 1978). The 

regulation of populations of these locally abundant plants probably results from intraspecific 

competition.

To determine the nature of the density-dependent response o f revegetation species would 

require experimental manipulation o f populations and examination o f all stages of the life 

cycle (Hassell 1985), which was beyond the scope o f this study. Regardless of the 

mechanism, comparison of the single and mixed species trials for all species suggested that 

doubling the seeding rate does not necessarily double or even substantially increase cover of 

the sown species.

The level of foliage cover achieved by each species in the first wet season did not correspond 

to laboratory germination results reported in Chapter 3. In the field trials, Ectrosia achieved 

the highest cover and Dichanthium the least. In laboratory germination tests of seed of the
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same age as seed sown in the field trials, Dichanthium had the highest germination and 

Chloris had the lowest. Further, the trial that compared germination on paper and under 

laboratory conditions and in soil under shadehouse conditions showed that germination was 

similar between substrates for all species except Ectrosia, which had significantly less 

germination in soil. 

Foliage cover, however, does not necessarily reflect germination rate and subsequent 

seedling survival because plant size varies considerably between species. Thus, for large 

plants, foliage cover may be high but plant density may be low. Therefore, sowing rate also 

needs to consider species characteristics such as plant size as well as germinability. There 

may be little to be gained by inflating sowing rate when plant density will be limited by 

space. The sowing rate at which foliage cover ceases to increase would need to be 

determined by cover assessments across a range of sowing rates. 

The annual Pseudopogonatherum established successfully but had low cover compared to 

the local perennial species. Pseudopogonatherum would be useful to increase species 

diversity. It primarily relies on germination from seed for regeneration and so this species 

provides an alternative regeneration mechanism to resprouting perennials. However, because 

Pseudopogonatherum lacks a robust tussock and spreading canopy, it has limited potential 

for protecting the soil surface from rainsplash and controlling distribution of runoff. Thus, 

Pseudopogonatherum, and indeed other species with a similar structure, should only be sown 

in a mix with perennial species. 

The species mix that was most successful was Chloris plus Ectrosia. This combination 

achieved substantially higher cover than other mixes in the early stages of the trial and the 

level of cover increased through the initial wet season. The combination of Chloris and the 

annual Pseudopogonatherum without fertiliser was the least successful combination because 

both species required fertiliser to achieve maximum growth, and their foliage cover was not 

Chapter 4 Establishment, growth and resilience 



persistent and was relatively low before the end of the initial wet season. These species 

therefore, would provide less protection from erosion than native perennial grasses.

Comparing the single and mixed species trials showed that there was little advantage in 

sowing a native grass with Chloris compared to sowing native grasses alone. It may, 

however, be a useful strategy where rapid cover is required, for example on slopes, and 

where fertiliser can be safely and effectively used. Two or three applications o f fertiliser will 

be required to maintain cover o f Chloris through the wet season. It appears that Chloris is 

unlikely to become a serious weed problem if  it is sown with native grasses that establish 

and maintain adequate cover.

The data suggest that sowing a combination of two or more native species would have 

produced higher and more sustainable cover than the combination of Chloris and a native 

species. Unfortunately, it was not logistically possible to evaluate all combinations of species 

in this field trial. The trials showed that Ectrosia and Eriachne produced the highest cover in 

both wet seasons. Thus, a mix o f these two species is likely to be the most successful 

combination.

4.5 CONCLUSION

The perennial native grasses, Ectrosia and Eriachne, did not require fertiliser to achieve 

maximum growth. In contrast, the introduced Chloris required fertiliser to achieve similar 

cover to the native grasses. Dichanthium essentially failed to establish regardless of fertiliser 

treatment. This indicates that this species is unsuitable for revegetation on soils that are 

nutrient-poor compared with soils of its natural environment, which are generally nutrient- 

rich heavy clays. The annual native, Pseudopogonatherum, responded positively to fertiliser 

but had lower cover than the native perennial grasses regardless of treatment. Thus, this 

species should not be sown alone but in a mix with native perennial grasses. Fertiliser also 

increased the cover o f native forb species that emerged from the soil seed bank.
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Eriachne was the most resilient species because it recovered most successfully from the dry 

season drought following the initial wet season. Ectrosia also recovered from the dry season, 

and to a level that would probably maintain a self-sustaining population. In contrast, 

Dichanthium and Chloris, which both had low population levels at the end of the initial wet 

season, showed negligible recovery from the dry season. 
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5.1 INTRODUCTION

Fire is arguably the most common large-scale disturbance that occurs in northern Australia 

and it plays a major role in structuring vegetation communities (Williams et al. 2002). Fire 

frequency is high over vast areas. Interpretation of LANDSAT MSS imagery and detailed 

ground-truthing showed that 55% of lowland savanna regions of the 20,000 km2 Kakadu 

National Park were burnt annually over a fifteen year period from 1980 to 1994 (Russell- 

Smith et al. 1997).

Such high fire frequency is driven by the interactions between fire weather and ignition 

sources. Ignitions are frequent, with most fire lit by people for one reason or another. The 

intensely seasonal rainfall from December to March produces a dense understorey of 

perennial and annual grasses every year. At the end of each wet season, generally about 

April, grasses begin to cure and produce a continuous layer of flammable fuel. As the dry 

season progresses, the fuel load increases with the accumulation of leaf litter from trees, both 

deciduous and evergreen (Williams 1995; Wilson e ta l. 1996; Williams e ta l. 1997b).

Fire intensity depends on the amount and structure of the fuel, its degree of curing and the 

prevailing ambient conditions which affect rate o f spread (Frost 1985; Cheney and Sullivan 

1997). Intensity progressively increases through the dry season as fire weather becomes 

more extreme (Cheney et al. 1993; Gill et al. 1996; Williams et al. 1998), fuel cures, wind 

speed increases, relative humidity decreases, and leaf fall increases fuel loads (Tapper et. al 

1994; Gill et al. 1996; Williams et al. 1998). Williams et al. (1998) reported that annual 

early dry season (June) fires lit over four years at Kapalga Research Station in Kakadu 

National Park, had an average intensity significantly lower, by a factor of nearly four, than 

that o f fires lit annually late in the dry season (September).

The intensity o f tropical savanna fires is generally low compared with the potential intensity 

of fires in southern eucalypt forests (Williams et al. 1998), and causes little mortality of 

canopy trees (Lonsdale and Braithwaite 1991). This is because the leaves of eucalypts in the
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savannas have low flammability compared with those in southern forests, and consequently 

fires do not carry in the tree crown (Stocker and Mott 1981). Also, grass fuels do not 

accumulate because of a high rate of decomposition (Lonsdale and Braithwaite 1991). 

Consequently, fire impacts in savannas may be low. Braithwaite'and Estbergs (1985) studied 

a range of savanna sites in Kakadu National Park and found that about 1 % of the canopy 

trees died each year and about 80% of these deaths were due directly or indirectly to fire. 

There is evidence of broadscale change to the fire regimes in the Top End of the NT. Prior to 

the arrival of Aboriginal people on the continent 50,000 years ago, lightning strikes were the 

only source of fire ignition (Press 1987; Braithwaite 1991; Braithwaite and Roberts 1995). 

Aboriginal people burnt throughout the year, except in the wettest part of the peak 

monsoonal period. Historical evidence · points to a peak of activity in the early-mid dry 

season (Braithwaite 1991). With the advent of European land use and management, there has 

been an apparent increase in the occurrence of the late dry season fires, which are more 

intense and potentially larger than early dry season fires (Williams et al. 2002). 

Thus, prescribed, fuel-reduction burning is used by all major land management agencies to 

reduce the risk of uncontrolled wildfire, especially during the late dry season. Most of the 

native grass understorey in woodlands of the Top End is burnt annually or biennially 

(Stocker and Mott 1981; Braithwaite and Estbergs 1985; Russell-Smith et al. 1997). Most 

prescribed fires occur during the dry season (Russell-Smith et al. 1997). Wet season burning 

also occurs and is known to reduce the standing crop of one of the major components of fuel 

in tropical savannas - species of tall, annual grass in the genus Sorghum (Stocker & Sturtz 

1966, Williams and Lane 1999). Fire is also used as a pasture management tool and can be 

effective for manipulating understorey composition (e.g. Canales et al. 1994; Orr and Paton 

1997; Orr et al. 1997). Burnmg pasture grasses creates fresh 'green pick' early in the dry 

season (Andrew 1986a), increases pasture production (e.g. Smith 1960; Orr and Paton 1997), 

and is important for controlling woody plant populations (Dyer et al. 1997). 
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Most woody tree and shrub species have a range of adaptations to fire. These include 

characteristics that enhance survival such as thick bark, epicormic buds and lignotubers in 

eucalypts (Gill 1981). Herbaceous perennial plants resprout from basal buds and the seed of 

many annual species, especially grasses, avoid death from fire by burial in soil. The success 

o f adaptive traits, however, is very much dependent on the fire regime, that is, the frequency, 

intensity and timing o f fire (Stocker and Mott 1981). Tree survival significantly decreases 

with increasing fire intensity (Williams et al. 1999) and there is considerable interspecific 

variation in fire susceptibility (Cook and Williams 1995; Williams et al. 1999). Annual grass 

populations can be eliminated by fire if it occurs after germination but prior to seed fall and 

burial (Stocker & Sturtz 1966, Williams and Lane 1999).

Resilience to disturbance, such as fire, is an important attribute for species in northern 

Australia. Virtually all perennial species resprout and perennial obligate seeders are rare in 

most of the lowland savannas and the lateritic plains, such as occurs over much o f northern 

Australia. Annuals are relatively common (Brennan 1996a), and generally dispense and store 

seed into the soil prior to the occurrence o f dry season fires (Lacey 1974; Williams et al. 

2002). Thus, there is a generally high level o f resilience (sensu Westman 1986) to fire in the 

savannas. However, survival of individual species will be determined by various life history, 

anatomical, physiological and behavioural characteristics. Further, fire may affect a species 

differentially depending on the intensity, season, frequency and extent. Thus, a species 

population may recruit strongly after one fire but suffer mortality and failed recruitment after 

another with different characteristics (Whelan 1995).

Resilience to fire is also vitally important in species that are used for revegetation, especially 

sown grass species that may grow in monospecific stands on what would otherwise be bare 

ground. Fire may destroy a stand, and capability to recover depends on development o f fire 

resistance at early stages o f the revegetation process. Removal o f vegetation in these early 

stages is likely to result in erosion and consequently loss of essential resources such as soil,
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water and seed bank. Severe erosion is likely to breach regulatory and/or legislative 

requirements (e.g. NT Soil Conservation Act) and can be costly to remediate. 

For a northern Australian grass species to be successful in revegetated environments, 

whether on grazing lands, roadsides or other disturbed areas, it must have the capacity to 

recover from fire, in both early and latter stages of the revegetation process, so that 

populations remain viable and maintain vegetation cover. Further, it is important to 

understand the effect of fire timing on revegetation species so that an appropriate fire regime 

can be implemented to maximise the success of revegetation programs. 

The aims of this study therefore, were to assess: 

1. The effect of an early dry season fire on cover, and morphological/biomass relationships 

of three perennial grass species and an annual grass species. 

2. The effect of a late dry season fire on the cover of four perennial grasses and an annual 

grass. 

The first trial evaluated self-established stands of grasses that were burnt by prescribed fire 

in the early dry season. The second trial evaluated the impact of an unplanned late dry season 

fire on the hand sown single and mixed species plots that were used in the study on grass 

establishment and growth (Chapter 4). Neither of these fires was planned as a part of the 

original design of the thesis. The original design involved sowing plots with single grass 

species and burning at 6 and 18 month intervals after fire, that is, in the first and second dry 

seasons after establishment, to determine the relationship between plant age and fire 

tolerance. However, the majority of these plots were flooded by heavy monsoonal rain 

before grass establishment and most seed was washed away. 

Given the paucity of knowledge of studies on the impact of fire on revegetation, it was 

decided that a pilot trial of a prescribed bum on established stands was warranted. This fire, 

and the unplanned fire on the establishment plots, provided an important opportunity to 
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examine the effects o f fire on selected grass species in the context o f ecosystem  

rehabilitation.

5.2 METHODS

5.2.1 Prescribed fire on established stands

Stands o f Ectrosia leporina, Eriachne schultziana and Pseudopogonatherum contortum that 

had voluntarily established on different areas of the Ranger lease were selected for burning. 

Eriachne and Pseudopogonatherum  stands were in roadside drains, and Ectrosia was 

growing on top o f a laterite covered waste rock dump. The age of the native grass stands was 

not known but fire managers on the Ranger lease estimated that they had not been burnt for 

three dry seasons, nor had they been mown for several years.

Prescribed fires were lit in early May 1998 to bum the selected stand o f each species. Fires 

were lit in the late afternoon when winds were low and relative humidity was high. The fire 

was slow moving and flame heights averaged about 0.5m. Fire intensity was estimated from 

flame heights, using regression equations derived by Williams et al. (1998) for this 

vegetation type. The observed flame heights indicated that the fire was a standard low  

intensity early dry season fire, o f the order o f about 1000 kWm'1: (kilowatts per metre; 

Williams et al. 1998). Vegetation was burnt to ground level, consuming all fine fuel, thus 

reducing percent foliage cover to zero.

Foliage cover was measured during the week prior to burning and then in mid-late 

December, about 7 months after fire, and at 9, 10.6 and 12 months after fire. The mean cover 

of each species at each monitoring time after fire was compared to the cover o f that species 

immediately prior to burning. Foliage cover was measured in five contiguous lm 2 quadrats 

using a point quadrat frame as described in Chapter 4. The frame was moved along at 

intervals of 10cm so that 100 points were scored in each lm 2, giving a total of 500 points at

Impact o f  fire

213 

) 

examine the effects of fire on selected grass species m the context of ecosystem 

rehabilitation. 

5.2 METHODS 

5.2.1 Prescribed fire on established stands 

Stands of Ectrosia leporina, Eriachne schultziana and Pseudopogonatherum contortum that 

had voluntarily established on different areas of the Ranger lease were selected for burning. 

Eriachne and Pseudopogonaiherum stands were in roadside drains, and Ectrosia was 

growing on top of a laterite covered waste rock dump. The age of the native grass stands was 

not known but fire managers on the Ranger lease estimated that they had not been burnt for 

three dry seasons, nor had they been mown for several years. 

Prescribed fires were lit in early May 1998 to bum the selected stand of each species. Fires 

were lit in the late afternoon when winds were low and relative humidity was high. The fire 

,was slow moving and flame heights averaged about 0.5m. Fire intensity was estimated from 

flame heights, using regression equations derived by Williams et al. (1998), for this 

vegetation type: The observed flame heights indicated that the fire was a standard low 

intensity early dry season fire, of the order of about 1000 kWm·1
: (kilowatts per metre; 

Williams et al. 1998). Vegetation was burnt to ground level, consuming all fine fuel, thus 

reducing percent foliage cover to zero. 

Foliage cover was measured during the week prior to burning and then in mid-late 

December, about 7 months after fire, and at 9, 10.6 and 12 months after fire. The mean cover 

of each species at each monitoring time after fire was compared to the cover of that species 

immediately prior to burning. Foliage cover was measured in five contiguous lm2 quadrats 

using a point quadrat frame as described in Chapter 4. The frame was moved along at 

intervals of 10cm' so that 100 points were scored iri each lm2
, giving a total of 500 points at 

Impact of fire 



duijfo tovdui]

aqj oj juaaBfpB saajj aqj uo (8661 'lv & SUJB!Il!A\. iXjisuajui qjiM pajnpjjoo Xpsop si qaiqM) 

jqStaq qojoag -pBajds jo ojej jo jqSpq aurey aAjasqo oj Xjiunjjoddo ou sbm ajaqj ‘pauuBjdun 

sum ajy aqj asncaag -q§iq ajaM spuiM uaqM Xt?p aqj jo ajppiui aqj ui pajjnaoo ajy siqx '(p 

jajduq3) jnuj qjMOJ§ pun juaiuqsqqBjsa ppy aqj ui pasn aiaM juqj sjojd ssbjS saiaads-paxiui 

put? sapads-ajSuis aqj qjoq Suipnpui ‘asBaj jaSuug aqj uo jid [BuoijBjado aqj jo jsaM aqj 

oj bbje aqj jo qanui ssojob jdaMS gggj jaquiajdas ajnj ui ajy uosBas Xjp ajtj[ pauuBjdun uy

sjojd umos uo ajy pauuejdujx TVS

•paqSiaM pun pajunoa ajaM sapads qaua jo sjiun OOZ J° sajBoqdaj aAy ,‘jiun ajSuis 

e jo jqSpM aqj auiuuajap ox 'Jiun pnpiAipui ub jo jq§pM oSbjoab aqj Xq sjiun psjadsip jo 

jqSpM jbjoj aqj SuipiAip Xq pajcjnapa sbm juBjd jad sjiun psjadsip jo jaquinu aqx ‘paqSpM 

pun s§Bq jadBd ui paaB[d ajaM saauaosajoyuj -paqSpM puB ‘Xjp Xpjajduioa qjun jo sjnoq 

8b J0J D0S9 pa HP uaAO ajaM suiajs puB sjoog -s§Bq jadBd ui XpjBJBdas pajojs ajaM (suiajs 

puB sjooj ‘saauaasajojjui) sjuauoduioa aajqj aqj puB ‘Suyjna Xq suiajs aqj uiojj paAouiaj 

ajaM sjooj puB (saauaasajoyui) spBaq paa§ -pajunoa ajaM suiajs puB ‘pajnsBaui ajaM 

(pBaq paas aqj jo asEq aqj oj pA3[ punoj§ uiojj) uiajs jsaSuoj aqj jo qj§ua[ aqj puB jajauiBip 

qaossnj ‘sapads qoBa joj -jaBjui suiajsXs jooj aqj qjiM SuiSSip Xq paAouiaj ajaM sjuejj

•juBjd aqj uo qys jnq ajnjBui ajaM spaas uaqM ‘ajij-jsod puB -ajd qjoq ‘Xbjaj 

X[JBa ui pajduiBS ajaM sjue[<j 'B3JB Suuojiuout jaAoa aqj jo apisjno pajanpuoa sbm SuqduiBs 

juB(d ‘J3AOD aSnqoj ajy-jsod puB -ajd jo juauiajnsBaui uo SuqduiBS siqj jo joBdun Xub piOAB 

°X -paAouiaj ajaM sjuB[d ajoqM jBqj ui aAijamjsap sbm SuqduiBs siqx J3UB sqjuoui 

Zl X[uiopuBJ paiduiBS ojom jsqj uoijBjndod auiBS aqj uiojj sjuBjd pajBjauaSaj joj puB §uiuinq 

oj joud XpuopuBj pajduiBS sjuBjd joj pajnssaui ajaM jajauiBip qaossnj puB jqSpM Xjp 

jooj puB uiajs ‘suiajs jo jaquinu ‘jq§pq juB[d unaui ‘sjibjj juBjd ajij-jsod puB -ajd ajBduioa ox

sjupd jo jaquinu [bjoj/ooi x juasajd sapads ajaqM sjuiod jo jaquin^

:sb pauyap sbm jbaoo juaajaj -jaAaj punoj§ aAoqB uiao£ jnoqB oj dn uoijBjaSaA paqanoj 

uid aqj ajaqM papjoaaj sbm (%[ -an) ajoas aAijisod y -sapads qosa joj auiij Suuojiuoui qosa

nz

214 

each monitoring time for each species. A positive score (i.e. 1 % ) was recorded where the pin 

touched vegetation up to about 50cm above ground level. Percent cover was defined as: 

Number of points where species present x 100/total number of points 

To compare pre- and post-fire plant traits, mean plant height, number of stems, stem and root 

dry weight and tussock diameter were measured for plants sampled randomly prior to 

burning and for regenerated plants from the same population that were sampled rand~mly 12 

months after fire. This sampling was destructive in that whole plants were removed. To 

avoid any impact of this sampling on measurement of pre- and post-fire foliage cover, plant 

sampling was conducted outside of the cover monitoring area. Plants were sampled in early 

May, both pre- and post-fire, when seeds were mature but still on the plant. 

Plants were removed by digging with the root systems intact. For each species, tussock 

diameter and the length of the longest stem (from ground level to the base of the seed head) 
' ' 

were measured, and stems were counted. Seed heads (inflorescences) and roots were 

removed from the stems by cutting, and the three components (inflorescences, roots and 

stems) were stored separately in paper bags. Roots and stems were oven dried at 65°C for 48 

hours or until completely dry, and weighed. Inflorescences were placed in paper bags and 

weighed. The number of dispersal units per plant was calculated by dividing the total weight 

of dispersal units by the average weight of an individual unit. To determine the weight of a 

single unit; five replicates of 200 units of each species were counted and weighed. 

5.2.2 Unplanned fire on sown plots 

An unplanned late dry season fire in late September 1999 swept across much of the area to 

the west of the operational pit on the Ranger lease, including both the single-species and 

mixed-species grass plots that were used in the field establishment and growth trial (Chapter 

4). This fire occurred in the middle of the day when winds were high. Because the fire was 

unplanned, there was no opportunity to observe flame height or rate of spread. Scorch height 

(which is closely correlated with intensity; Williams et al. 1998) on the trees adjacent to the 
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trial area was used to estimate intensity. This fire scorched the tops of the tallest trees (15m). 

It was possible to estimate fuel load indirectly by measuring tussock diameters o f the study 

species within the plots that were selected for monitoring (see below for selection criteria). 

These measurements were taken about a week after the fire. Above ground biomass was 

estimated using the regression equations that described the tussock diameter/shoot biomass 

relationships that were reported in Chapter 2 (Table 2.2).

The fuel load across the plots averaged about two tonnes per hectare but would have actually 

been higher due to the contribution o f other grass species and forbs for which no tussock 

diameter/vegetative biomass data were available. Extrapolating from studies of late dry 

season fires under these weather conditions at the nearby Kapalga Research Station in 

Kakadu National Park, the rate of spread was conservatively assumed to be lm  sec'1 

(Williams et al. 1998). Heat o f release of the fuel was assumed to be 20,000 kJ kg'1 o f fuel (a 

widely used standard measure). Fire intensity, H.w.r (Byram 1959), where H = heat of 

release of fuel, W = fuel load and r = rate of spread, therefore, could be estimated from these 

data, and was calculated to be at least 4,000 kWm'1 (Williams et al. 1998), about four times 

the intensity o f the early dry season fire. Such a value is consistent with a scorch height of 

15m.

I (intensity) = 1ms'1 x 20,000 kJ kg'1 x 0.2 kg m'2 

I = 4,000 kW m'1 (kilo watts per metre of fire front)

The single species plots contained one o f the native species - either Ectrosia leporina, 

Eriachne schultziana, Dichanthium sericeum  or Pseudopogonatherum contortum, or the 

introduced Chloris gayana. These species had been hand sown in 2m x 2m plots at rates 

based on 10kg ha'1 o f Chloris (or 10,000 dispersal units per plot) in early January 1998 (see 

Table 4.2). Thus, fire occurred about 21 months (or two growing seasons) after sowing. 

Pseudopogonatherum  was sown in late December 1998 due to seed being unavailable in the 

previous season. Plots sown with this species, therefore, were burnt about 9 months after

215

Impact o f  fire

215 

trial area was used to estimate intensity. This fire scorched the tops of the tallest trees (15m). 

It was possible to estimate fuel load indirectly by measuring tussock diameters of the study 

species within the plots that were selected for monitoring (see below for selection criteria). 

These measurements were taken about a week after the fire. Above ground biomass was 

estimated using the regression equations that described the tussock diameter/shoot biomass 

relationships that were reported in Chapter 2 (Table 2.2). 

The fuel load across the plots averaged about two tonnes per hectare but would have actually 

been higher due to the contribution of other grass species and forbs for which no tussock 

diameter/vegetative biomass data were available. Extrapolating from studies of late dry 

season fires under these weather conditions at the nearby Kapalga Research Station in 

Kakadu National Park, the rate of spread was conservatively assumed to be lm sec·1 

(Williams et al. 1998). Heat of release of the fuel was assumed to be 20,000 kJ kg·1 of fuel (a 

widely used standard measure). Fire intensity, H.w.r (Byram 1959), where H = heat of 

release· of fuel, W = fuel load and r = rate of spread, therefore, could be estimated from these 

data, and was calculated to be at least 4,000 kwm·1 (Williams et al. 1998), about four times 

the intensity of the early dry season fire. Such a value is consistent with a scorch height of 

15m. 

I (intensity)= lms·1 x 20,000 kJ kg·1 x 0.2 kg m·2 

I= 4,000 kW m·1 (kilo watts per metre of fire front) 

The single species plots contained one of the native species - either Ectrosia leporina, 

Eriachne schultziana, Dichanthium sericeum or Pseudopogonatherum contortum, or the 

introduced Chloris gayana. These species had been hand sown in 2m x 2m plots at rates 

based on 10kg ha"1 of Chloris (or 10,000 dispersal units per plot) in early January 1998 (see 

Table 4.2). Thus, fire occurred about 21 months (or two growing seasons) after sowing. 

Pseudopogonatherum was sown in late December 1998 due to seed being unavailable in the 

previous season. Plots sown with this species, therefore, were burnt about 9 months after 

Impact of fire 



3mJfo jooduij

•suopipuoa jmnqun puB jurnq aqj joj pajuasajd 

are (jaAoa -g-a) sapnuBA aAijoadsaj aqj jo gs + unaui aqj /([uo ‘qans sy '/([[caijsijnjs 

pajsaj /([[buijoj aq jou p[noa sapads s noun a jo auiij joao joaoo aqj uo ajij jo janduix 

aqj ‘[3A3[ qoo[q jo jO[d aqj jb uotjBaqdaj jo >pB[ aqj uoaiq -sapads jagjBj [{B paurejuoa jcqj 

sqaop ajnaqdaj jaaps oj ajqissod jou sbm ji ‘paqsqqBjsa spunjs asaqj qaiqM japun suopipuoa 

guiMOjg ui uoijbijba aqj puB spirejs paqsqqBjsa-jps jo aauajjnaao pajiiuq aqj oj anQ

spiivjs p3i[siiqv}S3 uo auijpaquosauj l’£'Z'S

SIS (|BUB BJBQ £'Z’S

•(sajnaqdaj

£ x saxiui p) pajojiuoui ajaM sjo[d £\ ‘sjo[d saiaads paxiui aqj joj puB (sajBaqdaj £ x sapads 

g) pajojiuoui ajaM sjo[d gj ‘sjojd sapads a[guis aqj joj -pajnsBaui aq pjnoo ajij jo jaBduii 

aqj jBqj ajnsua oj puB sassBjg aqj jo uoijBjauagaj [Bijuajod umuiixBui ajBjqpej oj pajaa[as 

ajaM jaAoa qgiq qjiM sjojcj -xiui jBjnaijJBd b jo joaoo ajij-ajd qgiq XpAijBpj guiABq (q) puB 

jujnq Kpjajdiuoa gupq (b) :sbm /(pnjs ojij siqj ui uopaaps jo[d joj nuajua aqx > jajduqg ui 

pajBn[BAa sjojd asoqj oj puodsajjoa /(paujs jou op Xpnjs siqj ui pasn sjojd aqj ‘Xjjuanbasuo^ 

•ajij jo jouduii ssassB oj uopaaps jo[d aqj ui papjugajsip sbm juauijBajj jasqpjaj 

‘snqx ‘guiMOS jajjB uossas jaM jsjij aqj jajjB jasqpjaj jo jaajja ou sbm ajaqj JBqj paMoqs 

p jajdBq^ ui pajuasajd sjjnsaj aqx ’/(jaAoaaj ajij-jsod jojiuoui oj pajaaps ajaM (paxiui 

puB a[guis) xiui paas qana jo sjojd ajnaqdaj aajqj ‘jujnq ajaM jnqj sjojd jo pod aqj uiojj

•(Z'p 3RBX oj JajaJ) sjojd sapads ajguis aqj ui pasn ajBJ 

aqj jpq jb umos sbm sapads qang "vuvKvS suojifj qjiM umos qoBa ‘•wmdipvuoSodopnasj 

jo umii{iuvi{oiQ ‘ainpnug ‘visouiog ‘soaijbu jnoj jo auo jo pajsisuoa sjojd sapads paxiui aqx

'0002 /([JB3

I pun spAjajui XpaaM-xis jb jaAoa Xdouna joj pajojiuoui ajaM sjojd puB ‘ajij aqj jajjB sapaM 

xis jnoqB ‘jaquiaaaa XpBa ui paauauiuioaaj guijojiuopq -uosbbs guiMOjg auo jojjb jo guiMOS

91-3

216 

sowing or after one growing season. Monitoring recommenced in early December, about six 

weeks after the fire, and plots were monitored for canopy cover at six-weekly intervals until 

early May 2000. 

The mixed species plots consisted of one of four natives, Ectrosia, Eriachne, Dichanthium or 

Pseudopogonatherum, each sown with Chloris gayana. Each species was sown at half the 

rate used in the single species plots (refer to Table 4.2). 

From the pool of plots that were burnt, three replicate plots of each seed mix (single and 

mixed) were selected to monitor post-fire recovery. The results presented in Chapter 4 

showed that there was no effect of fertiliser after the first wet season after sowing. Thus, 

fertiliser treatment was disregarded in the plot selection to assess impact of fire. 

Consequently, the plots used in this study do not strictly correspond to those plots evaluated 

in Chapter 4. The criteria for plot selection in this fire study was: (a) being completely burnt 

and (b) having relatively high pre-fire cover of a particular mix. Plots with high cover were 

selected to facilitate maximum pqtential regeneration of the grasses and to ensure that the 

impact of fire could be measured. For the single species plots, 15 plots were monitored (5 

species x 3 replicates) and for the mixed species plots, 12 plots were monitored ( 4 mixes x 3 

replicates). 

5.2.3 Data analysis 

5.2.3.1 Prescribed fire on established stands 

Due to the limited occurrence of self-established stands and .the variation in growing 

conditions under which these stands established, it was not possible to select replicate blocks 

that contained all target species. Given the lack of replication at the plot or block level, the 

impact of fire on the cover over time of various species could not be formally tested 

statistically. As such, only the mean ± SE of the respective variables (e.g. cover) are 

presented for the burnt and unburnt conditions. 

Impact of fire 



The effect of fire on the relationships between various morphological variables (tussock 

diameter, stem weight, root weight etc.) was tested using linear regression. As in Chapter 2, 

tussock diameter was the primary predictor (independent) variable for the response variables 

root weight and shoot weight, and shoot weight was the predictor variable for the number of 

seeds per plant. A significant interaction between fire and the independent variable would 

indicate a significantly different slope in the relationship between predictor and response 

variables as a consequence of fire.

5.2.3.2 Unplanned fire on sown plots

The design consisted of 15 randomised plots for the single-species plots (five species each 

with three replicates), and 12 randomised plots for the mixed-species plots (four mixes each 

with three replicates). Data in Chapter 4 showed that there was no effect of fertiliser by the 

end of the first growing season, and it was assumed that there was no effect of the interaction 

between fire and fertiliser. Consequently, fertilised plots and-unfertilised plots were pooled 

in this analysis of the effect of fire. Species was treated as the fixed factor. Change over time 

in the abundance of various species was analysed by split plot ANOVA, with time as the 

split factor. The effects of species mix (3 degrees of freedom), was tested against the residual 

term in the plot stratum of the ANOVA. The effects of time (10 sample periods) and the 

treatment x time interactions were tested for in the time stratum of the ANOVA. To test for 

the differences between pre- and post-fire levels o f cover, (i.e. between weeks within each of 

the pre-fire and post-fire periods), the ‘week’ sums of squares was divided into a pre/post

fire component (with I df) and a between-weeks-within-pre/post-fire component. 

Interactions between these ‘fire’ and ‘week’ terms with ‘mix’ factors were also tested for 

within the time stratum of the ANOVA. Response variables for these analyses included the 

cover of individual species in single-species plots, the cover of Chloris plus its competitor in 

the mixed-species plots, and total cover in both single and mixed plots.

Prior to analysis, data were log transformed to determine whether the linear relationship 

between predictor and response variables and fire treatment was improved. Transformation
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did not improve these relationships and so untransformed data were analysed. All data 

presented graphically in this chapter are untransformed data. 

As argued in Chapter 4, split-plot ANOV A is an effective and acceptable form of repeated 

measures ANOV A where the intervals between sampling periods are relatively large (weeks, 

months, years). 

5.3 RESULTS 

5.3.1 Pre-scribed fire on established stands 

5.3.1.1 Foliage cover 

The foliage cover of Ectrosia, Eriachne and Pseudopogonatherum was substantially lower in 

the wet season after the controlled dry season fire than before the fire (Fig. 5.1 ). Pre-fire 

foliage cover of both Ectrosia and Eriachne was over 85% and twel ve months post-fire 

cover had reached about 52% for Ectrosia and 41 % for Eriachne. 

The cover of Pseudopogonatherum prior to fire was nearly 98% but no plants of this species 

were recorded post-fire. Consequently, it was not possible to collect post-fire cover or 

biomass data for this species. 
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Fig 5.1 Pre- and post-fire foliage % cover of two native perennial grasses Ectrosia 

leporina and Eriachne schultziana. Monthly rainfall (mm) at Jabiro airstrip is shown as 

a broken line against the secondary y-axis. 
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The difference between pre- and post-fire measurements of the various plant components 

varied between species. Of note were:

•  The average number of shoots produced by individual Ectrosia plant decreased from 

46+12 pre-fire to 26+26 post-fire (Fig. 5.2b), and the average number of dispersal units 

(uncorrected for purity) per plant decreased from about 41, 000 to 26, 000 (Fig. 5.2f).

•  Mean root dry weight per plant for Eriachne decreased from 7g pre-fire to about 2.5g 

post-fire (Fig. 5.2d).

5.3.1.2 Biomass
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Fig. 5.2 Pre- and post-fire measurements of various plant traits of two native perennial 

grasses, Ectrosia leporina and Eriachne schultziana. Vertical bars indicate ± standard 

error and numbers above bars in (a) indicate the number of plants that were sampled 

for each of the plant trait (a) to (f).
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Post-fire plants were generally smaller, and production of dispersal units was less than for 

pre-fire plants for both Ectrosia and Eriachne. Regression analyses showed that fire affected 

the slope of the relationship between tussock diameter and root weight (Table 5.1; Fig. 5.3a), 

and between tussock diameter and shoot weight for Ectrosia (Fig. 5.3b). The predictability 

of the relationships between these variables as measured by the R2 was also affected by fire. 

For Eriachne, fire affected the predictability of root weight from tussock diameter with the 

intercepts of the pre- and post-fire regression lines being significantly different but the slopes 

were similar (Fig. 5.4a). Fire also affected the predictability of the number of Eriachne 

dispersal units per plant as a function shoot dry weight (Fig. 5.4c). 
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Table 5.1 Parameters from linear regression models testing differences in slope and 

intercept o f regression equations that describe the relationships between root dry 

weight and tussock diameter, shoot dry weight and tussock diameter, and the number 

of seeds per plant and stem weight for burnt (B) and unburnt (U) populations of

Ectrosia and Eriachne.

Species Dependent

Variable

Fire.Predictor

(FP)

Predictor

Variable

Slope + 

SE

Constant 

+ SE

R2 P

Ectrosia Root Wt NS Tussock

Diam

0.055 ± 

0.43

-0.57 ± 

0 . 0 1 2

0.547 <0 .0 0 1

Ectrosia Shoot Wt F.P <0.001 Tussock

Diam

-0.991 ± 

0.16

-10.05 ± 

5.74

0.692 <0 .0 0 1

Ectrosia N dispersal 

units

NS ShootWt 1319 ± 

195

1693 ± 

5481

0.652 <0 .0 0 1

Eriachne Root Wt F.P <0.001 Tussock 

Diam (U)

0.0723 + 

0.008

4.51 ± 

0.358

0.941 <0 .0 0 1

Tussock 

Diam (B)

0.042 ± 

0 . 0 1 0

0.176 ± 

0.392

Eriachne Shoot Wt NS Tussock

Diam

0.773 ± 

0.07

-5.85 ± 

2.96

0.775 <0 .0 0 1

Eriachne N dispersal 

units

F.P <0.001 ShootWt (U) 27.44 + 

3.75

764+107 0.842 <0 .0 0 1

ShootWt (B) 39.82 ± 

3.25

110.3 ± 

89.2
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Table 5.1 Parameters from linear regression models testing differences in slope and 

intercept of regression equations that describe the relationships between root dry 

weight and tussock diameter, shoot dry weight and tussock diameter, and the number 

of seeds per plant and stem weight for burnt (B) and unburnt (U) populations of 

Ectrosia and Eriachne. 

Species Dependent Fire.Predictor Predictor Slope± Constant R2 p 

Variable (FP) Variable SE ±SE 

Ectrosia Root Wt NS Tussock 0.055 ± -0.57 ± 0.547 <0.001 

Diam 0.43 0.012 

Ectrosia Shoot Wt F.P <0.001 Tussock -0.991 ± -10.05± 0.692 <0.001 

Diam 0.16 5.74 

Ectrosia N dispersal NS ShootWt 1319 ± 1693 ± 0.652 <0.001 

units 195 5481 

Eriachne Root Wt F.P<0.001 Tussock 0.0723 ± 4.51 ± 0.941 <0.00 1 

Diam (U) 0.008 0.358 

-
Tussock 0.042± 0.176± 

Diam (B) 0.010 0.392 

Eriachne Shoot Wt NS Tussock 0.773 ± -5.85 ± 0.775 <0.001 

Diam 0.07 2.96 

Eriachne N dispersal F.P <0.001 ShootWt (U) 27.44 ± 764 ± 107 0.842 <0.001 

units 3.75 

ShootWt (B) 39.82 ± 110.3± 

3.25 89.2 
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Fig. 5.3 The relationship between various plant traits of the native perennial grass 

Ectrosia leporina. (a) tussock diameter and root dry weight, (b) tussock diameter and 

shoot dry weight, and (c) shoot dry weight and the number of seeds per plant. Plants 

were sampled immediately prior to burning (open symbols) and 12 months after 

burning (closed symbols). See Table 5.1 for regression parameters. 
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Fig. 5.4 The relationship between various plant components of the native perennial 

grass Eriachne schultziana. (a) tussock diam eter and root dry weight, (b) tussock  

diam eter and shoot dry weight, and (c) shoot dry weight and the number of seeds per 

plant. Plants were sampled immediately prior to fire (open symbols) and 12 months 

after fire (closed symbols). See Table 5.1 for regression parameters.
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Fig. 5.4 The relationship between various plant components of the native perennial 

grass Eriachne schultziana. (a) tussock diameter and root dry weight, (b) tussock 

diameter and shoot dry weight, and (c) shoot dry weight and the number of seeds per 

plant. Plants were sampled immediately prior to fire (open symbols) and 12 months 

after fire (closed symbols). See Table 5.1 for regression parameters. 
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5.3.2 Unplanned fire on single species plots 

5.3.2.1 Cover of individual grasses 

The effect of fire on foliage cover varied significantly between the four species (p<0.001, 

Table 5.2a). Ectrosia cover decreased significantly (from 20% to IO%, Fig. 5.5) but the cover 

of neither Eriachne nor Pseudopogonatherum was significantly affected by fire (Table 5.2b) . 

Importantly, Eriachne maintained cover levels of 30-35% in the post-fire period (compared 

with 35-40% pre-fire), and was the species with the most rapid rate of recovery after 

defoliation (Fig. 5.5) . Pseudopogonatherum was slower to re-establish than Ectrosia and 

Eriachne (about 110 weeks versus about 95 weeks). In the wet season prior to fire (which 

was the second wet season of growth), the average cover of Chloris was 1.7% and in the wet 

season after fire, Chloris had virtually disappeared and had a cover of less than I%. 

Similarly, the cover of Dichanthium decreased from 1.2% pre-fire to less than 1 % post-fire. 

The perennial grasses regenerated by resprouting for basal buds and the annual 

Pseudopogonatherum regenerated via germination from the soil seed bank. 

The non-significant interaction between fire and week (Table 5.2a,b), shows that the rate at 

which foliage cover increased over the wet season prior to fire was not significantly different 

to the rate at which foliage cover increased in the wet season following fire. The non

significant interaction between species, fire and week shows that there was no difference 

between species in this respect. 
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Table 5.2(a) ANOVA results from single species fire trial comparing the combined  

foliage cover o f four perennial species - Ectrosia leporina, Eriachne schultziana, and 

Dichanthium sericeum, and Chloris gayana - before and after fire. Terms: ‘species’ 

represents the sown grass species; ‘fire’ com pares foliage cover in the wet season prior 

to fire and the wet season following fire; and ‘w eek’ tests the variation in cover between 

weeks within the pre-fire and post-fire wet seasons. **P<0.01, ***P<0.001

Source o f variation d.f. m . s. v. r. P

Spatial/plot stratum

species 3 6857.61 16.05 ***

residual 8 427.35 5.61

Time/fire stratum

fire 1 699.58 20.53 **

species*fire 3 306.13 9.19 **

fire*week 1 2 80.71 1.06 0.401

species*fire*week 36 92.78 1 . 2 2 0.216

residual 1 1 2 76.14

total 179 47488.98

Table 5.2(b) ANOVA results from single species fire trial comparing the foliage cover 

o f the annual native grass Pseudopogonatherum contortum  before and after fire. The 

term ‘fire’ com pares foliage cover in the wet season prior to fire and the wet season  

following fire; and the term ‘week’ tests the variation in cover between weeks within 

the pre-fire and post-fire wet seasons. ** = PcO.Ol, ***P<0.001

Source of variation d.f. m. s. v. r. P

rep 2 32.93 0.56 0.582

fire 1 92.01 1.56 0.228

fire * week 7 779.06 1.56 0.132

residual 18 59.01

total 29 2633.87
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Table 5.2(a) ANOVA results from single species fire trial comparing the combined 

foliage cover of four perennial species - Ectrosia leporina, Eriachne schultziana, and 

Dichanthium sericeum, and Chloris gayana - before and after fire. Terms: 'species' 

represents the sown grass species; 'fire' compares foliage cover in the wet season prior 

to fire and the wet season following fire; and 'week' tests the variation in cover between 

weeks within the pre-fire and post-fire wet seasons. **P<0.01, ***P<0.001 

Source of variation d.f. m.s. v. r. p 

Spatial/plot stratum 

species 3 6857.61 16.05 *** 

residual 8 427.35 5.61 

Time/fire stratum 

fire 699.58 20.53 ** 

species*fire 3 306.13 9.19 ** 

fire*week 12 80.71 1.06 0.401 

species *fire*week 36 92.78 1.22 0.216 

residual 112 76.14 

total 179 47488.98 

Table 5.2(b) ANOVA results from single species fire trial comparing the foliage cover 

of the annual native grass Pseudopogonatherum contortum before and after fire. The 

term 'fire' compares foliage cover in the wet season prior to fire and the wet season 

following fire; and the term 'week' tests the variation in cover between weeks within 

the pre-fire and post-fire wet seasons. ** = P<0.01, ***P<0.001 

Source of variation d.f. m.s. v. r. p 

rep 2 32.93 0.56 0.582 

fire 92.01 1.56 0.228 

fire * week 7 779.06 1.56 0.132 

residual 18 59.01 

total 29 2633 .87 
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Fig. 5.5 Foliage cover of four native grasses Ectrosia leporina, Eriachne schultziana, 

Dichanthium sericeum and Pseudopogonatherum contortum, and an introduced grass, 

Chloris gayana, in wet seasons before and after fire. All species were hand sown in 

single species plots at 10kg ha·1
• Dashed lines either side of the time of fire indicates the 

period over which there was no l!IOnitoring. 
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5.3.2.2 Cover o f  other plant groups

Total cover (comprising all grasses, forbs and sedges) and total forb cover were significantly 

affected by fire both in plots sown with perennial grasses (PcO.Ol & PcO.OOl, Table 5.3a) 

and in plots sown with the annual Pseudopogonatherum  (P<0.05 & P<0.01, Table 5.3b).

The effect of fire on total cover (P<0.05) and on total forb cover (PcO.Ol) varied 

significantly with the sown grass species (Table 5.3a). Total cover was lower after fire in 

plots sown with Ectrosia, Eriachne or Dichanthium , but was higher after fire in plots sown 

with Pseudopogonatherum  or Chloris (Fig. 5.6). Total cover decreased by about 20%  in 

Ectrosia and Eriachne plots and by about 30% in Dichanthium plots. In 

Pseudopogonatherum  plots, total cover increased by about 30%, and in Chloris plots it 

increased by 20%. The increase in plots sown with these two species was due to an increase 

in the cover o f introduced forbs, namely Alysicarpus vaginalis (buffalo clover) and the 

introduced legume Stylosanthes hamata (verano).

There was also a significant difference in total cover (PcO.Ol) and total forb cover (PcO.OOl) 

between weeks within the pre and post-fire wet seasons in perennial grass plots (significant 

fire x week interaction, Table 5.4a). This difference, however, did not vary between plots 

sown with different grasses (species x fire x week interaction was non-significant). That is, 

there was a significant increase in forb cover post-fire for all sown grass plots.
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5.3.2.2 Cover of other plant groups 

Total cover (comprising all grasses, forbs and sedges) and total forb cover were significantly 

affected by fire both in plots sown with perennial grasses (P<0.01 & P<0.001, Table 5.3a) 

and in plots sown with the annual Pseudopogonatherum (P<0.05 & P<0.01, Table 5.3b). 

The effect of fire on total cover (P<0.05) and on total forb cover (P<0.0 I) varied 

significantly with the sown grass species (Table 5.3a). Total cover was lower after fire in 

plots sown with Ectrosia, Eriachne or Dichanthium, but was higher after fire in plots sown 

with Pseudopogonatherum or Chloris (Fig. 5.6). Total cover decreased by about 20% in 

Ectrosia and Eriachne plots and by about 30% in Dichanthium plots. In 

Pseudopogonatherum plots, total cover increased by about 30%, and in Chloris plots it 

increased by 20%. The increase in plots sown with these two species was due to an increase 

in the cover of introduced forbs, namely Alysicarpus vagina/is (buffalo clover) and the 

introduced legume Stylosanthes hamata (verano). 

There was also a significant difference in total cover (P<0.01) and total forb cover (P<0.001) 

between weeks within the pre and post-fire wet seasons in perennial grass plots (significant 

fire x week interaction, Table 5.4a). This difference, however, did not vary between plots 

sown with different grasses (species x fire x week interaction was non-significant). That is, 

there was a significant increase in forb cover post-fire for all sown grass plots. 
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Table 5.3(a) P values from ANOVA testing the effect of fire on total foliage cover (all 

grasses + forbs + sedges) and total forb cover. Plots were sown with one of four 

perennial grasses, Ectrosia leporina, Eriachne schultziana, Dichanthium sericeum or 

Chloris gayana. Terms: 'species' represents the sown grass species; 'fire' compares 

foliage cover in the wet season prior to fire and the wet season following fire; and 

'week' tests the variation in cover between weeks within the pre-fire and post-fire wet 

seasons. *P<0.05, **P<0.01, ***P<0.001 

Source of variation d.f. P values for P values for 

total cover forb cover 

Spatial/plot stratum 

species 3 0.452 0.097 

residual 12 

Time/fire stratum 

fire l ** *** 

species *fire 3 * ** 

fire*week 12 ** *** 

species *fire*week 36 0.760 0.631 

residual 112 

total 179 

Table 5.3(b) ANOVA results testing the effect of fire on total foliage cover (all grasses 

+ forbs + sedges) and total forb cover in plots sown with Pseudopogonatherum. Terms: 

'fire' compares foliage cover in the wet season prior to fire and the wet season following 

fire; and 'week' tests the variation in cover between weeks within the pre-fire and post

fire wet seasons. *P<0.05, **P<0.01, ***P<0.001 

Source of variation d.f. Total cover Total forbs 

rep 2 *** *** 

week J ns ns 

fire 1 * ** 

fire*week 7 0.205 0.062 

residual 18 

total 29 
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Fig. 5.6 Mean total cover (grasses + forbs + sedges) and mean forb cover in the wet 

season prior to fire and wet season after fire in plots sown with one of five grass species. 

Narrow vertical bars indicate + one standard error. “T’? indicates total cover bars and 

“F” indicates forb cover bars.
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Fig. 5.6 Mean total cover (grasses + forbs + sedges) and mean forb cover in the wet 

season prior to fire and wet season after fire in plots sown with one of five grass species. 

Narrow vertical bars indicate+ one standard error. "T'1 indicates total cover bars and 

"F'' indicates forb cover bars. 
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5.3.3 Mixed species plots 

5.3.3.1 Chloris plus native species 

The mean foliage cover of Chloris across all mixed species plots was significantly affected 

by fire (P<0.001, Table 5.4a) but the effect varied depending on which native species Chloris 

was sown with (P<0.001; Table 5.4b). Chloris cover decreased after fire where it was sown 

with a perennial grass (Fig. 5.7a, b, c), but there was no significant effect where it was sown 

with the annual Pseudopogonatherum (Fig. 5.7d). 

Fire did not affect the cover of Ectrosia, Dichanthium, or Pseudopogonatherum but the 

cover of Eriachne increased from 11 % pre-fire to 26.5% post-fire. Towards the end of the 

wet season prior to fire, the cover of Chloris and its competitor was similar except for where 

Chloris was sown with Pseudopogonatherum, in which case the latter had higher cover. In 

the wet season following fire each of the native species had higher cover than Chloris but the 

difference was not significant. 
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Table 5.4(a) ANOVA results testing the effect of fire on % cover of Chloris where it 

was sown in a two species mix with Ectrosia, Eriachne, Dichanthium  or 

Pseudopogonatherum. Terms: ‘week’ tests the variation between weeks within the pre

fire and post-fire wet seasons. **P<0.01, ***P<0.001

Source of variation d.f. m. s. v. r. P

Spatial/plot stratum

mix 3 191.85 1.78 0.291

residual 8 108.03 3.45

Tim e/fire stratum

fire 1 1240.31 39.62 ***

mix*fire 3 195.48 6.24 **

fire* week 8 22.76 0.73 0.667

mix*fire*week 24 13.18 0.42 0.985

residual 72 31.3

total 119

Table 5.4(b) ANOVA results testing the effect of fire on foliage cover o f four species 

mixes, Chloris with Ectrosia, Eriachne, Dichanthium  or Pseudopogonatherum. The 

effect of fire was measured as the combined foliage cover of both species. The term  

‘week’ tests the variation between weeks within the pre-fire and post-fire wet seasons. 

**P<0.01, ***P<0.001

Source o f variation d.f. m. s. v. r. P

Spatial/plot stratum

mix 3 1074.51 2.91 0.165

residual 8 369.44 8.54

Tim e/fire stratum

fire 1 597.69 13.82 ***

mix*fire 3 420.73 9.73 ***

fire*week 8 134.47 3.11 **

mix*fire*week 24 36.68 0.85 0.659

residual 72 43.24

total 119
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Fig. 5. 7 Pre- and post fire foliage cover of grasses that were sown in a two species mix 

of Chloris (closed symbols), an introduced grass, and one of four native grasses (open 

symbols). Week on the x-axis indicates weeks since sowing. WSl = wet season prior to 

fire and WS2 = wet season after fire. Broken lines either side of fire indicates that no 

. monitoring occurred during that period. 
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5.3.3.2 Cover o f  other plant groups

Fire did not significantly affect total cover (all grasses + sedges + forbs) (P<0.05, Table 5.5). 

However, the effect of fire on total cover varied significantly between plots sown with 

different mixes as shown by the mix x fire interaction (P<0.05, Table 5.5). Total cover 

decreased by 9% in plots sown with the Chloris and Ectrosia (Fig. 5.8a) mix and by 6% in 

plots sown with the Chloris and Dichanthium  mix (Fig. 5.8c). In plots sown with Chloris and 

Eriachne (Fig. 5.8b) and Chloris and Pseudopogonatherum  (Fig. 5.8d) mixes, total cover 

increased by 1% and 15% respectively.

Fire had a significant overall effect on forb cover (Table 5.5), but there was no fire x mix 

interaction. Total forb cover in plots sown with Chloris and Ectrosia (Fig. 5.8a) and Chloris 

and Eriachne (Fig. 5.8b) mixes varied little between pre-and post-fire. However, in plots 

sown with the Chloris and Pseudopogonatherum  mix (Fig. 5.8d), forb cover nearly doubled 

from about 20% to about 40%. Forb cover also increased in Chloris and Dichanthium  plots 

(Fig. 5.8d) but only by about one quarter.

The rate of re-establishment of both total cover and total forb cover was significantly higher 

in the wet season after fire as shown by the significant fire x week interaction (P<0.01). This 

was due to a combination of the rapid establishment of introduced forbs (Fig. 5.8), and the 

regeneration of perennial grasses from established root systems within a couple of weeks of 

fire. As for the single species plots, fire appeared to encourage establishment of introduced 

forbs especially where grass cover was reduced. The average cover of grasses over the wet 

season after fire decreased for all seed mixes except for Eriachne, and the cover of 

introduced forbs after fire increased substantially except where Eriachne was sown. The 

most common introduced forb species recorded was Alysicarpus vaginalis (buffalo clover). 

Plate 5.1 shows the trial area at the beginning of the dry season prior to fire, about a week 

after the fire in October, and at the beginning of the subsequent wet and dry seasons.
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Table 5.5 ANOV A results testing the effect of fire on total cover (all grasses + sedges + 

forbs) and total forb cover in plots sown with a two species mix of Chloris gayana with 

Ectrosia leporina, Eriachne schultziana, Dichanthium sericeum or Pseudopogonatherum. 

'week' tests the variation between weeks within the pre-fire and post-fire wet seasons. 

*P< 0.05, **P<0.01, ***P<0.001 

Source of variation d.f. Total cover Total forbs 

Spatial/plot stratum 

m1x 3 0.953 0.707 

residual 8 

Time/fire stratum 

fire I 0.955 * 

mix*fire 3 * 0.073 

fire *week 8 ** ** 
mix *fire *week 24 0.484 0.623 

residual 72 

total 119 
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Fig. 5.8 Mean % total foliage cover, mean grass cover, mean total forb cover and 
mean introduced forb cover in the wet season prior to burning and the wet season after 
burning. Three replicate plots were sown with the introduced grass species Chloris 
gayana  and one of four native grasses: (a) Ectrosia leporina, (b) Eriachne schultziana, 
(c) Dichanthium sericeum , and (d) Pseudopogonatherum contortum. Bars indicate 
standard error. Note different scale on the y-axis in (d).
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Plate 5.1 Plots that were sown with grasses in December 1998 and 

burnt by unplanned fire in September 1999.
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5.4 DISCUSSION

Fires in the savannas of the Top End of the NT are frequent. Prescribed early dry season and 

early wet season burning are important components of fire management in the region, and 

indeed across all of northern Australia. In the Alligator Rivers Region, 55% of savanna 

regions were burnt annually from 1980 to 1994 (Russell-Smith et al. 1997). Thus, 

revegetation areas are likely to be burnt at some stage during their development, either 

intentionally for fuel management or accidentally by unplanned fire. To ensure that 

revegetation does not fail, it is important that species develop fire tolerance in the early 

stages of ecosystem development.

The morphology and growth cycle of perennial grasses in general endows them for 

resistance to fire. Perennating organs are usually close to or below the ground surface where 

they are least affected by fire (Moore 1964). In tussock grasses, tiller initials are placed at or 

above ground level where they are protected by persistent leaf sheaths in a basal tuft (Bond 

and van Wilgen 1996). Grasses are thus able to resprout following defoliation. Ectrosia and 

Eriachne regenerated after both the planned and unplanned fires by resprouting, producing 

new tillers from protected buds at the base of the tussock. Recovery of Chloris and 

Dichanthium was poor after fire. Cover of these two species was extremely low prior to fire 

(less than 2%) and populations were virtually eliminated by fire. This indicates that pre-fire 

population levels of species can have a strong bearing on the recovery from fire.

While grasses in general have adaptive mechanisms that allow them to cope with individual 

fires (Gill 1981; Lunt and Morgan 2002), grass species may respond differently to the same 

fire regime. Fire regime is the term used to describe the combination of frequency, season 

(timing) and intensity of fire (Bond and van Wilgen 1996). Fire timing, both in terms of 

phenology and time elapsed after seedling establishment, can determine the success or 

failure of a particular cohort of seedlings. If plants are burnt before developing sufficient fire 

tolerance or establishing a seed bank, populations may be eliminated. If such fires occur on
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recently revegetated areas, revegetation programs could be seriously impeded. A study in 

South African tall grassveld tested the effects of both fire season and fire frequency (Le 

Roux 1989). Themeda triandra increased after short term fire intervals while Tristachya 

leucothrix increased with long intervals. The same two species also responded differently to 

fire season. Themeda cover decreased after autumn fires at the end of the growing season 

relative to winter (dry season), or spring (early growing season) fires. In contrast, Tristachya 

increased after autumn fires and decreased after winter fires. In northern Australia, dry 

season burning generally has little effect on the dry weight of perennial and annual grasses at 

the end of the following wet season (Mott & Andrew 1985). However, wet season fires that 

occur before seed fall can potentially eliminate annual grass species such as Sorghum 

(Stocker and Sturtz 1966; Lonsdale et al. 1998). 

The annual Pseudopogonatherum effectively showed two responses to individual fires . It 

failed to re-establish after the prescribed early dry season fire, in contrast to the perennial 

species Eriachne and Ectrosia. The occurrence of Pseudopogonatherum across the region 

where fires are common, however, suggests that the species is fire resilient. Some annual 

species such as sorghum have transient seed banks, that is, seeds are produced in one season 

and germinate in the following season and so there is no carry over soil seed store (Andrew 

and Mott 1983). Annual seed inputs to the population depend directly on annual production 

by established plants (Whelan 1995). In the current study, the early dry season fire occurred 

after seed set but prior to seed fall and so there was no seed input for that season. The failure 

of Pseudopogonatherum to re-establish suggests that it also has a transient seed bank and so 

fires that occur after germination but before seed drop are likely to have a dramatic impact 

on local populations. 

Although seed longevity for Pseudopogonatherum was over two years for seed that was 

stored under cool and dry conditions (see Chapter 3), viable seed life under natural 

conditions is likely to be substantially lower due to predation and decomposition. Ants can 

consume about 30% of annual seed production of Sorghum intrans (Andrew 1986b ). A low 
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proportion of germinable seeds, therefore, would remain in the soil at the end of the wet 

season.

Fire also kills seeds. Fire killed 38% of seeds of the annual Sorghum intrans (Watkinson et 

al. 1989). Disseminules of several grasses sown on the soil surface were destroyed by a 

savanna fire in Botswana (Ernst 1991). Fire destroyed seeds of Aristida junciform is , 

Heteropogon contortus, Panicum maximum, Sporoholus africanus and Themeda triandra 

placed on the soil surface in South Africa. However, when seeds were buried at 7-9mm, heat 

from a fire resulted in a decrease of T. triandra seed germination, an increase in H. contortus 

germination and no change for the other species (Zacharias e ta l. 1988).

In contrast to the early dry season planned fire, Pseudopogonatherum  did re-establish after 

the unplanned late dry season fire. Re-establishment of Pseudopogonatherum  after this fire 

was via germination from the soil seed bank. These plots had been sown only ten months 

prior to the fire but the population o f plants had flowered and set seed by the time of the fire, 

which was sufficient to maintain the population at the pre-fire level. That 

Pseudopogonatherum  has a transient seed bank indicates that re-establishment after the late 

dry season fire was from seed produced in the previous wet season rather than seed that was 

sown for revegetation two wet seasons prior to fire. Presumably, seeds were buried in the 

soil to a depth that prevented death by burning or heat. Thus, Pseudopogonatherum  is well 

adapted to dry season burning and sown populations can be burnt in the first dry season after 

sowing without significant impact on the seed bank, and hence cover, provided that fire 

occurs after seed dispersal and incorporation into the soil. Data from several compartments 

of the Kapalga fire experiment in Kakadu National Park showed that, where dominant, 

Pseudopogonatherum  persisted and maintained dominance in plots that were burnt annually 

in the dry season (R J Williams, pers. comm. 2001).
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Eriachne showed a higher level of recovery in terms of foliage cover after the late dry season 

fire than after the early dry season fire , despite the late dry season fire being of relatively 

high intensity (>4,000 kw m-1
) , about four times the intensity of the early dry season fire . 

The reasons for this apparent contradiction are unclear but the type of burn may have been 

important. Backfires, as in the case of the early burn, release heat energy close to the ground 

and, therefore, at the site of basal buds. Headfires are faster and burn hotter higher in the 

vegetation (Trollope I 978; Cheney and Sullivan 1997). Moreover, perennial grasses may 

still be growing in the early dry season, and the foliage and tussock base may be vulnerable 

to prolonged heat because of the relatively high moi sture content. The impact of slow 

moving fires at a time when grasses may still be growing has obvious implications for fire 

management plans. Frequent wet season burns or very early dry season burns may lead to a 

decline in both annual and perennial grass populations. The impact of fire timing and 

intensity in relation to grass phenology, especially in rehabilitation areas, is clearly an area 

that requires further investigation. In the absence of such information, however, fire should 

be relatively infrequent to ensun; that grasses have sufficient time to recover between fire 

events and that the stability of the site is maintained. 

The cover of Ectrosia after both early and late dry season fires was reduced, especially 

following the late fire . Although individual plants were not monitored for survival, the 

significant reduction in foliage cover of Ectrosia suggests that some tussocks were damaged 

or killed by fire and/or, as occurred with the early dry season fire , plants produced less 

shoots and consequently lower shoot biomass. The effect of both fires on biomass and 

foliage cover indicates that Ectrosia is less tolerant of fire than Eriachne. The survival of 

perennial grass communities depends on survival of long-lived individual tussocks. For 

example, near Katherine, 300 km south of Darwin (rainfall 950mm), Mott and Andrew 

(1985) found no recruitment of new plants from seedlings into unburnt or biennially burnt 

stands of Themeda triandra, and no viable seed of Dichanthium f ecundum over a two year 
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period. Both of these tropical perennial grasses had low seedling survival and low numbers 

of viable seed, but persisted due to long-lived tussocks surviving.

Other grasses and especially aggressive forbs are usually quick to invade disturbed areas and 

fill the spaces left by the removal of other plants. Introduced forb species invaded the plots 

that were burnt by the unplanned late dry season fire and accounted for over 10% of total 

foliage cover in most plots. Alysicarpus vaginalis (buffalo clover) was the dominant invader 

and Stylosanthes hamata (stylo) was also common. Both of these species had been used for 

revegetation in previous years on the Ranger lease (Armstrong 1986), and were present in 

the area prior to establishment of the trial (pers. obs). Both of these species are legumes, the 

hard seeds of which are stimulated to germinate by fire.

Fire can increase the likelihood of invasions (Christensen and Burrows 1986) by removing 

the plant canopy and often increasing soil nutrients in the short term (Hobbs and Huenneke 

1992). Fire may leave the soil bare and leave open sites for the establishment of species from 

the buried germinable seed bank (Odgers 1996). Lunt (1990) suggested that fire promoted an 

invasion by exotic species from the soil seed bank of grassland areas by providing sites for 

their establishment. However, not all fires result in invasions, and in some cases, invasion 

may only eventuate where fire occurs in conjunction with some other type of disturbance 

such as soil disturbance or nutrient input (Hobbs and Huenneke 1992). The soil surfaces of 

the trial plots had been ripped and raked prior to sowing, fertiliser had been applied at the 

time of sowing and the plots were completely burnt about two years after sowing. The 

interaction of these factors, and that introduced species were already present in the area, set 

up a situation where an invasion was highly likely to happen. These interactions are an 

important consideration for management o f rehabilitation areas where there has been 

substantial soil disturbance such as on minesites and roadsides.
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Overall, Eriachne proved to be the most fire-resilient of the native species because it 

recovered well (essentially to pre-fire levels of cover) following both early dry season 

controlled burning of established stands and from the late dry season unplanned fire in the 

sown plots. Ectrosia and Pseuodopogonatherum  also demonstrated relatively strong fire 

tolerance, via resprouting in the case of Ectrosia and via the rapid development of a soil seed 

bank in the case of Pseuodopogonatherum.

The recovery of Eriachne, Ectrosia and Pseuodopogonatherum  after a fire that occurred 

when plants of the perennial species were less than two years old and plants of the annual 

Pseuodopogonatherum  were less than one year old, demonstrated that areas sown with these 

species can recover from fire that occurs in the early stages of ecosystem development. 

However, to ensure that the progress of rehabilitation is not retarded and that the risk of 

weed invasion is minimised, fire could be excluded from rehabilitation areas for at least three 

growing seasons or for about 30 months after sowing. This will not only ensure the survival 

of the sown grasses, it will also allow voluntary establishment o f other native forbs and 

grasses, which will increase biodiversity, and accelerate the development of ecological 

processes and ecosystem function.
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6.1 INTRODUCTION

Despite the fundamental role that native grasses play in ecosystem function and 

sustainability (Humphreys et at. 1991; Foreman 1995; Coates and van Leeuween 1996), and 

their invaluable contribution to biodiversity, these species have been little used for 

revegetation of disturbed areas in tropical Northern Territory, or indeed northern Australia. 

This is primarily because relatively little is known about their germination behaviour, 

establishment techniques and their resilience to disturbances when direct seeded on bare soil. 

This paucity of knowledge, and the low and unreliable commercial availability of seed of 

native grasses, means that the risk of revegetation failure is substantially higher than the risk 

of using introduced grasses that have been used for revegetation in the past. On minesites, 

however, using introduced grasses is often in conflict with the rehabilitation objective of 

creating a native ecosystem. Further, introduced grasses may also become weed problems. 

Consequently, the requirement for ongoing management o f  revegetation areas will be 

increased.

To increase successful re-establishment of native grasses on degraded areas, it is critical that 

land managers improve their understanding of native grass biology and ecology, especially 

in the context of land rehabilitation. Such understanding and subsequent revegetation 

successes will increase confidence in using native grasses and lead to accelerated growth of 

the native grass industry.
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This study addressed gaps in the knowledge on morphology, germination, establishment and 

resilience of some tropical native grasses, and assessed their potential for revegetation at 

Ranger Mine in the NT near Jabiru. The primary reasons for undertaking the study were: 

I. Morphology and structure - understanding the morphology and structure of a species and 

the characteristics of its dispersal units will assist to determine its suitability for use in 

various situations, for example as species to control erosion, to enhance biodiversity or 

as cattle fodder. 

2. Germination - knowledge on germination characteristics of revegetation species, 

including dormancy, germinability, optimum sowing age and seed longevity, is essential 

to maximise establishment of effective vegetation cover. 

3. Establishment and growth - information about factors that affect establishment and 

growth of grasses, such as sowing rate and fertiliser, are required to expedite 

development of vegetation cover and to develop cost effective rehabilitation techniques. 

4. Resilience - it is important that, once established, sown grasses are resilient to local 

di sturbances such as fire and dry season drought, so that cover is maintained, 

populations are self-sustaining and minimal ongoing management is required. 

These attributes were evaluated for Ectrosia leporina and Eriachne schultziana, two local 

native perennial species, Pseudopogonatherum contortum, a local native annual species, 

Dichanthium sericeum, a perennial grass which is native to the area but is not as common as 

the aforementioned species, and Chloris gayana, an introduced perennial grass. The findings 

and strategies developed from thi s study also have applications to other tropical grass 

species in the Top End and in other regions of northern Australia. 
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6.2 FINDINGS OF THIS STUDY

The overarching conclusion from this study is that using tropical native grasses for 

revegetation is a viable alternative to using introduced grasses. Native grasses are more 

capable of forming self-sustaining populations and thus require minimal ongoing 

management compared with introduced species. The overarching recommendation from this 

study is simply that native grasses should be used in place of introduced grasses wherever 

possible. Native grasses can be used for revegetating disturbed areas that have been used for 

a range of land uses such as minesites, roadsides, borrow pits, quarries and on pastoral land.

The major findings of this study were:

1. Eriachne and Ectrosia are well suited for revegetation because they have perennial 

tussocks and so would provide higher protection against erosion than annual grasses, 

generally provide moderate to high vegetation cover, and. produce large amounts of seed 

annually. Pseudopogonatherum  has limited use for revegetation where erosion control is 

important because young plants are single stemmed and have low biomass. Protection of 

the soil surface by this species would be substantially lower than the protection provided 

by plants of the perennial grasses such as Eriachne and Ectrosia.

2. Ectrosia would be the most suitable species for revegetation of areas where low height 

and biomass are desirable features, such as along roadsides and firebreaks.

3. Young Ectrosia  plants contained sufficient nutrient concentrations to be useful fodder 

but its palatability and susceptibility to grazing pressure are unknown. Chloris was of 

similar value in terms of nutrition but may be more tolerant of grazing because its stem 

and leaf structure was more robust.

4. Eriachne had high seed purity (73%) compared with Ectrosia (46%), Dichanthium  

(38%), Chloris (22%) and Pseudopogonatherum  (15%).
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5. Germination of the four native grasses (60-80%) was significantly higher than that of the 

introduced Chloris ( 42% ). 

6. Most seed of all species germinated within seven days. 

7. Germination for a given spec ies varied between seed collected in different years. 

8. Temperature had a significant effect on germination. Germination was highest between 

20°c and 35°C, with negligible germination at I 5°C and 40°C. Ectrosia and Eriachne 

had maximum germination from 30°C to 35°C, Dichanthium and Chloris had maximum 

germination from 20°C to 30°C and Pseudopogonatherum had maximum germination 

from 20°C to 25°C. Ectrosia and Eriachne seeds are likely to be tolerant of higher soi l 

temperatures than the other species. 

9. Seed of Ectrosia, Eriachne and Dichanthium was dormant for about six months after 

collection and Pseudopogonatherum was dormant for two to three months. Ectrosia and 

Eriachne achieved maximum germination at about 30 months, Dichanthium at about 18 

months and Pseudopogonatht;rum at about 12 months. 

I 0. Dormancy in young seed was not broken by high temperature, smoke treatment or de

husking (except for de-husking in Eriachne). 

11 . The effect of smoke treatment on germination in older non-dormant seed varied between 

species. 

12. Viable seed life of the local native species was substantially longer than for 

Dichanthium and Chloris. Ectrosia and Eriachne can be stored for up to four years and 

still maintain over 50% germinability. Pseudopogonatherum can be stored for over three 

years and maintain 70% germinability. Dichanthium germination decreased markedly 

after about 18 months and Chloris had relatively low levels of germination throughout 

its seed life of over four years. 

13. All species, except Dichanthium, established successfully. The native perennial s, 

Ectrosia and Eriachne achieved 40-60% cover and the annual Pseudopogonatherum 
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achieved 24% cover. Cliloris cover peaked at 46% (with fertiliser). Dichanthium  

sericeum  has low potential for revegetation and soil conservation on soils other than 

black clay. Thus, this species is not suitable for revegetation of minesites.

14. The local native perennial species, Ectrosia and Eriachne did not respond to fertiliser. In 

contrast, Chloris required fertiliser to establish comparable cover to the native species. 

The native species maintained a constant level of cover through the wet season while 

Chloris cover decreased dramatically from ten weeks after sowing. The annual 

Pseudopogonatherum  also responded positively to fertiliser in the initial phases of 

establishment but the level of cover in fertilised and unfertilised plots was similar by the 

end of the wet season.

15. The local perennial native grasses recovered from dry season drought whilst Chloris and 

Dichanthium  did not.

16. Ectrosia, Eriachne and Pseudopogonatherum  tolerated fire late in the first dry season 

after sowing. However, a fire that occurred early in the dry season, prevented the re

establishment of an established stand of Pseudopogonatherum  in the following wet 

season. This fire occurred before seed fall.

17. There were no clear benefits of sowing a combination of a native grass or grasses and 

Chloris gayana, and fertiliser was required to establish rapid and sufficient cover of 

Chloris.

Based on these finding, Eriachne has the best potential of the four native species for

revegetation because it has a relatively robust structure, high “seed” purity and germination,

an ability to establish a relatively high level of cover, and strong resilience to disturbance.
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6.3 SPECIFIC STRATEGIES FOR REVEGETATION USING 

ECTROSIA, ERIACHNE AND PSEUDOPOGONATHERUM 

The results of this study have highlighted a number of critical aspects in relation to 

germination, establishment and growth of these native grasses that have implications for 

developing strategies to achieve effective revegetation using native grasses. 

I. Seeds can be stored for several years and still maintain high levels of germination. Thus, 

seed need not be collected every year. This will ensure that local grass populations do 

not decline in abundance. Collection can target years of relatively high seed production 

so that seed collecting effort is optimised and seed reserves are not seriously depleted in 

any one year. 

2. Sowing rates for each species need to be adjusted to account for variation in: 

• Seed size between species. For example, the sowing weight per unit area of 

Eriachne should be 2.5 limes that of Pseudopogonatherum 

• Germination between species, and between different seed lots of a given species 

• The number of dispersal units that contain a fully developed caryopsis. (i.e. purity) 

• Unprocessed material that is harvested and sown with trash (stalks and other 

vegetative material). This will most often be the case for seed that was mechanically 

harvested and not processed to remove miscellaneous material. 

Taking the first three factors into consideration, Ectrosia and Eriachne would be the most 

efficient and economical species to use. They both had high germination (>65% ), purity of 

Ericahne was high (73%), purity of Ectrosia was lower (46%) than Eriachne but because 

each plant produces over 4,000 dispersal units, collection time would be short compared 

with other species. 
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3. Seed of Ectrosia and Eriachne should generally be between 12 months and 30 months

old when sown, and seed of Pseudopogonatherum  should be between 8 months and 18 

months old when sown. Other tropical perennial and annual grasses are likely to have 

similar patterns o f germination and so, in the absence of species-specific germination 

data, these seed ages serve as a general guideline. Younger seed may germinate 

successfully but germinability varies between years and so the seed age guidelines given 

here are deliberately conservative. Germination-testing seed that comes from the seed lot 

to be sown will ensure that sowing rates can be corrected for germinability.

4. Seed of Eriachne can be de-husked to break dormancy and this technique could be used

when only young dispersal units are available for sowing. However, previous studies 

have shown that leaving husks around the caryopsis reduces the risk of physical damage 

during processing and sowing, and improves the probability of establishment success 

under marginal and unreliable moisture conditions (Loch 1993). De-husked dispersal 

units germinate more readily and under lower moisture conditions than husked dispersal 

units. Dispersal units processed to this degree, therefore, should only be sown where 

adequate soil moisture during early establishment can be guaranteed.

5. The growth of the native perennials Eriachne and Ectrosia was not significantly affected 

by fertiliser, but the growth of the annual Pseudopogonatherum  and the introduced 

Chloris was significantly increased by fertiliser. Many native grasses do not require 

fertiliser to enhance growth (Wilson and Haydock 1971; Silcock and Whalley 1974; 

W aters et al. 2000), but it may be useful in some situations to accelerate establishment 

of native annual forbs from the soil seed bank, as occurred in this study. Fertiliser should 

not be used where it increases the risk of invasion by undesirable introduced grasses and 

other herbs, or have off site impacts through being transported in runoff.

6. Eriachne, Pseudopogonatherum  and to a lesser extent, Ectrosia, are relatively fire 

tolerant after one to two wet seasons. However, despite the early development of fire 

tolerance in these species, and the ability to produce seed in the first growing season, the
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impact of frequent fires is unknown. To ensure that plants develop larger fire resistant 

tussocks and establish a healthy soil seed bank, fire should probably not occur more 

frequently than every two or three years in revegetation areas. Larger tussocks will 

increase soil surface stability and are especially important when fire , or other 

disturbances such as grazing and slashing, defoliate plants. 

Protection of developing ecosystems from fire will also allow other native species to 

colonise so that if and when fire does occur, the area will have enhanced ability to 

rapidly recover and thus will be less susceptible to weed invasion. Fire protection will 

also allow litter to accumulate, and promote nutrient cycling processes. After the initial 

period of fire protection, fire should not occur more frequently than biennially to ensure 

that populations remain viable. 

Fire timing in relation to reproductive phenology is critical for some species. For annual 

grasses such as Pseudopogonatherum, fire that occurs before seed falls and is buried in 

the soil, can potentially eliminate local populations because there is no residual soil seed 

bank . For perennial species, fires that occur before seed dispersal can also potentially 

reduce the size of the soil seed bank, although this was not investigated. 
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6.4 GENERAL GUIDELINES FOR REVEGETATION WITH 
NATIVE GRASSES

In addition to the species-specific strategies described above, there is a range of generic 

guidelines for selection, collection, storing and sowing of native grasses in northern 

Australia.

6.4.1 Species selection

For many mined areas, including Ranger, the rehabilitation objective is to develop 

sustainable and fully functional ecosystems with a level of biodiversity that is similar to 

surrounding natural areas. Using a mix of native grass species, predominantly perennial but 

also including annual species, will provide the basis for such a diverse understorey.

The choice of species is a fundamental component o f any revegetation program. Species 

selection will be influenced by factors such as terrain, and edaphic characteristics of the 

revegetation area, end land use and economic limitations. Another major consideration is the 

ecological rehabilitation objectives for the site. However, the achievement of rehabilitation 

objectives and post-mining land use may be constrained by environmental conditions. Thus, 

the end point for rehabilitation may ultimately be the realistically achievable rehabilitated 

condition rather than the ideal rehabilitated condition.

6.4.1.1 Site environm ental conditions

Species that are growing under similar edaphic conditions and on similar terrain (surface 

roughness and slope) to that which exists in the area to be revegetated are more likely to 

successfully establish and persist than species growing under conditions that are dissimilar 

to the revegetation site. For example, local species that have been observed to grow along 

roadsides where there is an absence of topsoil and where moisture retention and nutrient 

cycling capacity are generally low, are likely to be tolerant of the same edaphic and terrain 

conditions in a revegetation situation. In this study, Eriachne, Ectrosia and 

Pseudopogonatherum  were selected on the basis of their demonstrated ability to grow along
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roadsides where unfavourable edaphic conditions and human di sturbance factors make 

conditions difficult for plant growth . Eriachne, and to a lesser extent Ectrosia, were selected 

also because they have robust perennial tussocks that are likely to be relatively resistant to 

di sturbance. 

It is also important to consider human controlled di sturbance factors such as grazing 

pressure, fire regime (timing and frequency) and slashing. For example, grasses on roadsides 

that are subject to regular slashing need to possess the ability to resprout, especially if 

slashed before seed set, and be able to maintain an effective level of cover. Such grasses are 

also likely to be relatively tolerant of fire and grazing. 

When selecting native grass species for revegetation of pastures, species that are intended for 

grazing need to have acceptable levels of nutrients and digestibility and be palatable to 

stock. Whilst nutrients and digestibility can be easily determined by laboratory analyses, 

palatability can only be determined by observations on grazing behaviour. When 

revegetating pastoral land for uses other than grazing, such as erosion control, it would be 

wise to use species that are not palatable to stock, or a mix of palatable and unpalatable 

species, to ensure areas are not overgrazed. 

6.4.1.2 Growth habit 

Often, the first objective for revegetation is to establish plant cover to stabilise the soil 

surface to prevent erosion. Perennial grasses are usually more effective than annual grasses 

for surface stabilisation because they possess a perennial tussock that binds the soil. The 

tussocks of perennial grasses exert a strong influence on the transfer of material across the 

landscape. They trap litter and sediment contained in runoff water and become nutrient rich 

areas that form the framework of a sustainable ecosystem. Controlling and containing runoff 

also minimises erosion and loss of resources from the system (Tongway and Ludwig 1997). 

Where excessive grazing or stock activity is contributing to erosion, rhizomatous and 

stoloniferous grasses may be necessary to provide the level of ground cover needed to 
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reduce the risk of erosion (Cook and Clem 2000). Depending on the sensitivity of the area, it 

may be wise to use only unpalatable species. Sensitive areas would include river banks or 

slopes, which are relatively susceptible to erosion.

6 .4 .2  Seed (d ispersal u n it) co llectin g

6.4.2.1 Provenance

Provenance is usually defined as the geographic place of origin of a population of seed of 

plants, or as the population of plants growing at a particular geographic location (Tumbill 

and Griffin 1986). Plants that establish from provenance seed may be better adapted to local 

conditions than plants that establish from seed of the same species that was purchased 

commercially and/or was collected from another region (Harwood 1990).

The problem associated with provenance seed collection for large scale land rehabilitation is 

that it is difficult and costly to collect adequate quantities of viable seed from a relatively 

small and restricted area (Coates and van Leeuwen 1996). While provenance seed may be 

ideal, there is a high degree of intra-specific variation in grasses and the importance of using 

provenance seed has not been established (W aters and Monsen 1999). It has been suggested 

that, due to practical difficulties of accessing provenance seed in many regions, a system 

based approach on biological and biogeographical information is a sensible alternative (Loch 

and Whalley 1997). That is, plants of a species growing under similar conditions and with 

similar biological attributes as plants of that species that are growing close to the 

revegetation area are likely to have similar potential for revegetation (also refer to 6.4.1.1). 

Morphological similarity and location are very important considerations because the same 

species growing in a similar habitat but at different locations can vary considerably in 

morphology and, therefore, in suitability for revegetation of a given area.

Ectrosia leporina has a wide distribution across the Alligator Rivers Region and northern 

Australia (Simon and Latz 1994), and often grows in monospecific stands on disturbed areas 

such as roadsides. Thus, collection of provenance seed of this species would generally not be
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difficult . Further, Ectrosia plants produce an average of 4,000 seeds on roadside 

environments, and potentially more under more favourable conditions. Hence, significantly 

fewer plants would be required to collect one kilogram of seed compared with Eriachne 

schultziana, which produces only about 680 seeds per plant under roadside environments. 

Eriachne has a more limited di stribution (Simon and Latz 1994), and occurs mainly in the 

Alligator Rivers Region. Thus, collection of large amounts of seed of this species is likely to 

be more difficult and time consuming than collection of Ectrosia seed. For smaller volumes 

of seed, however, Eriachne has a relatively high return on effort because it has high seed 

purity and high germinability. 

6.4.2.2 When to collect 

Rainfall (Brennan 1996b) and fire (Brennan 1996b; Setterfield 1997) are the most important 

influences on timing of seed production of herbaceous vegetation in Top End savannas. 

Flowering and fruiting of herbaceous species in the Top End is largely confined to the wet 

season with the greatest activity occurring in March (Chandrasekaran et al. 1994; Brennan 

1996b). Fires, many intentionally lit for fuel reduction, may stimulate flowering of some 

herbaceous species during mid dry season months (Brennan 1996b ). The clash of early dry 

season fires and seed collecting periods presents another challenge for seed collectors, 

especially grass seed collectors. 

The seeding period of the native grasses evaluated in this trial was generally mid-April to 

late May for the perennial grasses, Ectrosia and Eriachne, and about mid-March to late

April for the annual Pseudopogonatherum. Chloris, the introduced perennial grass, seeded 

earlier than the native perennials, in about late March to April. Seed production for this 

species was relatively uniform so that the time period for collection of mature seed was 

narrower than for the native perennial species. Seeds on each flower head ripen gradually 

and unevenly, and so it will often be possible to collect from the same site a few days apart 

(Brennan 1996b). 
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The timing of seed set o f native grasses varied spatially and was generally earlier in areas of 

lower soil moisture than in areas of higher soil moisture, such as roadside drains. Seed of 

Ectrosia and Eriachne for example, could be collected from low lying areas as late as 

August. Thus, the seed collection period for some native perennial grasses extends over 

several months. This temporal and spatial variation in regularity and intensity of fruit 

production (Hinz 1990; Brennan 1996b), means that frequent field observation of target 

grasses is critical.

Annual species rely on annual seed production to maintain populations. The germination of 

much of the soil seed bank of annual grasses each wet season has several implications for 

seed collection. The seed banks originate mainly from inputs of seed from the previous year 

rather than a build-up over several years. Also, seedling numbers are likely to be related to 

the number of seeds produced in previous years. Thus, if seed production is reduced, 

seedling numbers the following year are likely to be low (M clvor and Gardener 1991). The 

lack of a persistent seed bank can mean the rapid loss of species if all seed is harvested for 

one or two years. It is wise to harvest sufficient seed to provide a reserve supply for years of 

poor seed set, poor seed quality or when native stands are destroyed by fire prior to seed set. 

It will also allow native stands to replenish soil seed banks and so ensure persistence of the 

population.

Only mature seed should be collected because immature seed may be dormant, will have 

lower viability (McLaughlin 1993) and may not produce a healthy seedling (Flora Bank 

2000). Collecting mature seed is a matter of understanding the flowering and fruiting 

phenology of the target species.

Flora Bank (2000) recommends several practical tips for testing seed ripeness.

1. Run a seed head through the fingers. Some spikelets will dislodge. These will either 

contain ripe seed or be empty. This indicates seed maturity.
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phenology of the target species. 

Flora Bank (2000) recommends several practical tips for testing seed ripeness. 

I . Run a seed head through the fingers. Some spikelets will dislodge. These will either 

contain ripe seed or be empty. This indicates seed maturity . 
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2. From a sample of spikelets, check for the presence of caryopsis by squeezing between 

fingertips or, for smaller species, between finger nails. Thi s method is sometimes called 

"the pinch test" (Flora Bank 2000) or "squash test". This indicates caryopsis vigour. 

6.4.2.3 Hand collection 

The advantage of hand collecting is that seed purity and quality can be controlled. It is more 

efficient to collect pure seed (dispersal units of the target species only) than to attempt to 

clean contaminated seed after collection. The disadvantage of hand seed collection is that 

relatively small amounts are harvested per picker and so teams of collectors are required to 

increase yield. Hand collection will be adequate where only small quantities of seed are 

required . It may be the only practicable method where plants of the target species are 

scattered or are growing in areas that are inaccessible to harvesting machinery, or in 

sensitive areas that may be damaged by machinery. 

Seed can be collected either by running the hand up the seed head to loosen mature seeds or 

by cutting seed heads, with scissors or shears for example. Seed should immediately be 

transferred to a cloth or paper bag which is label led with the species name, date of collection 

and collection location (Flora Bank 2000). 

The seed of the native species evaluated in this study, Ectrosia, Eriachne and 

Pseudopogonatherum, was easy to harvest. They all had compact terminal inflorescences, 

and tillers were of a similar height so that several inflorescences could be harvested at one 

time with hand held shears. Although Chloris was not difficult to harvest, plants tended to be 

less compact and with relatively few shoots, hence collection was required over a larger area 

than for the other species and, consequently , was more time consuming. 

6.4.2.4 Mechanical harvesting 

For large revegetation projects, harvesting machinery is likely to be the most efficient way to 

obtain sufficient seed. Habitat, terrain and species density at harvest will also influence 
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selection of the most appropriate machine (Flora Bank 2000). The best collection method 

will be the one that optimises seed collecting effort and which is most cost-effective.

Many grasses have chaffy seeds, which are characterised by a range of appendages such as 

awns and surface hairs that bind the seed together. The result is that seed will not flow easily 

because individual dispersal units become entangled (Loch 1993). Thus, conventional 

harvesters and seeders that are designed for smooth free-flowing seeds have not been 

successful (Kelly and Wiedmann 1999). Modifications to conventional equipment have 

produced a range of adaptations of the original designs (W aters et al. 2000).

Different machines and different harvesting methods suit different species. Harvesting 

machines can generally be grouped into brush harvesters, beater harvesters and suction 

(vacuum) harvesters. Chaffy seeds are better suited to harvesting with beater or brush 

harvesters (Loch et al. 1996).

Brush harvesters can be used to efficiently harvest most native grasses (Loch et al. 1996). 

Brush harvesters brush ripe seed from seed heads and so allow multiple harvests in a season 

(Loch et al. 1996), or leave seed for natural regeneration of the site (Clark 1999). They come 

in a range of shapes and sizes from hand held modified whipper-snippers to tow behind 

harvesters and tractor mounted harvesters to large converted headers with harvesting fronts 

in excess of 10m. Selection of brush harvester type depends on the scale of harvesting and 

mobility required (Clark 1999).

Brush harvesters are used to collect seed of a wide range of upright species including 

Dichanthium, Chloris, Cymbopogon, Danthonia, Digitaria, Heteropogon and Themeda 

(Loch et al. 1996). A brush harvester would also be suitable to harvest seed o f Ectrosia, 

Eriachne and Pseudopogonatherum  because these species are upright and usually grow in 

stands of an even height, especially along roadsides that are regularly slashed.
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Beater harvesters have been also been used to harvest a range of species including 

Dichanthium sericeum. Heteropogon contortus and Themeda triandra (Flora Bank 2000). 

The simplest beater harvester is an open-fronted box fitted with downward rotating beaters 

to remove seeds by their impact on heads trapped against the leading edge of the machine 

(Cavaye 1991 ). They may be mounted to the front bull bar of a vehicle. 

Vacuum harvesters are useful for species that set seed close to the ground, e.g. Microlaena 

stipoides and some Paspalidium species. The petrol-driven garden blower or vacuum is the 

simplest version. The seed may be vacuumed from the plant or from the ground. The risk of 

contaminating the collection with non-target species and soi l and litter is high with this 

method. Seed collecting apparatus can be modified to suit species, conditions and budget. 

The Centralian Land Management Association (CLMA) in Alice Springs developed a 

vacuum seed harvester that was mounted to the front of a four-wheel motor bike and 

connected to a seed storage unit at the rear. The machine is versatile and easy to manoeuvre 

in wooded areas and along watercourses (Clark 1999). 

6.4.2.5 Processing 

Removing the various seed appendages is desirable for the marketing of chaffy seeded 

species provided that the process does not cause significant damage to the caryopsis and that 

it can be achieved at a sufficiently high rate per hour to minimise the cost of treatment (Loch 

1993). The aim of processing is to remove appendages that interfere with the separate and 

independent movement of seeds and to increase purity. Processing removes 40% or more of 

the original weight as inert matter. The advantages of higher seed purity are that it allows a 

more uniform seed sowing distribution, and reduces the sowing rate and, thus cost of 

sowing, per hectare. The smaller bulk of processed seed also reduces storage and transport 

costs compared to impure seed (Loch 1993). 

There is a range of techniques for modifying the characteristics of chaffy seeds to improve 

their handling (Loch 1993). Again, different techniques suit different species. Techniques 
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can be broadly grouped into threshing and sizing, rubbing, physical impact, stirring, burning 

and aerodynamic conditioning (Loch et al. 1996). Threshers consist of two belts running in 

the same direction but at different speeds. Threshing can damage seed so germination testing 

should be conducted before and after processing to determine whether the technique should 

be continued (Waters et al. 2000). Rubbing machines literally rub seeds between two 

surfaces. Stirring de-awns seed by rotating material in a drum. Burning off appendages by 

passing dispersal units through a naked flame has been relatively unsuccessful (Waters et al. 

2000). Aerodynamic conditioning basically blows off appendages with an air jet and 

separates components according to weight classes (Waters et al. 2000).

The commercial applicability of processing techniques for chaffy seeds depends on the rate 

at which seed can be processed and the degree of damage to individual seed units (Loch 

1993). The cost of modifying chaffy seed, however, often inhibits widespread adoption of 

this technology for broad scale revegetation (Kelly and W iedemann 1999), and further 

research is required to improve efficiency and cost effectiveness. Cost-effective processing 

is seen as essential to increasing market potential of native grass seed. Although interest in 

and demand for such seed is increasing, the relatively high cost of collection and processing 

compared to cultivated and introduced grasses is inhibiting growth of the market sector 

(Waters and Monsen 1999).

Processing Eriachne and Pseudopogonatherum  seed would allow seeds to flow more freely 

and thus improve efficiency and effectiveness o f sowing. Ectrosia seeds are extremely small 

and have soft awns. Processing is likely to damage seed and there would be little advantage 

in sowing naked caryopsis, as previously discussed.

6.4.3 Seed storage

Temperature and relative humidity are the most important factors that affect seed quality 

whilst in storage. Both should be kept low, 10° to 20°C and 60% relative humidity (Cameron 

1999). Ideally, seed should be stored in a refrigerated and dehumidified environment, and
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contained in impervious sealed containers such as sealed drums or thick plastic bags. As a 

general rule, when seed moi sture content is between 5% and 14%, each I% reduction in 

moi sture content will approximately double seed storage life, and when storage temperature 

is between o0c and 50°C, each s0c decease will approximately double seed storage life 

(Cameron 1999). The lower temperature and relative humidity the longer the storage life, so 

conditions can be adjusted depending on the required storage time. 

It is imperative that seed is air dry before storing. High moisture in stored seed is the main 

cause of the loss of seed viability and vigour. High moisture causes heating, fungal activity 

( mould) and encourages insect attack (Cameron 1999). 

Seed can be spread to air-dry or preferably be dried by blowing unheated or heated air 

through the seed . Drying with unheated air or simply in ambient conditions is often not 

possible in the Top End, except in the dry season, because relati ve humidity of the air is 

higher than the moi sture content of the seeds. The maximum temperature for drying will be 

determined by the seed moi sture_ content. Seed with over I 8% moisture can tolerate a 

maximum drying temperature of 32°C, seed with 10-18% moisture can tolerate 38°C and for 

seed with less than I 0% moisture the maximum drying temperature recommended is 42°C 

(Cameron 1999). 

The grass seed used in the current study was stored in paper bags in an office in Darwin that 

was air-conditioned for about 30% of the time. For the remainder of the time, temperature 

and relative humidity were at ambient room conditions, that is, generally in the range of 

25°C-32°C and 40%-65% humidity. Despite these less than ideal storage conditions, seed of 

Ectrosia and Eriachne remained germinable for over five years and Pseudopogonatherum 

for over three years, the oldest seed tested . 
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6.4.4.1 Germination testing

Germination varies substantially between species and within species. A range of 

environmental and genetic factors affect germinability. Germination testing is required to 

ascertain germination potential prior to sowing to improve the consistency of establishment 

success. Testing should be conducted during the month or so prior to sowing. Germinability 

can be determined simply by germinating a known number of seeds on a moistened 

substrate, usually filter paper. Temperature can either be controlled within the range of 20°C 

to 35°C, or ambient depending on the accuracy required.

If fresh seed is to be stored for a period of time prior to sowing, it may be desirable to

determine the proportion of seeds that are non-viable as opposed to dormant. Dormant seeds 

have frequently been confused with non-viable seed in germination tests and so methods to 

distinguish between the two have become standard practice. Methods include the use of 

tetrazolium, which stains live embryo tissue, or by breaking dormancy through physical or 

chemical means of scarification of the seed coat, application of a growth regulator or

stimulation with a nitrate salt (Simpson 1990). The purity of seed lots should also be

determined (using methods described in Chapter 2) so that sowing rates can be adjusted to 

account for dispersal units that do not contain caryopses, or those with caryopses that are not 

fully formed. For most revegetation projects, germinability rather than viability is of 

paramount interest and so understanding viability is not an important issue.

6.4.4.2 When to sow

Timing o f seed sowing is dictated by rainfall patterns. Favourable rainfall is critical to the 

success of revegetation. In northern Australia, where seasons are distinctly wet and dry, the 

durability, intensity, and onset of the wet season varies considerably. The greatest variability 

occurs during the transition between annual wet and dry seasons (Taylor and Tulloch 1985; 

Ridpath 1985).

6.4.4 Sowing
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6.4.4. 1 Germination testing 

Germination varies substantially between species and within species. A range of 

environmental and genetic factors affect germinability. Germination testing is required to 

ascertain germination potential prior to sowing to improve the consi stency of establishment 

success. Testing should be conducted during the month or so prior to sowing. Germinability 
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success of revegetation . In northern Australia, where seasons are distinctly wet and dry, the 

durability , intensity, and onset of the wet season varies considerably. The greatest variability 

occurs during the transition between annual wet and dry seasons (Taylor and Tulloch 1985; 

Ridpath 1985). 
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While the pattern of rainfall events is often unpredictable, some general time frames can be 

observed. The wet season usually begins from late November to mid-December. Sowing 

should occur in late December to mid-January because from thi s time until the end of 

March, regular rainfall is usually reliable. If sowing occurs too early, seeds may germinate in 

response to early showers but seedlings will subsequently die if there is no follow up 

rainfall. If sown too late, there may be insufficient time for seedlings to establish resilience 

to water stress before the onset of the dry season. There is also a danger of seedlings being 

washed away by flooding from monsoonal rain, as happened in one of the trial s set up in this 

thesis. The monsoon in the Top End generally occurs in late January but again, the timjng is 

variable and in some years the mon soon may fail to eventuate. 

6.4.4.3 Site preparation 

The physical conditions of the seed bed have a strong influence on the establishment of 

vegetation on mined or other degraded areas (e.g. Forster and Dahl 1990; Bell 1996). Issues 

to consider include weed control and soil preparation . 

Weeds or other undesirable species should be controlled before sowing. Weed treatment on 

revegetation areas may be necessary over more than one growing season prior to sowing and 

again immediately prior to sowing. Undesirable species may also include competitive native 

grasses such as annual sorghum, which compete for resources and produce a high fuel load . 

Annual grasses can effectively be eliminated by early wet season burning (Stocker and 

Sturtz; Lonsdale et al. 1998; Williams and Lane 1999). Often, these species emerge from re

spread topsoil. If it is known that an area will be cleared of vegetation and the topsoil will be 

stripped and respread, the area could be burnt early in the wet season (pre seed set) prior to 

clearing. Thi s will ensure that the so il seed bank of annual species is depleted prior to 

removal of topsoil. 

The seed bed should be rough so that it provides microsites for seeds to deposit, and to 

enhance water infiltration and root penetration. Seeds require good contact with the soil to 
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offset drought and attack by birds and insects (Chandrasekaran et al. 1994). Soil contact also 

allows awned seeds to embed themselves in the soil. On heavily compacted areas, deep 

ripping to a depth of about 30cm will reduce physical impedance to plant roots (Bell 1996). 

The system of troughs and banks (furrows and mounds) that is created by deep ripping 

improves soil stability, minimises erosion, and improves infiltration and nutrient cycling 

capacity through the retention of leaf litter in the troughs which act as sinks (Tongway et al. 

1997).

6.4.4.4 Sowing methods

Seed may be sown with a mechanical ground broadcaster, aerially or by hand. The method 

used will depend on the species sown and the size and accessibility of the area to be 

revegetated. Direct seeding rather than planting seedlings is the most common seeding 

method used on mines in the Top End (Corbett 1999). Direct seeding results in a more 

spatially natural vegetation community, a greater genetic diversity and is generally cost 

effective (Kabay and Lewis 1987).

For small areas and difficult terrain, which may often be the situation on mine sites, hand 

seeding is more efficient and cost effective. Sowing large quantities of unmodified chaffy 

grass seed requires specialised seeders that are modifications of conventional equipment. 

The most common implement is the revolving drum seeder (Kelly and Wiedemann 1999). 

Revolving drum seeders comprise a revolving cylinder with openings on the curved surface. 

Seed falls through the drum as it rotates. This is a simple, low maintenance system but often 

the distribution of seed is highly variable (Kelly and W iedemann 1999). Several specialised 

seed boxes have been modified specifically for chaffy seeds. They involve mechanisms such 

as rotating augers, rollers, wheels, brushes and agitators configured so as to prevent seed 

from clogging and to achieve even distribution (W aters et al. 2000).

While mechanical seeders are less labour intensive and time consuming, they are not 

necessarily more effective. Revegetation monitoring indicates that seed application is not
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always consistent in terms of rate and, where more than one species is being sown, species 

composition (Fawcett 1995). The inconsistency is due to the large variation in seed size and 

weight between species and the aggregation of seeds of similar weight with movement of the 

machinery . Hand broadcasting can be cheaper, less damaging to the integrity of the seed 

bed, especially on ripped areas, and be as efficient as mechanical ground broadcasting (Hinz 

1990; Fawcett 1995). 

6.4.4.5 Fertiliser 

Thi s study showed that the local perennial grasses, Ectrosia and Eriachne, performed 

equally well with or without fertiliser. This is likely to be the case for many other native 

perennial tropical grasses, as well as for temperate grasses (Hagon and Groves 1977). The 

ability to tolerate low levels of soil moisture and nutrients are highly desirable attributes in 

revegetation species. 

The cost of purchasing fertiliser and the labour and machinery required for its application 

increases the cost of revegetation . Eliminating the need for fertiliser will not only decrease 

the cost of revegetation, it will also reduce the susceptibility of a di sturbed area to invasion 

by high fertility introduced species such as Pennisetum pedicellatum (Mott 1980), a 

widespread weed in northern Australia. Consequently, the need for ongoing weed 

management may be reduced. The interaction of a di sturbed and relatively bare substrate and 

increased nutrients through application of artificial fertiliser, creates a soi l habitat that is 

conducive to weed invasion . This interaction of site condition factors is an important 

consideration for management of rehabilitation areas where there has been substantial soil 

di sturbance. 

Using fertiliser also generates a risk of nutrient runoff into water courses which can create 

conditions that are conducive to algal blooms that may affect aquatic flora and fauna. In 

relatively pristine areas such as Kakadu, this risk is unacceptable. Using native grasses that 

do not require fertiliser completely eliminates thi s ri sk. 
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6.5 FIRE MANAGEMENT

Fire frequency and timing are important regulators of all native ecosystems (Bond and van 

Wilgen 1996). The survival rate o f seed and of seedlings of native perennial grasses after 

germination is relatively low (M clvor et al. 1996). Thus, protection of young plants from 

fire is important to ensure their longer term survival. Whilst mature tropical grasses are 

generally unaffected by single fires, frequent burning may reduce seedling recruitment to 

levels where the adult population density eventually declines.

Thus, fire may need to be excluded from rehabilitation areas for several years to maintain 

surface stability and to ensure that grass populations are self-sustaining. The soil surface will 

be particularly susceptible to destabilisation if fire occurs late in the dry season and 

vegetation cover is still low at the start of wet season rains. However, fire suppression will 

eventually result in a build up of flammable fine fuel with the potential for hotter wild fires. 

The build up o f litter also suppresses seedling recruitment o f  trees and grasses (Bond and 

van W ilgen 1996). Thus, once vegetation is well established in revegetation areas, fire 

should occur at intervals that will effectively manage fuel loads but not threaten soil surface 

stability and plant survival.

Fire tim ing as well as frequency affects native grasses differentially. Populations of annual 

species will be negatively affected by early wet season burn (post-seeding emergence) or 

late wet/early dry season fires before seed fall. To ensure persistence of annual grass 

populations, fire should not occur before seed fall.

Once plants are established and have reached reproductive maturity, a diversity of fire 

regimes in rehabilitation areas, as in natural areas, may be beneficial to promote 

heterogeneity and self-sustaining ecosystems.

The persistence of a grassy understorey in tropical savannas indicates that many grass 

species are well adapted to relatively frequent fire. Thus, other potential revegetation species 

from the savannas are also likely to be relatively fire resistant.
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The native perennial species, Ectrosia and, especially, Eriachne recovered well from both 

early and late dry season fires by resprouting from perennial tussocks. The native annual 

species Pseudopogonatherum recovered well from the late dry season fire , and re

establishment was from seed that had been produced in the previous wet season, the first 

growing season for these plants. Pseudopogonatherum did not, however, re-establish after 

an early dry season fire that occurred before seed was buried in the soil. The non-residual 

seed bank of Pseudopogonatherum means that early dry season burning or wet season 

burning before seed burial can have a serious effect on local populations. 

Thus, these three native species can be burnt in the first or second dry season after sowing 

(provided that fire occurs after Pseudopogonatherum seed burial), and recover to a 

sustainable level of population density . The native Dichanthium and the introduced Chloris 

had low population levels prior to fire, and populations of these species did not recover from 

burning. It was apparent that these two species were significantly less resilient to dry season 

drought after the first growing season than the native species (Chapter 4) . Consequently, 

. 
they were unable to recover from fire that occurred in the second dry season . 
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6.6 THE COST OF REVEGETATION

The major cost associated with establishing native grasses is purchasing of seed. Native seed 

is relatively expensive because of the difficulties associated with collecting and processing. 

Most species are opportunistically collected from the wild where they rarely grow as 

monospecific stands, and seed processing is required to separate the target species from the 

rest (Waters et al. 2000).

The cost of seed harvesting will depend on the plant density of the species, seed production 

o f the target species and how efficiently seed can be harvested. Sorghum intrans and S. 

stipoideum  can be harvested at a rate of 14kg an hour with a tow behind brush harvester and 

S. timorensis and spinifex at about 20kg an hour using the same equipment (R. Shaw 

Greening Australia NT, pers. comm. 2001). All other factors being equal, S. timorensis seed 

would be less expensive to purchase than S. stipoideum  seed.

The relative difficulties of seed collection and processing are reflected in the range of prices 

o f native grass seed. For example, Greening Australia Northern Territory, sells seed of 

Sorghum intrans and Heteropogon contortus for $30 kg 1 and seed of Heteropogon triticeus 

and Cymbopogon procerus for $150 kg '1 (Greening Australia, pers. comm. 2001). Seed of 

introduced pasture species is relatively cheap at $15 to $20 kg"1 (Tropigro pers. comm. 

2001).

Sowing rates will vary depending on the seed weight of individual species, seed purity and 

expected germination and survival. The last two factors will in turn be influenced by site 

conditions, especially rainfall. Sowing rate will also depend on whether seed has been 

processed or is sown with intact dispersal units. Sowing rates for native grasses vary from 

5kg ha"1 (W aters et al. 2000) to 15kg h a 1 (Greening Australia pers. comm. 2001). 

Introduced pasture grasses in the Top End are sown at a general rate of about 4kg h a '1 (NT 

Department of Primary Industry and Fisheries, pers. comm. 2000).
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The cost of sowing grasses would be higher for impure seed because a larger volume of 

material would be required to achieve the same rate as pure seed. Greening Australia NT 

estimates that seed can be sown at a max imum rate of about one hectare an hour using a tow 

behind 4 foot seed drill with four tynes. The cost of purchasing fertiliser is about $300 ha-1 

and the cost of running machinery to apply fertiliser is about $60 to $70 ha-1 (DPIF pers. 

comm. 200 I). Presumably the cost of sowing seed would be similar. 

Table 6.1 estimates and compares the indicative costs of establishing native grass and 

introduced grasses. It assumes that seed is purchased commercially as intact dispersal units, 

and that the machinery costs associated with sowing seed is the same for native and 

introduced seed. It does not allow for variation between species in the weight of di spersal 

units, seed purity or germination . Fertili ser is applied to areas sown with introduced grass at 

the time of sowing and a further application may be required one to two wet seasons later, 

depending on grass cover. 

If the least expensive seed is used, _the cost of establishing native grasses is about $350 ha-1
, 

which is about $500 ha-1 less than the cost of establishing introduced grasses (Table 6.1 ). If 

more expensive seed is purchased, the cost increases to about $750 ha-1
, which is still about 

$ I 00 ha-1 less than the cost of establishing introduced grass. It is unlikely that large areas 

would be sown with expensive seed alone but these species may be used for small areas and 

to achieve specific rehabilitation objectives such as restoring habitat for threatened species. 

In most cases, the difference in cost of establishing native grasses and introduced grasses is 

likely to fall somewhere between these extremes. The major cost associated with 

establishing and maintaining introduced pastures is for fertili sing. Eliminating this expense 

for native grasses give such species a clear economic advantage over introduced grasses, and 

any costs assoc iated with more expensive native seeds are clearly off-set by the savings on 

fertiliser. 
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Table 6.1 Indicative costs, based on commercial supply of seed, of sowing native and 

introduced grasses per hectare, excluding earthworks and weed control. Sowing rates 

of dispersal units take no account of seed purity or germination.

Seed ($ha J) Sowing

( h a 1)

Fertilising (h a 1) 

(2 applications)

Total (h a 1)

Native $300-700 (@ 10kg h a 1 

(dispersal units)

$55 $0 $355-755

Introduced $60-80 (@ 4kg h a 1 

(dispersal units)

$55 $720 $835-855

These costs do not consider the cost of ongoing management of revegetation areas. A major 

ongoing cost may be weed management. Such costs are likely to be higher where only 

introduced species are established because these communities may be less resilient to 

disturbance and more susceptible to weed invasion.

The major benefits in using native grasses are long term and difficult to estimate totally in 

financial terms. The intrinsic value of grasses in maintaining biological diversity and 

ecological processes cannot be underestimated (Waters et al. 2000). They are a vital 

component of natural systems and are essential for rehabilitation of disturbed land to 

functional native ecosystems. The resilience of local species to disturbance ensures 

continuous soil protection, which is especially important in revegetation areas.
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Native pastures are the major feed source for livestock in northern Australia and 

maintenance of these systems is of vital economic as well as ecological importance. 

Introduced pasture grasses are often sown into native pasture to boost productivity . 

However, in some cases these species can form monocultures and displace native pastures 

(Hopkinson and Miller 2000) . 

Productivity will vary substantially between native pasture communities. For example, 

weight gains from Queensland blue grass (Dichanthium) (0.40 liveweight gain day (kg) are 

nearly twice that from native sorghum (0.25 li veweight gain day (kg); Weston 1988). 

While some introduced pasture may produce twice as much annual yield as native grasses, 

the cost of producing that yield is nearly double (Hopkinson and Miller 2000; Table 6.2). 

The annual weight gain in cattle is about 20% higher with sown pastures but the cost of that 

gain is about 70% higher. The conclusion is that, provided that management is appropriate, 

grazing native pasture is more cost-effective than grazing introduced pasture in the long 

term. Native pastures are also like]y to be more resilient to fire than introduced species but 

some species may be more susceptible to grazing. 

Table 6.2 

Relative costs of beef produced from introduced pasture and native pasture (from 

Hopkinson and Miller 2000) 

Forage type Capital Annual Cost of Annual Cost of 

value yield dry liveweight liveweight 

($ ha.1) (kg ha·1) matter gain gain 

(c kg.1) (kg head.1) ($kg.1) 

Native pasture 100 2000 1.7 150 0.33 

Permanent 400 4000 3.3 180 0 .55 

sown pasture 
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6.7 FURTHER WORK

This thesis has addressed some of the research issues relating to the establishment of native 

grasses during the early, revegetation phase of landscape rehabilitation. However, further 

investigations are required to develop best practice techniques for all stages involved in 

using native grasses for rehabilitation. Whilst general guidelines can be developed for broad 

groups, for example tropical perennial grasses and tropical annual grasses, more specific 

knowledge may be required to maximise revegetation success and to develop the native 

grass seed industry.

6.7.1 Establishment and cultivation

The technology used to establish introduced species has often been applied to native grasses 

but with limited success. There is a clear need to investigate establishment methods for 

specific grasses so that the risk of revegetation failure is minimised and confidence in using 

native grasses increases (W aters et al. 2000).

With the current reliance on wild stands of native grasses, seed availability is invariably 

unreliable between regions and years, and supply is limited. Establishing seed production 

areas, using irrigation where necessary, would result in more efficient harvesting of larger 

quantities o f seed. These could either be commercial ventures or set up by mining companies 

to offset revegetation costs. The seed yield would have lower levels of contamination by 

seed of non-target species and higher quality in terms of purity and germinability because 

growing conditions would be more favourable than for wild stands (W aters et al. 2000). The 

demand for native seed is likely to increase if supplies are reliable and the cost of seed will 

subsequently decrease.

6.7.2 Refinement of sowing rates

Grass seed weight varies widely between species. Sowing rates in the literature appear to be 

applied broadly across species without accounting for differences in seed weight or purity. If 

seeding rates are not calibrated according to these factors then rates may be either over- or
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under-estimated. Thus, seed will either be sown unnecessarily and or there may a failure to 

establish sufficient cover. Both scenarios will increase the cost of rehabilitation . 

6.7.3 Competitive interaction between sown native grasses and sown woody 
species 

It is generally accepted that sowing grasses with trees and shrubs will suppress establishment 

and growth of the latter (e.g. Csurhes 1988; Fawcett 1995). There is an extensive body of 

literature on grass-tree interactions, much of which is related to forestry and range 

management (Westaby et al. 1989; Milchunas and Lauenroth 1993; Scholes and Archer 

1997). Woody spec ies suppress grasses in many cases (e.g. Riegel et al. 1992; Harrington 

and Johns 1990; Wil son 1993), but grasses can limit tree establishment (Wilson 1998). 

Grasses can also have non-competitive impacts on tree establishment by carrying fires 

(Harrington 1991 ). No published studies were found on the competitive interactions between 

simultaneously direct seeded grasses and woody species. 

The rehabilitation strategy at most mine sites is to direct seed native trees and shrubs and to 

allow native grasses to colonise voluntarily . However, introduced weedy herbaceous and 

woody species rather than native species often invade (pers. obs .). Sowing relatively non

aggressive native grasses with trees and shrubs may reduce the susceptibility of the 

revegetation area to weed invasion . 

6. 7 .4 Improved mechanised processing and sowing techniques 

Processing di spersal units to naked caryopses, that is, mechanical removal of glumes, palea 

and lemma, will enhance the marketability of native grass seed for some revegetation 

situations and reduce costs of storing and sowing. Current processing techniques for chaffy 

seed need to be refined so that cost effectiveness is increased and consequently the purchase 

price of seed is reduced. Similarly, mechanised sowing techniques need to be improved to 

increase reliably and consistency of sowing seed. 
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6.7.5 Effectiveness of species mixes

Sowing combinations of native species that have different morphological traits, growth rates, 

resilience and reproductive strategies may improve revegetation success by increasing 

biodiversity and sustainability. Different mixes will be more suited to different situations 

and environments. Sowing rates may need to be adjusted in the light of competitive 

interactions between species and depending on the objectives in relation to species 

composition and dominance.

6.7.6 Seed bank dynamics

In fire-prone communities recruitment is frequently linked to fire (Tyler 1995). The number 

of seedlings that emerge after fire will be influenced by the type of seed bank (transient or 

persistent), the size and longevity of the seed bank, the distribution of seed in the soil profile 

and the response to post-fire environmental conditions (Auld et al. 2000). The demography 

of plants, therefore, cannot be understood without consideration of the fate of seeds. Many 

plant species do not develop a long-lived soil seed bank because most seeds either germinate 

as soon as they are released and soil conditions become appropriate, or die through, for 

example, decomposition or seed predation (Whelan 1995). Some studies suggest that seed 

predators make a substantial contribution to seed loss from the seed bank (e.g. Abbott 1984). 

Other studies have shown that seed predation decreases after fire due to a reduction in the 

number of predators (e.g. Fox et al. 1985; Midgley and Clayton 1990; van Hensbergen et al. 

1992). Studies in Cape fynbos (Bond 1984; van Hensbergen et al. 1992) and in south-eastern 

Australia have demonstrated heavier seed predation in unburnt vegetation than in recently 

burnt stands. Seed predation in tropical savannas, especially of grasses, has not been well 

studied.

The relative importance of fire-stimulated flowering, seed bank dynamics and seedling 

emergence for population growth are not well studied in grasses (Bond and van Wilgen 

1996). Fire intensity and timing would have an effect on the soil seed bank because 

germination success is related to fire intensity and depth of seed in the soil profile. Buried
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seed is more likely to tolerate fire and the extent of mortality of a seed bank is affected by 

the distribution of seeds in the soil profile (Whelan 1995). 

6. 7. 7 Monitoring 

Regular monitoring is essential to determine the success of revegetation, in relation to both 

short term goals to stabilise the soil surface of disturbed sites, and for the longer term goals 

associated with rehabilitation of self-sustaining ecosystems. 

Aspects of revegetation that could be assessed include: 

• Species establishment using measures of foliage cover. Cover is a very useful attribute 

to monitor because it is critical to soil surface stability. Moreover, it is relatively simple 

to measure and is well suited to repeated measures over long periods of time (i.e. weeks, 

months or years). 

• Seed production and purity. This study has shown that these traits vary substantially 

between species. They are also likely to vary between years, due to differences in 

climate, and between sites, due to differences in edaphic factors. Understanding these 

dynamics will assist in selecting the most suitable species for a given revegetation site. 

• Population dynamics. Detailed inter-specific studies of survival and longevity of 

individual tussocks will provide information on the mechanisms of species recovery 

from disturbance, and the ability of species to persist through repeated disturbances such 

as frequent (annual) fire. It will also reveal whether there may be a need for 

supplementary seeding if plants do not have the opportunity to produce seed in one or 

more years. Populations of annual species with transient seed banks, such as 

Pseudopogonatherum, can be severely reduced if one year's seed production is not 

stored in the soil to facilitate germination in the following wet season. 

• Landscape function . Functional landscapes have the capacity to capture, concentrate and 

conserve water and nutrients (Ludwig and Tongway 1997). Landscape function is a 
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continuum ranging from pristine or “fully functional” to “totally dysfunctional” . The 

acceptability of the condition of a particular landscape is a value judgement, which 

depends on the needs of the current land users, e.g. what may be acceptable for grazing 

may be unacceptable for conservation of biodiversity.

Landscape Function Analysis (LFA) is a method developed by Tongway (1994) for 

measuring landscape stability and ecosystem function. It was originally developed for 

use in rangelands but is now used in a range of environments across Australia including 

minesites. It is used in addition to vegetation monitoring and the combination of the two 

provides information on ecosystem development and progress towards achieving 

rehabilitation objectives.

LFA is comprised of a conceptual framework and a field methodology. A full 

explanation of the conceptual framework is described in Tongway and Ludwig (1997). 

The field procedures provide data to fit the conceptual framework. The data are 

expressly spatial and focused on the dynamics of resource availability: patterns of 

resource mobilisation, transport, deposition, utilisation and loss.

6.8 CONCLUSION

The objective for rehabilitating disturbed landscapes is often the re-creation of self- 

sustaining native ecosystems. Native grasses are an important component of natural 

ecosystems but, until recently, relatively little research has focussed on refining strategies to 

promote their use in revegetation. In northern Australia, introduced grass and legumes have 

been used to rapidly stabilise disturbed sites such as mined areas and roadsides, and there is 

relatively little known about the biology and ecology of tropical native grasses in the context 

of landscape rehabilitation.

This thesis evaluated the revegetation potential of selected native tropical grasses - Ectrosia 

leporina, Eriachne schultziana , Dichanthium sericeum  and Pseudopogonatherum contortum
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- and compared their attributes with the introduced perennial grass, Chloris gayana. It 

addressed gaps in the knowledge on the structure and morphology, germination 

characteristics, establishment potential and resilience of these tropical native grasses when 

used for revegetation. 

The study showed conclusively that the local native species, Eriachne, Ectrosia and 

Pseudopogonatherum had superior germination, establishment and persistence compared 

with both the native Dichanthium and the introduced Chloris. I conclude that Eriachne and 

Ectrosia demonstrated the best potential for revegetation because they germinated most 

readily , and were most resilient to dry season drought and to fire . It is likely that, once these 

native species are established (provided that adequate levels of cover are maintained), 

minimal ongoing management would be required except for fire management, which is an 

issue in most landscapes across northern Australia. 

Although it is important to understand the biological traits of a given species, the results of 

this study have broad practical applications to other tropical savanna grasses in northern 

Australia, and to a range of revegetation situations. 

This study has clearly shown that revegetation of disturbed areas using native grasses is 

easily achievable provided that the species-specific characteristics in relation to morphology, 

germination, establishment and resilience are known. Using native grasses for revegetation 

is environmentally desirable, ecologically sustainable and more cost-effective than using 

introduced grasses. 

Chapter 6 Strategies 
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