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Abstract

There is a desire to source novel legume species to combat the threat of dryland 

salinity to agriculture and the environment. There are already many legume 

weeds in temperate Australia and the potential negative impact of new species 

has created a justifiable impasse. Weed risk assessment presents a potential 

solution, but deficiencies in the current Australian system have hampered 

progress thus far. A greater emphasis on the impact of the weed species may be 

a means of solving this conflict. Therefore, this project attempted to predict the 

level of impact that a legume species would have upon temperate natural 

ecosystems.

The weed impact of exotic legume species in natural ecosystems was 

determined by distributing a questionnaire to experts. Respondents reported that 

woody perennial legumes were more important than herbaceous legumes. Field 

measurements demonstrated that the abundance of legumes was correlated with 

their perceived impact in natural ecosystems. Thus, two test species lists were 

compiled, one of woody species and the other herbs. The woody species 

comprised three impact levels: major, moderate and no impact. The herbaceous 

species also comprised three lower impact levels: consequential, 

inconsequential and no impact. The identification of legume species with 

differing levels of impact subsequently allowed them to be compared with 

respect to a number of biological traits, with the aim of distinguishing impact 

groups based on these traits. 

Seedling growth was examined in the glasshouse under both high and low soil 

moisture. With high soil moisture, major and moderate impact legumes were 

distinguished by having a higher specific root length than no impact legumes. 

Consequential impact herbaceous legumes had lower specific leaf area than the 

lower impact groups. Moisture stress did not alter the comparisons between 

impact groups. 
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Five reproductive traits were explored through a mixture of experimental, field 

sampling and literature research. Major and moderate impact legumes had a 

shorter juvenile period, higher seed dormancy, a smaller seed mass and higher 

seed production than no impact legumes. Major and moderate impact legumes 

could be differentiated by their seed mass and seed production. Consequential 

and inconsequential impact herbaceous species had higher seed production and 

seed dormancy than no impact species.

To allow for important interactions with the environment, the ability of the test 

legumes to establish in temperate natural ecosystems with and without physical 

disturbance was studied. This provided some test of the conclusions reached 

from individual trait studies. The highest impact legumes were the most 

successful at establishing in the natural ecosystems studied. Disturbance had a 

positive effect on establishment, except for the major impact group where 

disturbance was not important. 

This study was able to highlight that for a legume to successfully naturalise in 

temperate Australia it must possess certain biological traits. Less success was 

achieved in distinguishing naturalised legumes of differing impact. However, 

growth form is important and seed mass appears a significant trait in regard to 

woody species. Both are easily measured traits and could be incorporated in 

weed risk assessment of legumes in the future.
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1 General introduction

Weeds can be defined as plants that have a negative impact, be it economic, 

ecological or social (Virtue et al., 2001). Weeds cost Australia in excess of $4 

billion a year, but many impacts are hard to define in monetary terms (Sinden et 

al., 2004). One of the most serious of these is their negative impact on 

biodiversity. A recent study has found that the majority of Australia’s weeds 

were originally deliberately introduced and cultivated (Virtue et al., 2004). 

Australia attempts to counter the weed risk posed by plant importation by 

erecting effective quarantine arrangements. A new plant importation policy was 

implemented in 1997, which comprised a three-tier structure (Walton, 2001). At 

the heart of this new policy was a weed risk assessment system designed to 

determine the risk of a species becoming a weed in Australia. The system 

comprised a set of questions that leads to an outcome on whether the species can 

be permitted or prohibited entry into Australia (Pheloung, 2001). Whilst the new 

policy is superior to its predecessor, there were a number of concerns raised 

over the effectiveness and accuracy of the weed risk assessment component 

(Smith, 1999; Smith et al., 1999; Bennett and Virtue, 2004; Virtue et al., 2004). 

The amount of non-weeds the weed risk assessment system predicted as weeds 

was labelled as a particular problem of the system. 

The similarities in plant attributes between a weed and a pasture plant is thought 

to particularly prejudice pastures (Bennett and Virtue, 2004). Cocks (2003)

stated that many historically economically successful species would not have 

been able to be imported into Australia if the current system had been in place. 

As part of a review of species held in Australian genetic resource centres, the 

weed risk assessment system classified a much larger number of species as 

posing an undue weed risk than the long-term average of 20% (Bennett and 

Virtue, 2004). Australia houses two major legume genetic resource centres and 

they were particularly affected. Smith (1999) had found that the weed risk 

assessment system was particularly inaccurate when assessing legume species. 



General introduction

2

A shift in southern Australian farming systems towards integrating perennials in 

the landscape has generated a desire to find novel perennial legume species that 

can be utilised as pasture or forages (Cocks, 2001; Dear et al., 2003). The major 

user of germplasm in the legume genetic resource centres, the pasture industry, 

was concerned that the weed risk assessment system would hamper future 

germplasm acquisition and hence pasture legume development (Ewing, 2004; 

Rogers et al., 2005). Australia already has a number of legume weeds (Paynter 

et al., 2003) and the risk of new legumes becoming weeds along with their 

potential usefulness created a major conflict of interest (Bennett and Virtue, 

2004).

One potential solution in addressing this conflict is to attempt to distinguish not 

just between weeds and non-weeds but also between species of high and low 

impact (Virtue et al., 2004). This information could then be incorporated in 

national weed risk policies. Successful determination of species of differing 

impact could also be applied to prioritising species for control measures (Parker 

et al., 1999). However, there is a scarcity of knowledge about the impact of 

weeds, including their prediction. 

This thesis seeks to distinguish between legumes of high, medium and low 

impact as well as legumes of no impact. In temperate Australia, legume species 

are more problematic in natural ecosystems (Groves et al., 2003) and therefore, 

the focus of this research will be on weeds of natural ecosystems as opposed to 

weeds of agricultural systems. The scope has also been constrained to temperate 

Australia, as this region is the most affected by the desire to incorporate 

perennial plants into a largely annual plant based agricultural landscape. 

Additionally, Smith (1999) stated that weed risk assessment in Australia would 

benefit from research into factors associated with weediness in particular land 

and climate types.

The thesis will begin by reviewing the literature, starting by examining the 

history of the importance of legumes in Australia, an account of them as 

environmental weeds and the future roles of legumes in Australia, including the 
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need to import new species. The review will then detail Australia’s approach to 

plant imports, the prediction of weeds based on their inherent biology and 

predicting the impact of weeds, concluding with a rationale for the research

detailed in this thesis. The research chapters will commence by identifying the 

level of impact of different legume species in temperate Australia and to 

investigate whether this is related to their canopy cover. The thesis will then 

focus on exploring a number of vegetative and reproductive traits to determine 

if they are of value in discriminating between legumes of differing impact. This 

study will conclude by discussing the ecological importance of those traits 

deemed to be important in naturalisation and weed impact as well as the 

practical use of these traits for weed risk assessment. 
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2 Literature review

2.1 Introduction 

Legumes are an enormous plant family with a worldwide distribution, occurring 

in temperate, arid, alpine, tropical and sub-tropical environments. The only 

continent on which they do not occur is Antarctica. It is one of the largest 

families of flowering plants with an estimated 18,000 species in about 650 

genera (International Legume Database and Information Service, 2005). 

In economic importance it is second only to the grasses (Allen and Allen, 1981). 

The total world value for leguminous crops is thought to be approximately 

US$2 billion per annum and many more legumes are local food plants 

(International Legume Database and Information Service, 2005). Legumes make 

up some of the most important human food plants in the world. Examples 

include, Glycine max L. Merr. (soybean) and Arachis hypogaea L. (groundnuts). 

Legumes are utilised for a variety of other purposes including stockfeed, 

aesthetics, timber, medicine, tannins and gums.

Legumes are an extremely diverse group containing trees, shrubs, climbers and 

herbs. Legumes are characterised by several morphological features but the 

principal unifying feature of the family is the fruit - a pod - technically known 

as a legume, in which the seeds are always enclosed. The ecological uniqueness 

of many (but not all) legumes centres on the fact that they are able to form 

symbioses with certain nodule forming bacteria (commonly referred to as 

rhizobia). The overall result from this symbiosis can be the conversion of 

atmospheric nitrogen into nitrogenous compounds useful to plants (Howieson et 

al., 2000).

The existence of three major groups of legumes is widely agreed and they are 

generally identifiable by their flower structure. It is only the taxonomic rank of 

the groups on which opinion remains sharply divided (Cronquist, 1981). Some 



Literature review

5

authors have considered the groups as three sub-families (Caesalpiniodeae, 

Mimosaceae and Papilionoideae) of the family Leguminosae, whereas others 

have accorded each group family rank (Caesalpiniaceae, Mimosaceae and 

Fabaceae). The general content of the three groups remains unaltered 

irrespective of the taxonomic rank assigned to them (Ross, 1998). For the 

remainder of this thesis, taxa nomenclature will use the current accepted name 

stated by the International Legume Information and Database Service (2005).

The Caesalpiniaceae is the oldest family of legumes (Cronquist, 1981). It 

consists of about 150 genera and 2200 species, which occur mainly in the 

tropical and sub-tropical regions of the world. In Australia, only 22 genera are 

present with Senna Miller being the most widespread (Ross, 1998).

The Mimosaceae is made up of approximately 60 genera and at least 3000 

species, mainly in the genera Acacia Miller, Inga Miller and Mimosa L.. In 

Australia the sub-family is represented by 17 genera, 12 of which are native 

(Cowan, 1998). 

The Fabaceae is the largest family, consisting of about 440 genera and 12,000 

species. It is widespread in temperate and tropical regions and contains many 

important agricultural and horticultural species such as Trifolium repens L. 

(white clover) (Allen and Allen, 1981; Cronquist, 1981).

2.2 History and importance of legumes in Australia

2.2.1 Introduction of exotic legumes to Australia

2.2.1.1 Deliberate introduction

As the European occupation of Australia increased and new settlers arrived in 

the colonies, they also brought with them plants from their old homelands. In 

the early days of settlement their most important consideration was survival, so 

food crops were of paramount significance (Mulvaney, 1991). These included 

legume crops that had been cultivated for many years, like Pisum sativum L. 
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(peas) and Vicia faba L. (broad beans). Plants also provided some degree of 

relief to homesickness and ornamentals such as Ulex europaeus L. (gorse) and 

Spartium junceum L. (Spanish broom) were both introduced for use as hedges, a 

common sight in the British countryside (Kloot, 1985). The deliberate 

introduction of legumes (and plants in general) has continued right throughout 

the European history of Australia to satisfy various interests, industries and uses 

(Groves et al., 2005).

2.2.1.2 Accidental introduction

Many exotic legumes that are present in Australia today were not introduced 

deliberately. This is particularly true for several of today’s pasture legumes. 

Plants can be introduced accidentally by contaminated seed and fodder, ballast 

or through adherence to livestock (Kloot, 1985). The history and introduction of 

Trifolium subterraneum L. (subterranean clover) in Western Australia, a widely 

planted and successful pasture legume, has been well studied and will be used as 

an example here. T. subterraneum is a native of the Mediterranean region and 

western seaboard of Europe. It was not deliberately brought to Australia and 

was not purposely sown and used on a large scale until the early 1900s, but was 

naturalised before this time (Gladstones, 1966). Gladstones and Collins (1983)

suggest that T. subterraneum was largely introduced as a contaminant in other 

agricultural seeds, most probably from the western seaboard of Europe. This 

conclusion was reached because, had burred fruit or seeds arrived in association 

with animals, animal feeds or packing, most initial establishment would have 

been close to the ports of disembarkation with secondary spread from there. 

Instead most primary naturalisation sites are in districts that show little if any 

relationship to the transport systems.

2.2.2 Vegetable crops

P. sativum and Phaseolus vulgaris L. (French beans) are the most important and 

widely grown vegetable legumes, both in the home garden and commercially. 

They both rank among the top six most widely planted commercial vegetables 
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in Australia (Table 2.1). Both have been cultivated for thousands of years and P. 

sativum in particular are one of the oldest cultivated vegetables in the world. 

They may have in fact, been the first crop to be scientifically bred to produce new 

varieties with desirable characteristics (Deshpande and Adsule, 1998). 

 
Table 2.1: Area ('000ha) planted for the six most widely grown commercial 

vegetables in 2001-02 

 
 

 
NOTE:  This table is included on page 7 of the print copy of the 
thesis held in the University of Adelaide Library. 
 

 
 
 
 
 
 
 
    
2.2.3 Ornamental 
 

A large number of legumes have been introduced to Australia for ornamental 

purposes (Kloot, 1986) and many are still popular for this purpose today (Barnard, 

1998). Being such a large and diverse family, legumes of all growth habits have been 

put to use in the garden. Lathyrus odoratus L. (sweet peas) and Lupinus L. species 

(lupins) have been widely admired as flowering garden plants, extending their use 

indoors as table decorations. Brunning (1924) promoted L. odoratus as such: “the ease 

with which they can be grown, the long period which they may be had in flower, 

together with their graceful appearance, fragrant perfume and usefulness for house 

and table decoration in each year increases the already great popularity of the sweet 

pea”. L. odoratus is still widely popular today and all the major seed companies stock 

numerous varieties. One of the most popular garden ornamental legumes is the 

climber, Wisteria sinensis Sims Sweet (Japanese wisteria), prized for its copious 

amount of mauve-blue flowers (Lord, 1948; Edmonson and Lawrence, 2000). Other 
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legumes have been put to use as garden hedges, trees and shrubs. Examples of 

these include, S. junceum, Erythrina crista-galli L. (coral tree) and Acacia 

iteaphylla Benth. (Flinders Range wattle) (Rodd, 1996). Some have even been 

thought useful and consequently used for street trees (Lord, 1948). Notable 

examples include Gleditsia triacanthos L. (honey locust) and Bauhinia 

variegata L. (orchid tree).

2.2.4 Permanent pasture

Permanent legume pastures, with the exception of Medicago sativa L. (lucerne) 

are mainly sown in New South Wales and Victoria. They are particularly useful 

on land not suitable for cropping, such as hills, and in intensive grazing systems 

(Wheeler et al., 1987). In high rainfall areas T. repens is now the most important 

pasture legume in temperate Australia (Lane et al., 1997). Annual species, 

especially T. subterraneum in mixtures with grasses are still widely used. M. 

sativa is the only perennial pasture legume of note grown in dryland situations. 

It is an extremely important plant worldwide and is used not just as a pasture 

plant, but also as a cash crop with the production of high quality hay. Recent 

research has focused on its ability to lower groundwater tables in the struggle to 

combat dryland salinity (Bellotti, 2001; Latta et al., 2001). 

2.2.5 Forage crops

Forage legume crops are sown for a single year between grain crops to be 

grazed or fed to livestock (Cocks and Bennett, 1999). No regeneration of the 

crop is required in following years, so seed set is of little importance. High dry 

matter production and nitrogen fixation are prioritised (Norman et al., 2000). 

Species used in these roles include Vicia sativa L. subsp. sativa (common vetch) 

and Trifolium alexandrinum L. (berseem clover) (Howieson et al., 2000). 
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2.2.6 Ley farming

With the expansion of Australian agriculture in the second half of the 1800s, 

much of the native vegetation was cleared for the planting of wheat crops. The 

yields of these initial crops declined steadily through the depletion of the natural 

soil nutrient base. The introduction of superphosphate fertiliser in the early 

1900s saw widespread yield increases but cereal yields were again in decline in 

the 1930s due to a depletion of soil organic matter, a breakdown of soil structure 

and widespread erosion. This was largely due to the existing practice of rotating 

cereal crops with a long fallow (Puckridge and French, 1983). The use of 

superphosphate did allow T. subterraneum and legumes in general, to thrive in 

areas where they had previously just persisted. By 1950, annual legumes had 

become naturalised over a wide area. At this time the price of wool increased 

and annual legumes were widely sown as pasture, resulting in a decrease in the 

area devoted to cereal crops. It was in this environment that ley farming was 

born. Since then the integrated system of growing a self-regenerating annual 

legume in rotation with grain crops has been known as ley farming (Webber et 

al., 1976). With the introduction of ley farming, production in the cereal zone 

increased rapidly. The increase in soil fertility that followed was reflected in 

increased cereal yields and increased numbers of livestock. In the period up to 

1967, crop yields increased by 27% in WA and 68% in NSW with wheat protein 

levels also increasing (Puckridge and French, 1983). 

The success of ley farming is heavily reliant upon the success of the legume 

component of the system. Legumes are such a successful part of ley farming 

because they provide benefits to the whole farming system. At the centre of 

these benefits are the increases in soil nitrogen and general soil fertility. The net 

increment of soil nitrogen resulting from symbiotic nitrogen fixation varies with 

the productivity of the pasture, but has been shown to be in the range of 30 to 

160 kg N ha-1 (Peoples et al., 2001). A dense, productive, legume-based pasture 

can also increase soil porosity, aggregate and micro aggregate stability and 

decrease the risk of soil erosion (Reeves and Ewing, 1993). Legume pastures are 

valued as they also present a break from the build up of certain cereal root 
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pathogens (MacLeod et al., 1993; Moore and Grace, 1998) and provide a high 

quality livestock feed source which in turn, offers a degree of enterprise 

diversification on the farm (Webber et al., 1976). 

2.2.7 Pulses

Pulses or grain legumes are grown specifically for the seeds or grain that are 

produced. Pulses are important in human and animal nutrition as the grain has a 

high protein content and high nutritive value. From an agronomic viewpoint, 

they provide a break between cereal crops helping control the carryover of 

certain cereal root diseases and may also contribute to the overall nitrogen status 

of the soil. It has been estimated that pulses can fix 14 to 160 kg N ha-1 year-1. 

Although this is a substantial amount of nitrogen, a large fraction of the total 

plant nitrogen is removed when they are harvested for grain (Peoples et al., 

2001).

The popularity of pulses in Australia has increased substantially over the past 

few decades. This has been due to a change in farming practices, from the 

traditional ley farming system to one which is more intensive by including 

pulses in the rotation. The production of pulses was negligible in 1970, 

(Siddique and Sykes, 1997) but has increased to over 2000 Kt annually in the 30 

years to 2000 (Figure 2.1). Examples of temperate pulse crops include Lupinus 

angustifolius L. (narrow leafed lupin), P. sativum and Cicer arietinum L. 

(chickpeas). It is expected that pulse production will continue to increase and a 

range of new pulse crops continue to be evaluated, particularly for stockfeed 

purposes, such as Lathyrus cicera L. (chickling) and Vicia narbonensis L. 

(narbon beans) (Loss et al., 1996; Cocks et al., 2000).
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Figure 2.1: Production and area grown to pulse crops in temperate Australia 

during the period 1984-85 to 2000-01. Areas covered are WA, SA, Vic and 

NSW. (ABARE, 1991; ABARE, 2001; ABARE, 2004). 

2.2.8 Non-ornamental uses of shrub and arboreal legumes

Shrub and arboreal legumes useful in non-ornamental capacities are limited to 

Cytisus proliferus L.f. (tagasaste or tree lucerne), Ceratonia siliqua L. (carob) 

and some species of Acacia. C. proliferus, since being introduced in 1897, has 

offered potential as a source of fodder, shelter, soil conservation and ground 

water control (Oldham, 1994). However, adoption has only occurred recently 

and now some 100,000 hectares of C. proliferus has been established in 

southern Australia. It is mainly used in plantations whereby it is grazed by 

livestock and provides a profitable solution to addressing the autumn feed gap 

(Lefroy, 2002). It also has potential to address some land degradation issues, 

including rising water tables, a factor in dryland salinity. In Western Australia, 

C. proliferus has shown to be able to access a watertable at a depth of five 

metres and have the ability to switch between soil and groundwater sources 

(Lefroy et al., 2001). 

C. siliqua is another legume which offers potential as an agroforestry species, 

especially in the drier regions of temperate Australia, such as the Murray Valley 

(Race et al., 1999). The pods can be sold commercially for human consumption 
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or can provide a valuable feed source for livestock during autumn (Esbenshade 

and Wilson, 1986). At present the majority of C. siliqua are planted as 

individuals in home gardens. 

A significant economic use of the foliage and green pods of Acacia species has 

been as stock fodder, especially during times of drought (McDonald et al., 

2001). Acacia saligna (Labill.) Wendl. (golden wreath wattle) and Acacia 

aneura Benth. (mulga) have generated the most interest at present, but 

preliminary research suggests that they must be used in conjunction with other 

feeds due to anti-nutritional factors (Dynes and Schlink, 2002; Howard et al., 

2002).

Acacia species have often been used for various soil conservation projects, 

including windbreaks and in dune stabilisation. A. saligna in particular has been 

widely planted for the purpose of stabilising sand dunes and reclaiming areas 

after mining operations (Tozer, 1998). 

Acacia melanoxylon R. Br. (blackwood) is the best known and most highly 

valued temperate Acacia timber species. A. melanoxylon timber is mainly used 

for construction and furniture. The timber of various other species has been used 

for a range of specialty purposes, such as handicrafts and fence posts 

(McDonald et al., 2001). 

Acacia seed as a source of human food has been a subject of increasing interest 

and research in recent years (McDonald et al., 2002). The overall nutrition of 

certain dry-zone Acacia seeds is generally high, reflecting their protein, fat and 

carbohydrate content and the seeds contain low levels of toxins or anti-

nutritional compounds. Acacia seed is used in relatively small quantities in the 

developing bush food industry. The ground roasted seeds are mainly used for 

flavouring sauces and ice cream and in breads, pasta and biscuits. Acacia 

victoriae Benth. (prickly wattle) and Acacia murrayana Benth. (Murray’s 

Wattle) are two species which display the most potential (McDonald et al., 

2001).
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2.3 Exotic legumes as wild and weedy plants in Australia

2.3.1 Naturalisation

Richardson et al. (2000) defined naturalised plants as exotic plants (plants 

whose presence is due to intentional or unintentional human activity) that 

reproduce consistently and sustain populations over many life cycles without 

deliberate human influence. Various studies have shown that exotic legumes 

now comprise a substantial proportion of the naturalised flora of temperate 

Australia (Kloot, 1986; Jessop, 1993; Rozefelds et al., 1999).

For some legumes such as T. subterraneum, naturalisation was a critical part of 

their success in becoming important economic plants in Australia. T. 

subterraneum was first recorded in Victoria in 1887 and in 1889, what was 

named the Mt Barker strain was seen spreading on several properties in the 

Adelaide hills by A. W. Howard, the founder of T. subterraneum in South 

Australia (Gladstones and Collins, 1983). In 1906 Howard wrote to the press 

stating that there was a weed that would go far in solving the problem of 

introducing nitrogen into the soil. T. subterraneum continued to spread and 

became a common and important component of pastures (Adams, 1924) in 

southern Australia, often as a volunteer as seed was hard to obtain (Journal of 

the Department of Agriculture of Victoria, 1910). Howard continued its 

promotion and started to produce seed for sale to a local seed company, E&W 

Hackett. By 1936 T. subterraneum was described as “an outstanding pasture 

plant and soil builder that has revolutionised the farming practices in the high 

rainfall country and converted large areas of previously despised virgin land 

into highly productive pastures” (Hill, 1936). Unfortunately other naturalised 

legume species have not had the same valuable impact, even after starting life in 

Australia as desirable plants.
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2.3.2 Environmental weeds

If weeds are defined as plants that have negative impacts (Virtue et al., 2001), 

then environmental weeds can be defined as exotic plants that have negative 

impacts in natural ecosystems. Natural ecosystems are ecosystems that are 

neither cropped nor grazed by domestic animals and comprise predominately 

native species (Adair and Groves, 1997).

There are a number of legume species that have been described as 

environmental weeds in temperate Australia (Carr et al., 1992; Carr, 2001; 

Randall, 2001) (Table 2.2). Some have become a serious threat and have been 

allocated some degree of legislation, such as being proclaimed noxious or 

declared. Cytisus scoparius (L.) Link (Scotch broom) and U. europeaus are 

arguably two of the worst legume weeds in temperate Australia and a more 

detailed discussion on these two species will follow below.

2.3.3 Cytisus scoparius (L.) Link (Scotch broom)

C. scoparius is native to most of Europe and was introduced into Australia as a 

hedge or ornamental plant as early as 1800. By the end of the 19th century C. 

scoparius had been recorded as naturalised and become enough of a pest to be 

declared a noxious weed in some states (Hosking et al., 1998). It is now 

widespread through suitable habitats in Victoria and infestations are found in 

South Australia through the Mt. Lofty Ranges. It is also common in Tasmania 

and occurs in several regions in New South Wales. C. scoparius has also 

become a weed in the western USA, Canada, New Zealand, India, Iran and 

South Africa (Hosking et al., 1998). It occurs in various habitats including 

alpine grasslands and woodlands, riparian areas, wetter forests and moist 

woodlands (Muyt, 2001). 
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Table 2.2 Legume species posing a very serious threat to one or more vegetation 

formations in Victoria 

 
 
NOTE:  This table is included on page 15 of the print copy of the 
thesis held in the University of Adelaide Library. 
 

 
 
 
 
 
 
 
 
    
C. scoparius is a devastating species capable of totally transforming invaded habitats. 

The impact of this species in eucalypt woodland at Barrington Tops, New South 

Wales has been well studied (Waterhouse, 1988; Smith and Harlen, 1991; Smith, 

1994; Downey and Smith, 2000). C. scoparius has invaded large parts of this area, 

where it forms dense stands that have significant impacts on vegetation structure, 

flora and fauna. 
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C. scoparius invades both disturbed and undisturbed communities, but 

establishes best after some form of disturbance such as fire, timber thinning or 

animal damage. C. scoparius has the ability to form dense thickets, which can 

suppress and inhibit native vegetation, as well as seriously impeding movement. 

C. scoparius invasion is shown to a cause substantial reduction in species 

richness and foliage projective cover of native understorey vegetation including 

numbers of eucalypt seedlings. Smith (1994) showed that the mean number of 

species, excluding C. scoparius and overstorey eucalypts, declined from 10.9 at 

the C. scoparius seedling stage to 4.1 when they are fully reproductive. 

Waterhouse (1988) concluded that shading is probably the major cause of 

reduced cover and species richness of native understorey vegetation in infested 

areas.

Downey and Smith (2000) commented that C. scoparius creates more 

disturbance-prone environments due to its impacts on other biota, likely 

alterations to the fire regime and by harbouring feral pigs. C. scoparius benefits 

from further disturbance and massive seedling regeneration results. Seed 

production of C. scoparius has been measured at 28-356 seeds m-2 year–1 below 

a eucalypt canopy (Smith, 2000). However, the actual seed bank accumulating 

under C. scoparius over a number of sites in New South Wales has been 

measured to be in the order of 4229 to 21 012 seeds m-2 (Downey and Smith, 

2000). Similar to many legumes, C. scoparius has a seed coat that is 

impenetrable to water, a trait known as hardseededness (Quinlivan, 1971). The 

actual percentage of C. scoparius seeds displaying this is variable, but it has 

been shown to be in the range of 69-83% (Smith and Harlen, 1991). Seed can 

retain this impenetrable coat for many years, contributing to large, viable seed 

banks. 

2.3.4 Ulex europaeus L. (Gorse)

U. europaeus is native to Western Europe and North Africa, but has now 

expanded its naturalised range to many temperate areas of the world (Clements 
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et al., 2001). In Australia, U. europaeus was introduced from Europe early during 

colonisation as a hedge and ornamental plant and was sold commercially into the 

1900s (Richardson and Hill, 1998). Today, U. europaeus is one of Australia’s 20 

Weeds of National Significance. It is widespread in south-eastern Australia, primarily 

in areas with 600-900 mm annual rainfall with major occurrences in Tasmania and 

southern and central Victoria. U. europaeus is also present in limited areas in South 

Australia, Queensland and Western Australia (Figure 2.2) (National Weeds Strategy 

Executive Committee, 2002). It is found in various native habitats including 

woodlands, grasslands, riparian areas and forests. 

 

 
NOTE:  This figure is included on page 17 of the print copy of the 
thesis held in the University of Adelaide Library. 
 

 
 
 
 
 
 

Figure 2.2: Current (left) and predicted (right) distribution of U. europaeus in 

Australia (National Weeds Strategy Executive Committee, 2002) 

 
 
 
U. europaeus forms dense, impenetrable thickets that eventually exclude all 

indigenous vegetation and prevent regeneration from occurring (Muyt, 2001). It 

acidifies the soil by nitrogen fixation and by producing nitrogen rich leaf litter, 

consequently altering the nutrient composition of the soil (Dancer et al., 1977). This 

may affect the persistence of many indigenous species. Nitrogen build up under U. 

europaeus stands has been measured at 70 kg ha-1 year-1 over a 10 year period in the 

UK (Dancer et al., 1977). 

 

Dense U. europaeus stands restrict physical movement by humans and animals and 

provide ideal harbour for rabbits (Richardson and Hill, 1998). Thickets are a 
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serious fire hazard, burning readily due to the large amount of dried material 

(Muyt, 2001). For plants over five years old, dry matter production can reach up 

to 18 t ha-1 year-1 (Clements et al., 2001). U. europaeus has been partly blamed 

for a destructive fire in Bandon, Oregon, USA, due to the heavy infestations 

surrounding the town (Campbell, 1997).

The invasive characters of U. europaeus include its evergreen habit, prolific 

seed production, longevity of seeds in the soil and nitrogen fixation (Clements 

et al., 2001). U. europaeus is a prolific seed producer with figures for total 

production around 2000 seeds m-2 (Hill et al., 1996). Like C. scoparius and 

many other legumes, U. europaeus seed is impermeable enabling it to 

accumulate a large seed bank. Estimates of soil seed banks range from 2660 to 

10 000 seeds m-2 (Richardson and Hill, 1998).

2.3.5 Native Australian legumes as environmental weeds in Australia 

It is possible for Australian plant species to become weeds (within Australia) 

when they become established outside of their true indigenous range. Groves 

(2001) suggested that there will be increased examples of Australian plants 

becoming weeds as more and more species are planted in parks and gardens or 

used to revegetate areas adjoining nature reserves near Australian cities and 

towns. Carr (2001) lists nine Australian native legumes as serious 

environmental weeds in Victoria (Table 2.3).
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Table 2.3: Australian native plants that are serious environmental weeds in Victoria 

 

 
NOTE:  This table is included on page 19 of the print copy of the 
thesis held in the University of Adelaide Library. 
 

 
 
 
 
 
 

 

 

2.3.6 Acacia longifolia (Andrews) Willd. subsp. longifolia (sallow wattle) 

 

A. longifolia subsp. longifolia is indigenous to eastern Queensland, New South Wales 

and Victoria (Hnatiuk, 1990). It has been widely recommended for ornamental 

purposes outside its natural range (Seale, 1971; Boomsma, 1979; Rowell, 1991) and 

has now invaded heathlands, woodlands and forests in South Australia, Western 

Australia and western Victoria, generally in areas receiving more than 500 mm annual 

rainfall. It has also become a major weed in South Africa (Pieterse and Cairns, 1988) 

and Portugal (Marchante et al., 2004). Dense stands will shade out many ground flora 

species, crowd out shrubs and severely impede overstorey regeneration (Muyt, 2001). 

A. longifolia subsp. longifolia has been shown to increase soil nitrogen and carbon 

levels as well as the amount of litter accumulating in the soil (Marchante et al., 2004). 
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2.4 Reasons for collecting and introducing further 

legumes into Australia

2.4.1 Genetic erosion and extinction

Habitat destruction is the single greatest threat to biodiversity (Walker and 

Steffen, 1997). Habitats are being destroyed by agriculture, industrial 

developments, urban sprawl and dams and are being irreversibly damaged by 

pollution, overuse and erosion. As a consequence many species are at risk of 

extinction or suffering from genetic erosion. This can be in terms of a whole 

species disappearing or fragmentation of a species distribution can lead to genes 

being lost (Reid and Bennett, 1999).

The highest concentration of temperate legumes in the world is found in the 

Mediterranean basin. However, severe genetic erosion of the genetic resource 

pool is currently occurring. While the exact number is debated, one estimate 

indicates that 322 species from 15 legume genera are threatened (Maxted and 

Bennett, 2001). An example of some countries with threatened legume species 

are listed in Table 2.4. Australia houses two of the most important legume 

genetic resource centres in the world, the South Australian Research and 

Development Institute Genetic Resource Centre (SARDIGRC) and the Genetic 

Resource Centre for Temperate Pasture Legumes. The SARDIGRC alone has 

the largest collection of Medicago species in the world (Hughes and McLachlan, 

2000). Both centres have a certain responsibility in contributing to the 

preservation of the legume genetic resource from extinction. 
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Table 2.4: Number of legume species threatened in a sample of Mediterranean 

countries

Country

Genus Morocco Portugal Greece Spain Turkey

Astragalus L. 5 0 8 4 134

Cicer L. 1 0 1 0 4

Lathyrus L. 0 0 1 0 12

Lotus L. 0 3 2 15 1

Medicago L. 0 0 2 2 1

Melilotus 

Miller

0 1 0 0 0

Onobrychis 

Miller

0 0 2 0 23

Trifolium L. 1 0 3 0 7

Trigonella L. 0 0 1 0 11

Vicia L. 1 3 1 5 4

Total 9 9 22 30 198

Legumes 

threatened (%)

5.1 5.3 11.4 19.5 21.7

(Maxted and Bennett, 2001)

2.4.2 Agricultural potential

Almost without exception the genetic resource of existing Australian temperate 

pasture, grain and forage legumes originates from the Mediterranean basin. 

Southern Australia’s latitude is similar to that of the Mediterranean basin and 

west Asia and they possess similar climates. Rainfall in most agricultural areas 

in both regions is in the range of 250-750mm (Crawford and Auricht, 1993). 

Naturally, collection of legume germplasm has been centred in these regions 

and subsequent introduction and testing in Australia has proved successful, 

contributing to the majority of cultivars released (Table 2.5) (Crawford et al., 

1989).
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Table 2.5: Examples of pasture legumes commercialised in Australia and their 

origins

Species Cultivar Country of origin

Astragalus pelecinus L. Barneby Casbah Morocco

Medicago littoralis Lois. Harbinger Iran

Medicago murex Willd. Zodiac Italy

Medicago tornata (L.) Miller Rivoli Morocco

Medicago truncatula Gaertner Parabinga Jordan

Ornithopus compressus L. Madeira Spain

Trifolium cherleri L. Yamina Israel

Trifolium repens Haifa Israel

Trifolium subterraneum Rosedale Turkey

(Oram, 1990; Crawford and Auricht, 1993)

Plant collection in the past concentrated on specific species that were known to 

be important to agriculture. From a pasture legume viewpoint, this meant that 

collections focused on T. subterraneum and annual Medicago species. The 

performance of these annual legume pastures in recent times has been poor due 

to a complex mixture of economic, agronomic and ecological factors. These 

factors include poor nutrition, the presence of various pathogens, changes in 

cropping technology, poor nodulation and edaphic limitations (Carter et al., 

1982; Denton and Bellotti, 1996). Farming systems have also changed in 

response to economic factors and currently ley farming is not the economic 

optimum for farmers, as returns from livestock enterprises are lower than for 

cropping. A system with longer periods of cropping followed by a similar length 

pasture phase is becoming more widespread. This has been termed phase 

farming (Reeves and Ewing, 1993). The attributes needed by pasture legumes in 

this system are different to the traditional ley farming system. Traits which 

confer ease of seed production, leading to a low seed production cost are 

important in new species because of the regular re-sowing of phase pastures. 

Other traits considered important for legumes in phase pastures include: 

relatively low levels of hard seed; tolerance to selected herbicides; vigorous 
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growth habit; and tolerance to a range of pests and diseases (Norman et al., 

2000). Species which show initial compatibility with this system include 

Trifolium glanduliferum Boiss. (gland clover), Ornithopus sativus Brot. (French 

serradella) and Trigonella balansae Boiss. & Reuter (Loi et al., 2000).

These factors have produced a change in the philosophy of pasture plant 

breeding in southern Australia from a focus on continual improvement of the 

traditional species to a focus on developing new species for problem 

environments and changed farming systems (Norman et al., 2000; Bellotti, 

2001). For example, this has resulted in the release of O. compressus cultivars, 

such as Charano and Santoini, for their ease of harvesting (Loi et al., 2005a) and 

Trifolium michelianum Savi (balansa clover) for areas with mild waterlogging 

(Dear et al., 2003).

Current ex situ collections of pasture and forage legumes still represent only a 

narrow range of the diversity that is available. Consequently, there are still too 

few accessions of these alternative species on which to base extensive selection 

programs (Francis, 1999). Cocks (1999) stated that Australia needs more 

germplasm of species from the genera, Astragalus, Trigonella, Ornithopus L. 

and Trifolium other than T. subterraneum.

2.4.3 Dryland salinity management 

Before European occupation of Australia, there was a balance between water 

intake and its use by the perennial native vegetation. With the development of 

Australian farming systems, vast amounts of the native vegetation was cleared 

and replaced by shallow-rooted annual crop and pasture species. Of the 25 

million hectares of land in south-western Australia previously covered by 

perennial vegetation, almost 18 million hectares has been cleared (Cocks and 

Bennett, 1999). These annual agricultural species were unable to utilise summer 

or early autumn rainfall and drainage of soil water has increased. 
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Salinisation occurs because the increased deep drainage occurring under 

agricultural systems percolates to the groundwater table leading to an increase 

in the water table (Cocks, 2003). When saline groundwater comes close to the 

soil surface, suction and capillary action draws the water to the surface, where it 

is removed by evaporation leaving soluble salts behind (Leeper and Uren, 

1993). Salinity in its early stages reduces soil productivity, but in advanced 

stages kills all vegetation and consequently transforms fertile and productive 

land to barren land, leading to loss of habitat and reduction of biodiversity 

(Cocks, 2003). 

Approximately 5.7 million hectares of Australia is affected or at risk of dryland 

salinity (Figure 2.3). It has been estimated that this figure could increase to 17 

million hectares in 50 years. The majority of the land that is under threat is 

agricultural, but dryland salinity also affects natural terrestrial and aquatic 

ecosystems, as well as infrastructure (National Land and Water Resources 

Audit, 2001). In Western Australia it is estimated that 450 plant species are at 

risk of extinction (Pannell et al., 2004). A reduction in fauna species could also 

be possible (McKenzie et al., 2003).

In an attempt to mimic natural ecosystems more closely, the use of perennial 

plants in farming systems where water use is inadequate is being advocated in 

most of southern Australia (Cocks, 2003; Pannell et al., 2004; Ridley et al., 

2004). Perennial species have larger root systems and an ability to survive 

throughout the year. In these ways they are similar to the natural vegetation that 

was existent before the widespread planting of annual species. Perennial species 

have the ability to use higher amounts of water and deplete stored soil water and 

may also be effective at using nitrate and ammonium nitrogen, thereby 

decreasing the rate of acidification (Cocks and Bennett, 1999). 
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NOTE:  This figure is included on page 25 of the print copy of the 
thesis held in the University of Adelaide Library. 
 

 
 
 
 
 
 

Figure 2.3: Areas (shaded) containing land of high hazard or risk of dryland salinity in 

2000 (National Land and Water Resources Audit, 2001) 

 

 

2.4.3.1 Herbaceous perennials 

Herbaceous perennial legumes offer a promising option for introducing perennials 

into the landscape as they are more compatible with current farming systems. The 

large-scale planting of woody species would not be welcomed by most grain growers 

who would lose large areas planted to crops and the income generated from them, in 

addition to the substantial establishment cost (Cocks and Bennett, 1999). Phase 

farming, where several years of crops are followed by several years of pasture, 

provides a window for farmers to grow a perennial legume pasture while maintaining 

their capacity to produce grain. 

 

M. sativa has been advocated as an option for salinity management (Latta et al., 

2001). This is because it has the benefit of high water use, so dries out the soil 
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profile reducing recharge, as well as being able to use groundwater if it is not 

too saline. M. sativa has been shown to reduce soil water content in Western 

Australia as well as increase pasture biomass, compared with the annual, T. 

subterraneum. These increases were due to the utilisation of summer rainfall 

(Latta et al., 2002). M. sativa also has the advantage of being able to fix 

substantial amounts of nitrogen for use in the subsequent cropping phase 

(Peoples et al., 2001) and being a fodder plant, also has the potential to provide 

high quality forage. This occurs mainly during the summer-autumn period, a 

time normally associated with a feed shortage. Studies with sheep over summer 

and autumn found animals grazing M. sativa had growth rates of 50 g day-1

compared with 1 g day-1 for sheep grazing T. subterraneum residues (Kenny and 

Reed, 1984).

Whilst M. sativa has shown to be effective in restoring a more desirable 

hydrological balance and has potential to do so over a wider area, reliance on 

this one species is not agronomically or ecologically sound. M. sativa still does 

not preform well in all areas and on all soil types. Particular conditions that are 

unsuitable include acid soils and waterlogging (Bellotti, 2001). Reliance on one 

species is also dangerous as it becomes highly susceptible to a widespread 

attack and subsequent devastation by pests and pathogens. A pertinent example 

of this is with M. sativa itself, when in the 1970s the invasion of aphids left 

large areas of M. sativa reduced to a sticky mess (Walters, 1978; Walters and 

Dominiak, 1988). 

Several temperate perennial legumes are indigenous to Australia and these 

include the following genera: Glycine L.; Kennedia Vent.; Desmodium Desv.; 

Cullen Medikus; Swainsona Salisb.; Lotus; and Trigonella. Many of these 

species would be unsuitable as a pasture as they are known to contain toxic 

compounds (Cocks, 2001) and are relatively unproductive (Dear et al., 2003). 

While natives are not to be ignored, the most likely source of new perennial 

species, especially in the short term, will be from overseas. Perennial legume 

germplasm collections in Australia have suffered in the same manner as non-

traditional annual species due a focus on T. subterraneum and a few Medicago
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species. Dear et al. (2003) stated that overseas collections are warranted to 

address the scarcity of germplasm.

Perennial legumes are frequently found in the drier regions of the Mediterranean 

basin (Roggero and Porqueddu, 1999). However, they have not been extensively 

investigated and used in this region. Dear et al. (2003) suggested that 

Onobrychis viciifolia Scop. (sainfoin), Hedysarum coronarium L. (sulla), 

Dorycnium Miller and Lotus species show the most promise to complement M. 

sativa in the Australian wheatbelt. All these species are found in the 

Mediterranean region.

2.4.3.2 Woody species 

Woody species have the potential to be used as short-term, long-term or coppice 

crops (for wood, fuel or food) (Bartle et al., 2002) or in an agroforestry system, 

such as alley farming. Alley farming was developed in southern Australia by 

farmers in an attempt to manage wind erosion and rising water tables, while 

giving additional income through timber or fodder (Lefroy and Stirzaker, 1999).

The advantages that shrub and arboreal legumes have compared with 

herbaceous ones are that they are more resistant to grazing, can act as 

windbreaks and have much deeper root systems leading to better water use 

(Wheeler and Hill, 1990). Commercial legume options that are currently 

suitable for agroforestry are limited to C. proliferus, C. siliqua and a few Acacia

species. Detailed investigations into the potential use of Australian wheatbelt 

Acacia species as woody crop plants has been a major focus recently (Bartle et 

al., 2002; Seiger, 2002; Maslin and McDonald, 2004). de Koning et al. (2000)

also suggested that Medicago arborea L. (tree medic) may have potential in low 

rainfall areas with calcareous soils and are conducting investigations into the 

agronomy of the species.

Francis (1999) suggested that agroforestry requires new forage species options. 

However, Lefroy (2002) strongly recommended that investment in the 

introduction, selection and development of new exotic species be avoided due to 
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the high risk of inadvertently adding to Australia’s woody weed problem. He 

recommends the most cost-effective means of achieving an increase in the use 

of forage trees and shrubs for animal production in temperate Australia, is to 

invest in further development of C. proliferus, the only species with high forage 

value to have achieved any significant degree of commercial acceptance. 

2.5 Importation of plant material into Australia

Deliberate importation of new germplasm into Australia is the major source of 

weeds (Groves et al., 2005; Cook and Dias, 2006). The rate of invasion of the 

Australian environment by introduced plant species has increased linearly since 

European settlement, but may now be increasing exponentially (Groves and 

Hosking, 1997). It is both economically and ecologically desirable to prevent 

new weed incursions before they occur. Australia attempts to achieve this by 

implementation of its quarantine policies. Biosecurity Australia is the federal 

agency responsible for developing the government’s plant quarantine policies. 

Recently, as a result of initiatives of the National Weeds Strategy, Australia 

undertook significant changes to the way it deals with plant imports. Prior to 

1997, Australia employed a prohibited list approach. Only species on the 

prohibited list were precluded from importation. The Federal Government now 

requires that the potential harmful economic and environmental impacts of new 

species of plants be assessed, including their tendency to become weeds and that 

regulations governing plant importation be based on a permitted list approach. A 

three tier approach (Figure 2.4) was implemented to deal with plant imports 

(Walton, 2001). 
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Figure 2.4: Flow diagram of the system used to screen plant imports (Walton, 2001) 
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Tier 1

Tier 1 is defined as identifying the species with reference to the current lists of 

prohibited and permitted species and determining its Australian distribution. If a 

species is not on either list and is not known to be grown or naturalised in 

Australia, it then moves on to the second tier (Walton, 2001). 

Tier 2

If the species is not listed and is not established in Australia, a pre-entry 

assessment procedure to determine the risk of the species becoming a weed in 

Australia is applied. Possible recommendations are reject, accept or further 

evaluate. Rejected or accepted species are then added to prohibited or permitted 

lists respectively (Walton, 2001). Weed risk assessment is the basis of Tier 2 of 

the screening process, namely pre-entry assessment of weed potential. 

The weed risk assessment system used in the second tier of the plant screening 

process was developed in Australia. The system generates a numerical score 

(from answers to a set of 49 questions) that are positively correlated with 

weediness. Answers are sought for questions on climatic preferences, weed 

history, biological attributes, reproductive and dispersal mechanisms (Figure 

2.5). Answers are predominately in the form of “yes”, “no” and “don’t know” 

and the score generated is used to determine the three recommendations: reject 

(score over 6), accept (score below 1) or further evaluate (score 1 to 6). In most 

cases one point is added for a weedy attribute and one deducted for a non-weedy 

attribute. Features of the system include that it contains questions that tend to be 

correlated with non-weediness and it can suggest whether species may become a 

weed of agriculture or the environment (Pheloung, 2001).
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Figure 2.5: Example of a weed risk assessment scoresheet for Ulex europaeus

R e jec t
1 3

U lex  eu ropaeus
A . B io g e o g r a p h y/ gorse

h istor ica l
C 1 D o m e s tic a t ion/ 1.01 Is  the  spec ies  h igh ly  dom est ica ted? N
C cu lt ivat ion 1.02 H a s  t h e  s p e c ie s  b e c o m e na tu ra l i sed  where  g rown?
C 1.03 D o e s  t h e  s p e c ies  have  weedy  races?
- 2 C lim ate  and 2.01 S pe c ie s  s u ited to  Aust ra l ian c l im ates (0- low;  1- in term edia te ;  2 -

h ig h )
2

- D is tr ibut ion 2.02 Q u a lity of cl im ate  m atch data  (0- low;  1- in term edia te ;  2-h igh) 2

C 2.03 B road  c l im a te  s u itabi l i ty  (environm ental  versat i l i ty) N
C 2.04 N a tive  or  na tura l i sed  in  reg ions  w i th  ex tended dry  per iods N
- 2.05 D o e s  t h e  s p e c ies  have  a  h is to ry  o f  repeated in t roduc t ions  

outs ide  i ts  na tura l  range?
Y

C 3 W ee d 3.01 N a tu ra l i sed  beyond  na t i ve  range Y
N E ls e w h e r e 3.02 G a rden /am e n ity /d is tu rbance  weed
A ( in teracts  w ith 2 .01 3.03 W e ed of  agr icu l ture Y
E to  g ive  a  we igh ted 3.04 E nv i ronm enta l  weed N
C sco re ) 3.05 C o n g e n e r ic  w e e d N
- B . B io logy /Eco logy

C 4 U n d e s i ra b le 4.01 P ro d u c e s  s p ines ,  thorns  or  bur rs Y
C traits 4.02 A lle lo path ic
C 4.03 P arasi t ic N
A 4.04 U n p a la tab le  to  graz ing  an im a ls N
C 4.05 Tox ic  to  a n im a ls N
C 4.06 Hos t  fo r  recogn ised  pes ts  and  pa thogens N
N 4.07 Causes  a l le rg ie s  o r is  o therwise  tox ic  to  hum ans N
E 4.08 C reates  a  f i re  hazard  in  na tu ra l  ecosys tem s Y
E 4.09 Is  a  shade to lerant  p lant  a t  som e  s tage  o f  its l i fe cycle N
E 4.10 G rows  on  infer t i le soi ls Y
E 4.11 C lim b in g  o r sm other ing  g rowth  hab i t N
C 4.12 Form s  dense  th icke ts Y
E 5 P la n t 5.01 A quat ic N
C ty p e 5.02 G rass N
E 5.03 N it rogen f i x ing  woody p lan t Y
C 5.04 Geophy te N
C 6 Reproduc t io n 6.01 E vidence o f  substant ia l  reproduct ive  fa i lu re  in  nat ive  hab i ta t

C 6.02 P roduces  v iab le  seed . Y
A 6.03 H y b rid ises natura l ly N
C 6.04 S elf-c o m p a tib le o r  apom ic tic Y
C 6.05 R e q u ire s spec ia l is t  po l l inators N
A 6.06 R e p roduct ion  by  vegeta t ive  f ragm entat ion N
C 6.07 M inim u m generat ive t im e (years ) 3
A 7 D ispe rsa l m e c h a n ism s 7.01 P ropagu les  li ke ly  to  be  d ispersed un in ten t iona l ly  (p lan ts  growing 

in h e a v ily  t ra f f icked areas)
Y

C 7.02 P ropagu les  d ispe rsed  in tent iona l ly  by  peop le N
A 7.03 P ropagu les  li ke ly  to  d isperse  as  a  p roduce  con tam in a n t N
C 7.04 P ropagu les  adap ted  to  w ind  d i spersa l N
E 7.05 P ropagu les  wa te r  d i spe rsed N
E 7.06 P ropagu les  b ird  d ispe rsed Y
C 7.07 P ropagu les  d ispersed  by  o ther  an im a ls  (external ly) Y
C 7.08 P ropagu les  su rv ive  passage  th rough  the  gu t Y
C 8 P e rs is ta n c e 8.01 P ro li f ic s eed  p roduc t ion  (>2000 /m 2 ) Y
C att r ibutes 8.02 E vidence tha t  a  pers is ten t  p ropagu le  bank  is  fo rm ed (>1  y r ) Y

A 8.03 W e ll c ont ro l led  by  herb ic ides N
A 8.04 Tolera tes ,  o r  benef i ts  f rom , m ut i lat ion or  cul t ivat ion Y
C 8.05 E ffec t ive  natura l  enem ie s  p resent  in  Aust ra l ia Y

O u tc o m e : R e jec t
S c o re : 1 3

S tat ist ica l  sum m a ry B iogeog raphy 6
o f scor ing S c o re par t i t ion :                        Undes i rab le  a t t r ibutes 3

B io logy /eco logy 4
B iogeog raphy 7

Q u e s t io n s  a n s w e re d :                        U n d e s irab le  a t t r ibutes 1 1
B io logy /eco logy 2 3

T o ta l 4 1
Agr icu ltu ra l 0

S e c to r a f fec ted :                                    Env i ronm en ta l 0
N u s ia n c e 0

A =  a g ricul tural ,  E =  e n v ironm en ta l ,  N  =  nu i sance ,  C=com b in e d
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Tier 3

If an accept or reject recommendation cannot be made from the second tier and 

the importer wishes to proceed, the species is subjected to post-entry evaluation. 

It was intended that this can either take place in the field, or in glasshouse trials 

to examine more directly the weed potential (and/or verify potential uses), so 

that, ultimately, the species can be placed on a prohibited or permitted list 

(Walton, 2001). To date, no formal protocol for post-entry evaluation has been 

devised (Bennett and Virtue, 2004). This in effect means that species that have 

an assessment outcome of further evaluate are rejected by default. 

2.6 Analysis of the Biosecurity Australia Weed Risk 

Assessment

The Biosecurity Australia Weed Risk Assessment (BAWRA) was tested for its 

effectiveness by analysing its performance on 370 plant species and comparing 

the results against those obtained by a panel of experts. These species comprised 

both useful and known weedy species. All the serious weeds and most minor 

weeds (84%) were rejected or required further evaluation whilst only 7% of 

non-weeds were rejected. Less than 30% of the species required further 

evaluation (Pheloung et al., 1999; Pheloung, 2001).

Smith (1999) also tested the BAWRA and concluded that there were areas 

where it was not overly effective. In particular, she described its accuracy when 

assessing legumes was “about as good as one would get tossing a coin”. Using 

comparative methods, she found that there was no significant relationship 

between the BAWRA score and whether the plant was a weed or not when 

legumes were analysed.

Pheloung (2001) reported that one of the requirements in developing the 

BAWRA was that the proportion of species requiring further evaluation was 

kept as small as possible. Smith (1999) however found that 85% of all legumes 

and 34% of grass assessments of the test species could not be made using the 
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BAWRA alone and needed further evaluation. The accuracy of initial 

assessments in these families needs to be improved, especially when at present 

there are no protocols to deal with species that require further evaluation.

Smith (1999) suggested that the BAWRA in Australia would benefit from 

research into the study of factors associated with weediness in well-defined 

taxonomic groups and particular land use and climate types. For example, 

legumes require more study in order to be able to identify more confidently the 

most likely future weedy species in the family. 

Concern over the number of false positives (i.e. non-weeds predicted as weeds) 

has also been expressed regarding the BAWRA. It has been suggested that most 

species it identifies as potential weeds would probably not be weeds if 

introduced (Bennett and Virtue, 2004). Organisms generally become pests at a 

low rate. As a consequence of this low ‘base-rate probability’, the large majority 

of organisms rejected in any random sample of potential introductions would 

probably be harmless (Smith et al., 1999). Smith (1999) estimated that between 

75 and 90% of a random sample of plant species rejected by the BAWRA would 

never have been weeds. However, once a plant is rejected by the BAWRA it is 

appended on the list of prohibited imports.

Pasture scientists looking to import new germlasm into Australia have also 

expressed concern over the BAWRA (Cocks, 2003). Pasture species often have 

the dilemma of possessing traits such as high seed production and dormancy, 

that are also correlated with naturalisation and weediness (Hazard, 1988; Virtue 

et al., 2004). Species native to the Mediterranean and corresponding climatic 

regions (as most Australian commercial crop and pasture legumes are) also 

obtain a reject score from the BAWRA, regardless of other traits the species 

might possess (Bennett and Virtue, 2004). Bennett and Virtue (2004) suggested 

that improving the technical basis of the BAWRA might be one step in 

improving the conflict between utility and weed risk. In particular they suggest 

incorporating the impact of known closely related species and the base rates for 

plant groups into the BAWRA and developing protocols for the third tier of the 

screening process.
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Outcomes from an international workshop on weed risk assessment identified 

that the current Australian system cannot be applied to all stages of a weed 

invasion. Specific questions for certain types of weeds cannot be used 

comparatively in the BAWRA system to prioritise weeds (Virtue, 1999). In this 

respect, the BAWRA as a pre-entry assessment of new plants does not allow for 

the prioritisation of species already in Australia for control nor does it address 

the issue of Australian native species becoming weeds when planted outside of 

their indigenous range.

2.7 Predicting weeds based on their inherent biology

There have been many attempts to determine plant attributes that are associated 

with weediness. Baker's (1974) list of the characters said to be required for an 

ideal weed may be the most famous:

1. Germination requirements fulfilled in many environments.

2. Discontinuous germination (internally controlled) and great longevity of 

seed. 

3. Rapid growth through vegetative phase to flowering.

4. Continuous seed production for as long as growing conditions permit.

5. Self-compatible but not completely autogamous or apomictic.

6. When cross-pollinated, unspecialised visitors or wind utilised.

7. Very high seed output in favourable environmental conditions.

8. Produces some seed in a wide range of environmental conditions.

9. Has adaptations for short and long distance dispersal.

10. If a perennial, has vigorous vegetative reproduction or regeneration from 

fragments.

11. If a perennial, has brittleness so not easily drawn from the ground.

12. Has ability to compete interspecifically by special means (allelopathy).

However, using Baker’s list in a predictive capacity has met with little success. 

Problems suggested are that the characters themselves are not well defined 

(Perrins et al., 1992) or that the list is too broad (Lake and Leishman, 2004).
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The prediction of weeds from the biological traits they possess has been the 

focus of much research but has not met with a lot of success (Perrins et al., 

1992; Binggeli, 1996; Williamson and Fitter, 1996a; Goodwin et al., 1999a; 

Sutherland, 2004). Low (2002) has argued that weeds cannot be predicted with 

assurance because they are uncharacteristic. Difficulties also arise because of 

interactions between the plant species and the environment.

Despite this, there have been advances in the prediction of invasive organisms, 

particularly using the biological approach (Tucker and Richardson, 1995; 

Rejmanek and Richardson, 1996; Reichard and Hamilton, 1997; Grotkopp et al., 

2002). Statistical tools that are the most promising in using the biological 

approach to predict invasions include discriminant analysis, multivariate logistic 

regressions, path analysis and regression trees (Rejmanek, 2001). 

Rejmanek and Richardson (1996) worked with 24 species of Pinus L. (pines), 

which they classified as invasive and non-invasive. Simple discriminant 

analysis was performed by using 10 life history characters as predictors of 

memberships of the two classes (invasive and non-invasive). Only three 

characters contributed significantly to the discriminant function and consistently 

maximised the difference between the two classes: mean seed mass, mean 

juvenile period and mean interval between large seed crops. Next they applied 

the derived discriminant function to 34 different Pinus species and classified 

them as invasive and non-invasive. To see whether the discriminant function 

derived from Pinus was applicable to other woody seed plants, the discriminant 

function was applied to 40 highly invasive species. This correctly classified 38 

species as being invasive. Some of these species included legumes such as C. 

scoparius, U. europaeus, G. monspessulana and Robinia pseudoacacia L. 

(black locust). 

Grotkopp et al. (2002) also working with species from the Pinus genus, found 

that small seed mass, short generation time and in particular, high relative 

growth rate characterised invasive species in disturbed habitats. Further work 

showed that specific leaf area was the main factor responsible for the difference 

in relative growth rate between invasive and non-invasive Pinus. Lake and 
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Leishman (2004) also found that specific leaf area was the plant trait that most 

distinguished invasive and non-invasive exotic species in urban bushland 

around Sydney. However, Hamilton et al. (2005) working in a similar region in 

eastern Australia, did not find specific leaf area to be a successful predictor of 

invasion. At a continental scale, high specific leaf area was correlated with 

invasion success, as was small seed mass.

2.8 Predicting the potential impacts of weeds

Weeds can be defined as plants that have negative economic, ecological and/or 

social impacts. The magnitude of these impacts is an important determinant of 

the seriousness of a weed species (Virtue et al., 2001). The total impact of a 

species can be broken down into three parts: range, abundance and the effect per 

individual of unit biomass, or as an equation: I = R * A * E where R equals 

range, A is the abundance in numbers or biomass per unit area and E being the 

individual effect (Parker et al., 1999). 

The individual effects defined by Parker et al. (1999) are what many authors 

label as the impacts of the weed. In terms of environmental weeds, these can 

include reduced abundance and a decline in the diversity of native species, 

disruption and alteration of several ecosystem processes, such as fire and 

nutrient cycles (Groves and Willis, 1999) and restriction of physical movement. 

Weeds can also effect the survival prospects of vertebrate fauna by altering the 

availability of food, nest sites, cover and protection from predators (Adair, 

1995).

Defining impact has been given little formal attention until recently. Similarly, 

data on actual impacts of species are quite scarce. This is probably due to a lack 

of techniques available to measure impact within a short time period (Adair and 

Groves, 1997). Knowledge of species impacts will not only help in targeting 

funds for control of known weedy species but also in developing methods to 

predict impacts. Being able to distinguish invaders that impart minor impacts 
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from those with large impacts is crucial in order to prioritise management 

efforts (Parker et al., 1999; Richardson et al., 2000).

Predicting impact has also received little attention until late with most studies 

focusing on predicting invasiveness. Hastwell and Panetta (2005) attempted to 

distinguish south-east Queensland’s weeds of high and low impact by 

examining their plasticity in seedling growth to nutrient availability. 

Unfortunately plasticity did not differ between weeds of different impact. 

In a different approach, McIntyre et al. (2005) also working in south-east 

Queensland analysed plant traits and habitat factors between high and low 

impact exotic herbaceous species. Seven traits were significantly related to 

impact, but a number were correlated with each other. They concluded that C4 

perennial grasses and forbs with large animal dispersed seeds and wide lateral 

spread were likely to have the most potential impact in that environment. It 

appears plant trait based research may be a promising approach in attempting 

the prediction of impact in other species and regions.

2.9 Conclusions and rationale for proposed research

Legumes have been widely used throughout temperate Australia over the course 

of European history. They have added colour and worth to the home garden and 

most importantly, they have been an integral reason for the success of 

Australian agriculture. Legumes have also been able to escape from cultivation 

and successfully establish in the wild. Exotic legumes now comprise a 

significant component of temperate Australia’s flora. A number of legume 

species have established in natural ecosystems where some, such as U. 

europaeus, are having serious negative effects on the regeneration, persistence 

and growth of indigenous biota. Despite this, many legumes are still desirable 

plants and are viewed as essential tools in new farming systems and particularly 

in the fight against dryland salinity. Perennial legume species offer a practical 

option in achieving the goal of incorporating large numbers of perennials into 

farming systems. At present Australia lacks sufficient diversity in perennial 
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legume germplasm to achieve this. Most current Australian agricultural legumes 

have their origins outside of Australia, particularly from the Mediterranean 

basin. Seeking germplasm from overseas and importing it back to Australia is 

also seen as the most promising option for finding suitable perennial legume 

species.

Deliberate importation of new plant species is the primary source of weed 

species. To guard against this, Australia has established as part of its screening 

process for new plants, a weed risk assessment system. This assessment system 

generates a numerical score based on a set of questions that are positively 

correlated with weediness. The system is relatively new and its performance has 

caused concern. In particular, criticism has been labelled against its accuracy 

when assessing legumes, the amount of non-weeds it predicts as weeds and the 

number of cases where further evaluation is needed. As a pre-entry assessment 

system it is also unable to deal with transcontinental movement of plants and 

prioritising species for control. The prediction of weeds has historically been a 

difficult process but recent advances (e.g. biological characters for the 

prediction of invasive Pinus species) have been achieved. Predicting the impacts 

of weed species has received little attention despite the potential benefits that 

would arise from being able to distinguish species that impart major impacts 

from those with negligible impacts. 

The aims of this project are to: i) identify the level of impact that individual 

legume species with a similar history in temperate Australia are having in 

temperate natural ecosystems; ii) attempt to identify key inherent biological 

traits that are correlated with the impact of exotic legumes in temperate natural 

ecosystems; and iii) apply these results to refining the weed risk assessment 

system used by the Federal government to screen new plants, as well as by 

groups needing to prioritise legumes that have already naturalised for control 

programs. This work will also contribute to the global scarcity of knowledge 

about weed impacts and their prediction.
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3 The naturalisation and impact of legumes in 
temperate Australia

3.1 Introduction

Exotic legume species have been successful plants in temperate Australia, not 

only in cultivation, but also in being able to escape and form self-sustaining 

wild populations, a process otherwise known as naturalisation (Pysek et al., 

2004). Studies have indicated that exotic legumes comprise a significant 

proportion of the naturalised flora of temperate Australia (Kloot, 1986; Jessop, 

1993; Rozefelds et al., 1999). Unfortunately a number of these naturalised 

legume species are regarded to have serious impacts in natural ecosystems 

(Muyt, 2001; Paynter et al., 2003).

Williamson and Fitter (1996a) have generalised that only 1% of imported 

species are able to establish (naturalise) and of these, 10% will become weeds. 

A greater introduction pressure and longer residence times are both important 

factors in the naturalisation (Mulvaney, 2001) and invasion success (Rejmanek, 

2000) of species. It is also probable that there are varying degrees of weediness, 

or in other terms different impact levels, between naturalised species. 

Richardson et al. (2000) state that there are invasive plants that greatly alter 

ecosystems (transformers) and those with relatively benign impacts.

The level of impact of an invasive species is important in determining the 

seriousness of the species as a weed. As resources are limited, being able to 

differentiate those invaders that will impart major impacts from those with 

lower impacts will bring benefits in terms of prioritising management efforts 

(Parker et al., 1999; Richardson et al., 2000). This is a challenge when 

historically weed impacts in natural ecosystems have not received a great deal 

of research, especially in terms of quantitative measures. This is true not just for 

Australia (Grice et al., 2004) but the world in general (Parker et al., 1999). The 

object of this study was to identify which legumes with similar cultivation 
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histories in Australia, have been able to establish in natural ecosystems and 

what degree of impact they are perceived to have upon those systems. This 

study will also form the basis for the selection of a test species list that will be 

used in subsequent chapters.

3.2 Methods

3.2.1 Plant catalogues

Seventeen nursery and seed catalogues from the period 1905-1933 were 

examined. Catalogues were chosen from companies based in Sydney, 

Melbourne and Adelaide (see Appendix 1) and were selected on the basis of 

being complete and having a relatively large number of different plants 

available. Not all catalogues dealt with all plant types, for example catalogues 

often only dealt solely in woody plants or agricultural plants. In this way some 

legume species were listed in more catalogues than other species. To assess 

their popularity, species were categorised into seven groups distinguished by 

their catalogue classification (number of possible catalogues): woody climbers 

(17), Australian natives (16), multi-purpose (16), woody (13), non-woody 

climbers (11), vegetables and flowers (10) and agricultural (9). A popular 

legume was classed as appearing in 50% or more of possible catalogues. All 

legumes listed in the catalogues and the total number of catalogues in which 

they appeared were recorded.

The time period 1905-1933 was chosen for two reasons. Firstly, a good range of 

complete catalogues could be obtained during this period, as catalogues 

containing agricultural and vegetable species were unavailable before 1905. 

Secondly, the time period provided species 70-100 years to have had the 

opportunity to naturalise and impact in natural ecosystems. As there is no exact 

time period for this (Hobbs and Humphries, 1995; Groves, 2006), 70 years was 

thought to be sufficient (Hastwell and Panetta, 2005; McIntyre et al., 2005).
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3.2.2 Naturalised legumes 
 

Temperate Australia as illustrated by the Australian Bureau of Statistics (1994), was 

classified into the 51 botanical regions (Figure 3.1) used in the various state floras and 

by Hnatiuk (1990). Due to data for many species not being available separately for 

each of the Tasmanian regions, Tasmania was included as one region. 

 
 
 

 
NOTE:  This figure is included on page 41 of the print copy of the 
thesis held in the University of Adelaide Library. 
 

 
 
 

 

 

Figure 3.1: The botanical regions of Australia. Regions coloured in grey indicate 

temperate Australia as used in this study. The numbers positioned within botanical 

regions refer to their names as listed in Hnatiuk (1990). 
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The most recent floras or plant censuses were searched and all exotic legumes 

were noted (Marchant et al., 1987; Harden, 1990; Hnatiuk, 1990; Jessop, 1993; 

Walsh and Entwisle, 1993; Flora of Australia, 1998; Rozefelds et al., 1999; 

Flora of Australia, 2001a; Flora of Australia, 2001b; G. Keighery pers. 

commun. 2003). The number of botanical regions each particular legume was 

naturalised in was also recorded. In regard to Australian natives, only the 

number of regions a species was documented as naturalised outside of its 

original indigenous range were recorded. Where naturalisation distribution was 

sourced from the Flora of Australia, conservative interpretation was used due to 

the shading style employed in the flora maps.

3.2.3 Presence and level of impact in natural ecosystems

A questionnaire was distributed in March 2003 to recipients with expertise in 

environmental weeds and natural ecosystems in temperate Australia (Appendix 

2). The questionnaire was primarily distributed via email including the use of 

the Ecological Society of Australia’s list server. The aim of the questionnaire 

was to gauge which introduced legumes were present in natural ecosystems and 

what level of impact they were perceived as having. The term introduced 

referred to legumes present outside of their true indigenous range, so as to 

include Australian natives. A range of 40 species was provided in the 

questionnaire, but there was provision for other species to be listed. For the 

study, natural ecosystems were defined as natural areas without a history of 

being comprehensively cropped, grazed or cleared. Questionnaire recipients 

were given a choice of listing a species as having a “major”, “moderate” or 

“insignificant” impact as well as an “absent” and “don’t know” option. The 

following guidelines were provided for respondents when specifying a species’ 

impact: 

· Major Impact: Becomes the dominant species of the stratum forming a 

monoculture, leading to a significant decline in the number, size and/or density 

of indigenous plant species.

· Moderate Impact: Species that are relatively abundant and cause a 

decline in the number, size and/or density of indigenous plant species 
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· Insignificant Impact: Species that are present at low densities, but do not 

cause a discernible decline in the number, size and/or density of indigenous 

plant species.

Only species that received 10 or more responses were included in the results. A 

species was classified into an impact class (major, moderate or insignificant) if 

the majority of respondents categorised it in that particular class (i.e. modal 

classification). In addition, species were also given an impact score. This was 

achieved by giving the three impact levels nominated in the questionnaire 

(major, moderate and insignificant) a score of 4, 2 and 1 respectively. Each 

response for a particular species was given the appropriate score and then the 

scores were averaged using the total number of responses for each species.

3.3 Results

3.3.1 Plant catalogues

There were a total of 235 identified legume species found in the catalogues 

observed from 1905 to 1933 (see Appendix 3). There were an additional 28 

legumes listed that could not be positively identified and were not further 

considered. Legumes not originating from Australia comprised the majority of 

species with 143 (60.6%) taxa. However, on a continent-by-continent basis most 

catalogue legumes were Australian (Figure 3.2). Shrubs were well represented 

among the catalogued legumes, making up 43.4% of species (Table 3.1). 

Woody perennial species were the dominant life form comprising 170 out of 

235 (72.3%) species. Twenty-seven taxonomic tribes were represented in the 

catalogue legumes with species from the tribe Acacieae, followed by Cytiseae 

and Phaseoleae being the most frequent (data not shown). Over 70 species 

occurred in more than 50% of possible catalogues and 18 species occurred in all 

possible catalogues. Species to achieve this included Acacia pycnantha Benth. 

(golden wattle), C. scoparius, M. sativa and V. faba.
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Figure 3.2: The geographical origin of legumes present in catalogues from 

1905-1933.
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Table 3.1: Number of catalogue legume species recorded as naturalised and their presence and level of impact in natural ecosystems. The 

total is less than the sum of all categories as certain species occur in more than one category. Biennials and annual/perennials are not 

shown

Catalogue 

(C)

Naturalised Natural 

ecosystems

Major impact Moderate impact Insignificant 

impact

No. % of C No. % of C No. % of C No. % of C No. % of C

Trees 55 17 (30.9) 7 (12.7) 1 (1.8) 4 (7.2) 2 (3.6)

Shrubs 102 18 (17.6) 5 (4.9) 3 (2.9) 2 (2) 0 (0)

Woody climbers 13 3 (23.1) 1 (7.7) 1 (7.7) 0 (0) 0 (0)

Herb. climbers 15 7 (46.7) 0 (0) 0 (0) 0 (0) 0 (0)

Non-climb. herbs 50 26 (52.0) 12 (24) 0 (0) 0 (0) 12 (24)

Woody 

perennials

170 38 (22.4) 13 (7.6) 5 (2.9) 6 (3.5) 2 (1.2)

Herb. perennials 30 14 (46.7) 5 (16.7) 0 (0) 0 (0) 5 (16.7)

Herb. annuals 27 16 (59.3) 6 (22.2) 0 (0) 0 (0) 6 (22.2)

Total 235 71 (30.2) 25 (10.6) 5 (2.1) 6 (2.6) 14 (5.9)
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3.3.2 Naturalised legumes

A total of 167 naturalised legume species from 49 genera were recorded in 

temperate Australia (see Appendix 4). The majority (86.6%) of these did not 

originate from Australia. Most naturalised legumes originated from Europe 

(including north Africa and the Middle East), followed in declining order by 

Australia, the Americas, sub-Saharan Africa and Asia (Figure 3.3). 

Europe & Nth
Africa
Australia

Sub-Saharan
Africa
Americas

Asia

New Zealand

Unknown

Hybrids

Figure 3.3: The geographical origin of legumes naturalised in temperate 

Australia.

Non-climbing herbs comprised the largest growth habit category of naturalised 

legumes, representing 48.5% of all species (Table 3.2). The tribe Trifolieae, 

chiefly made up of Trifolium and Medicago species, was particularly well 

represented making up 33.9% of naturalised legume species. Herbaceous annual 

legumes were the most commonly naturalised legumes, closely followed by 

woody perennials and then herbaceous perennials. There were only a small 

number of herbaceous biennials, annual/perennials and annual/biennials 

naturalised (Table 3.2). 
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Table 3.2: Number of naturalised legumes in temperate Australia as depicted by 

growth habit and life form. The total is less than the sum of all categories as 

certain species occur in more than one category

Category Total Naturalised Per cent of total (%)

Trees 23 13.8

Shrubs 38 22.8

Woody climbers 3 1.8

Herbaceous climbers 21 12.6

Non-climbing herbs 81 48.5

Woody perennials 64 38.3

Herbaceous perennials 24 14.4

Herbaceous annuals or 

perennials

3 1.8

Herbaceous annuals 74 44.3

Herbaceous annuals or 

biennials

1 0.6

Herbaceous biennials 1 0.6

Total 167

There were 24 species that had naturalised in more than 50% of regions with M. 

polymorpha being the most widespread species, occurring in 48 of the 51 

(94.1%) regions. Only two Australian legumes, namely Acacia saligna and A. 

pycnantha, had naturalised in more than 50% of regions outside of their 

indigenous range. Seven of the 24 species occurring in more than 50% of 

regions have been or are being used as commercial pasture plants. 

3.3.3 Presence and level of impact in natural ecosystems

Fifty-four completed questionnaires were received. Responses were received 

from each of the five temperate states as well as the Australian Capital 

Territory.
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A total of 36 legume species (receiving the required minimum number of 10 

responses) were reported to be present in natural ecosystems and are shown with 

their modal impact classification and impact score in Table 3.3. Five legume 

species were classified as being major impact species. Eight species of legumes 

were moderate impact species, leaving the majority of legumes classified as 

having insignificant impacts in natural ecosystems (Table 3.3). 

Exotic legumes present in temperate Australian natural ecosystems were 

predominately European but there were also Australian, African and an 

American species present. Non-climbing herbaceous legumes were the most 

common in natural ecosystems, followed by trees, shrubs and climbers (Table 

3.3). There were similar numbers of annuals and woody perennials with 44.4% 

and 38.9% respectively as well as five herbaceous perennials and one biennial. 

Legumes from nine tribes were reported in natural ecosystems. Legumes from 

the tribe Trifolieae were the most common. Agricultural species were more 

frequent in natural ecosystems than ornamental legumes.

All major impact legumes were woody perennial species (Table 3.3). These 

comprised three shrubs, one tree and one climber. Four of the eight moderate 

impact legumes were trees with three shrubs and one herbaceous climber. 

Ninety-one per cent of insignificant impact species were non-climbing herbs. 

Only two woody legumes (A. decurrens and R. pseudoacacia) were classified as 

insignificant impact species and both were trees. Woody perennial species were 

found in all three impact classes, whereas herbaceous perennials were reported 

as only having insignificant impacts. Only one annual species, Lathyrus 

tingitanus L. (Tangier pea) was classified as having a moderate impact and none 

were classified as having a major impact (Table 3.3). Three of the five major 

impact legumes were from the tribe Cytiseae but there were insufficient data to 

ascertain whether this was significant. Insignificant impact legumes were 

largely from the tribe Trifolieae. All major impact legumes were ornamental 

species. All insignificant impact legumes were agricultural apart from the two 

woody species, which were used as ornamentals (Table 3.3).
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Table 3.3: Species reported to be present in temperate natural ecosystems and their level of impact as assessed by questionnaire 

respondents

Species Impact classification Impact score Growth habit1 Life form2 Tribe3 Usage4

Acacia longifolia subsp. longifolia Major 2.75 T P A O
Cytisus scoparius Major 3.14 S P C O
Dipogon lignosus Major 2.67 WC P P O
Genista monspessulana Major 3.23 S P C O
Ulex europaeus Major 3.06 S P C M
Acacia baileyana Moderate 1.77 T P A O
Acacia cyclops G. Don Moderate 2.8 S P A O
Acacia saligna Moderate 2.00 T P A M
Cytisus proliferus Moderate 2.06 T P C M
Genista linifolia Moderate 2.40 S P C O
Lathyrus tingitanus Moderate 1.71 HC A V A
Paraserianthes lophantha Moderate 1.94 T P I O
Psoralea pinnata Moderate 2.07 S P Ps O
Acacia decurrens Insignificant 1.41 T P A O
Lotus corniculatus Insignificant 1.20 H P L A
Lupinus angustifolius Insignificant 1.21 H A C A
Lupinus cosentinii Guss. Insignificant 1.57 H A C A
Medicago minima (L.) L. Insignificant 1.39 H A T A
Medicago polymorpha L. Insignificant 1.35 H A T A
Medicago sativa Insignificant 1.32 H P T A
Medicago truncatula Insignificant 1.30 H A T A
Melilotus albus Medik. Insignificant 1.20 H B T A
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Species Impact classification Impact score Growth habit1 Life form2 Tribe3 Usage4

Melilotus indicus (L.) All. Insignificant 1.20 H A T A
Robinia pseudoacacia Insignificant 1.30 T P R O
Trifolium angustifolium L. Insignificant 1.59 H A T A
Trifolium arvense Insignificant 1.42 H A T A
Trifolium campestre Schreb. Insignificant 1.46 H A T A
Trifolium dubium Sibth. Insignificant 1.37 H A T A
Trifolium glomeratum L. Insignificant 1.41 H A T A
Trifolium fragiferum L. Insignificant 1.14 H P T A
Trifolium pratense L. Insignificant 1.13 H P T A
Trifolium repens Insignificant 1.22 H P T A
Trifolium striatum L. Insignificant 1.10 H A T A
Trifolium subterraneum Insignificant 1.38 H A T A
Trifolium tomentosum L. Insignificant 1.24 H A T A
Vicia sativa Insignificant 1.50 HC A V A
1 S = Shrub, T = Tree, WC = Woody climber, HC = Herbaceous climber, H = Non-climbing herb
2 P = Perennial, A = Annual, B = Biennial
3 A = Acacieae, C = Cytiseae, I = Ingeae, L = Loteae, P = Phaseoleae, Ps = Psoraleeae, R = Robinieae, T = Trifolieae, V = Vicieae
4 A = Agricultural, O = Ornamental, M = Multi-purpose
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3.3.4 The fate of catalogue legumes 

Of the total of 235 legume species that appeared in nursery catalogues from 

1905 to 1933, 71 (30.2%) were recorded as naturalised (Table 3.1). Exotic 

legumes were more successful at naturalisation than Australian native species. 

European legumes were the most abundant species. Woody perennial legumes 

were among the more numerous of the catalogue legumes to naturalise; 

however, both perennial and annual herbaceous species had much higher 

naturalisation rates (22.4% vs. 46.7 and 59.3% respectively) (Table 3.1). 

Twenty-five catalogue legumes (10.6%) were reported to be present in natural 

ecosystems (Table 3.1). Almost half (48%) of these were non-climbing 

herbaceous legumes. Non-climbing herbs (24%) and annual (22.2%) legumes 

had the highest rates of establishing in natural ecosystems. All five legumes 

found to have a major impact were present in the catalogues searched. Shrubs 

possessed a higher probability (2.9%) of becoming major impact species and 

tree species a higher chance (7.2%) of becoming moderate impact species 

(Table 3.1).

Introduction pressure, as measured by the number of catalogues a species was 

present in, influenced naturalisation rate. Of the species present in 50% or more 

of possible catalogues, 55.6% were recorded as naturalised (Table 3.4) 

compared to 30.2% for all legumes (Table 3.1). Naturalisation rates were 

markedly higher for both woody and herbaceous perennials, but not for annuals 

(Table 3.4 vs. Table 3.1). However, there was no correlation between the 

number of catalogues a legume species was in and how widely it was recorded 

as naturalised.

Introduction pressure also increased the rate at which legumes were able to 

establish in natural ecosystems from 10.6% to 22.2%. All growth habits had 

higher transition rates, as did both woody and herbaceous perennial species 

(Table 3.4 vs. Table 3.1).
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Table 3.4: The number of legume species present in 50% or more of possible catalogues recorded as naturalised and their presence and 

level of impact in natural ecosystems. The total is less than the sum of all categories as certain species occur in more than one category. 

The biennial species is not shown

Catalogue 

(C)

Naturalised Natural ecosystems Major impact Moderate impact Insignificant 

impact

No. % of 

C

No. % of C No. % of C No. % of C No. % of 

CTrees 20 12 (60.0) 6 (30.0) 1 (5.0) 4 (20.0) 1 (5.0)

Shrubs 15 4 (26.7) 1 (6.7) 1 (6.7) 0 (0) 0 (0)

Woody climbers 5 2 (40.0) 1 (20.0) 1 (20.0) 0 (0) 0 (0)

Herb. climbers 6 5 (83.3) 0 (0) 0 (0) 0 (0) 0 (0)

Non-climbing herbs 26 17 (65.4) 8 (30.8) 0 (0) 0 (0) 8 (30.8)

Woody perennials 41 18 (43.9) 8 (19.5) 3 (7.3) 4 (9.8) 1 (2.4)

Herb. perennials 13 11 (84.6) 5 (38.5) 0 (0) 0 (0) 5 (38.5)

Herb. annuals 14 9 (64.3) 2 (14.3) 0 (0) 0 (0) 2 (14.3)

Total 72 40 (55.6) 16 (22.2) 3 (4.2) 4 (5.6) 9 (12.5)
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3.4 Discussion

3.4.1 Plant catalogues

The catalogue method employed in this study was chosen as catalogues better 

reflect the planting trends of the human population than contents of botanical 

gardens and agricultural field trials. Every catalogue of the period was not 

searched, rather a sample of catalogues deemed satisfactory to gauge the 

planting trends of the time. 

Woody legumes, especially shrubs, were highly represented in the catalogue 

entries. These were mainly for use in the home garden rather than for forestry or 

shelter. The high proportion (51 species) of Acacia species contributed heavily 

to this result. This may be a reflection of a high interest in growing Australian 

native plants at this time, perhaps coinciding with increased patriotism arising 

after Federation. Eucalypts were also popular with nurseries during this time 

(Mulvaney, 1991). Ease of collection and the copious amount of seed produced 

would have also been factors in the large predominance of Acacia species.

It is unlikely that the lower number of agricultural catalogues searched affected 

the results significantly. There were still an adequate number of catalogues 

searched over the whole time period studied to give a clear picture of the 

number of legume species being employed in agricultural systems. The range of 

species available did not alter greatly over the 28 years searched. This is to be 

expected, as farmers need to employ less risk in species selection than home 

gardeners who generally do not rely on their plants for a living and are always 

seeking to try something new (Virtue et al., 2004). The development of 

successful and cost-effective methods for large scale harvesting and cleaning of 

seed to meet the demands of farmers (Hill, 1936) would have been difficult to 

achieve for many species in that era. 

As discussed by Mulvaney (1991) there are a number of problems associated 

with using the catalogue method. These include spelling errors and a reliance on 
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correct identification by nurserymen whether deliberate or otherwise. By far the 

biggest problem in the catalogue study was in regard to synonymy with some 

species being listed under a plethora of names. In this study there were still 28 

names that could not be positively identified with a legume species.

3.4.2 Naturalised legumes

Non-climbing herbaceous legumes made up the largest group of naturalised 

legumes and were the most successful at being able to naturalise. Herbaceous 

legume species also made up the largest group of naturalised legumes in Taiwan 

(Wu et al., 2003). A number of factors would have contributed to this situation 

in temperate Australia. One is that pasture legumes in temperate Australia have 

been (and are) largely selected for their persistence. This selection favours 

species capable of forming self-sustaining populations with large, long-lived 

seed banks, the same traits essential in naturalisation (Baker, 1974; Hazard, 

1988). Another factor contributing to their success would be the sheer area and 

volume of seed introduced and planted. In 1935, over 700 hectares of T. 

subterraneum were being harvested for seed production in South Australia alone 

(Hill, 1936). Introduction frequency is an important factor in naturalisation 

success (Williamson and Fitter, 1996b; Mulvaney, 2001) and this type of area 

would have far exceeded anything grown for ornamental purposes. The third 

factor contributing to the naturalisation success of non-climbing herbaceous 

legumes is their resilience to grazing by both introduced and native animals.

There were 96 (57.5%) legume species recorded as naturalised that did not 

appear in any of the catalogues searched in the early part of the 1900s. Non-

climbing herbaceous legumes were again the most common growth form and 

comprised 57.3% of these naturalised species. The study highlighted the fact 

that many legumes have been able to naturalise despite not being commercially 

available, at least widely in the early part of the 20th century. This is common 

for many Medicago, Trifolium and Vicia species naturalised today. Many of the 

pasture legumes now widely used in Australia were introduced accidentally. It is 

thought that they mainly came in as contaminants in other seeds but also caught 
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in the wool and hair of livestock brought by early European colonists 

(Gladstones and Collins, 1983). Well suited to grazing, these legumes have been 

dispersed readily by domestic livestock across temperate Australia, often 

without commercial intervention (Fortune et al., 1995). T. arvense and M. 

minima are examples of widespread species commonly found in pastures but 

with no history of deliberate commercial improvement or distribution. 

Whilst legumes present in 50% or more of catalogues had a higher 

naturalisation rate, there was no correlation between the number of catalogues a 

legume species was in and how widely it was recorded as naturalised. A number 

of species have been able to naturalise widely but only appeared in two or three 

catalogues. Accidental introductions as mentioned above and agricultural 

species planted over large areas would probably account for this. Inherent 

biological characteristics must have also played a role. 

3.4.3 Presence and level of impact in natural ecosystems

From the questionnaire responses 36 legumes have been reported on in this 

study. It must be remembered that only species for which there were 10 or more 

responses were included in the analysis of impact. There were 50 additional 

species that were reported to be present in natural ecosystems but failed to 

receive the required 10 responses. It is not intended to suggest these 50 species 

are not having an impact in natural ecosystems. For example, legumes such as 

A. longifolia subsp. sophorae are clearly having a detrimental impact (Costello 

et al., 2000). It is also possible that further exotic legume species are yet to be 

located in natural ecosystems and hence have not been reported at all. However, 

there were still a lower number of species reported in natural ecosystems than 

was recorded as naturalised. The lower levels of disturbance in natural 

ecosystems coupled with the fact that southern Australian natural ecosystems 

are generally low in soil fertility makes it a much more difficult task for plants 

to invade and successfully establish (Hobbs and Atkins, 1988). 
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The questionnaire method of measuring impact was chosen due to the current 

lack of techniques available to measure this variable quantitatively within a 

short time period. Impact assessment of species by an expert panel was also 

employed by Batianoff and Butler (2003) in their assessment of south-east 

Queensland’s priority invasive weeds. When using this subjective method, 

Davis (2003) stressed the need for sound scientific reasoning to support these 

assessments. Questionnaire respondents in this study were not asked to provide 

reasons why they ranked a species a particular way, but from an examination of 

these data it would seem abundance was a major reasoning. Parker et al. (1999)

have stated that abundance is only one of three products that equate to total 

impact. Range as well as the individual effect of the invader must also be 

considered. 

Although very common in natural ecosystems, non-climbing herbaceous 

legumes were consistently classified as having insignificant impacts. It is 

possible that questionnaire respondents underestimated the impact of non-

climbing herbaceous legumes primarily due to their size and growth habit, often 

being prostrate and plants of the ground stratum. It could also be that these 

herbaceous legumes actually go unnoticed, again because of size and growth

habit. One of the factors responsible for the success and popularity of pasture 

legumes in temperate Australia has been for their ability to increase soil 

nitrogen due to their symbiosis with compatible nodule forming bacteria. This 

increase could well aid in the establishment of other alien plants. Carino and 

Daehler (2002) found this with the herbaceous Chamaecrista nictitans (L.) 

(partridge pea), which assisted alien grass invasion. Due to this process of 

nitrogen fixation it is possible that the herbaceous legumes are having a higher 

impact than reported in the questionnaire.

It must be stressed that the period between introduction, naturalisation and full 

impact is highly variable between species and can exceed the 70 year time 

frame used in this study (Groves, 2006). Consequently it is possible that some 

of the legume species observed in the catalogues will only naturalise in the 

future and the impact of some already naturalised species may increase over 

time. 
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Only one major impact legume, U. europaeus could be described as having an 

agricultural usage, being documented as a fodder plant (Parsons and 

Cuthbertson, 2001). Even so, U. europaeus was probably used more as an 

ornamental and hedge plant (Richardson and Hill, 1998) than purely for fodder. 

All the other major impact species had solely ornamental usages. Insignificant 

impact legumes on the other hand are almost completely agricultural legumes. 

This suggests that ornamental horticulture is the most likely source of major 

impact legume weeds in temperate Australia. This sector has also been listed as 

the major source of all environmental weeds (Dempster, 2002; Virtue et al., 

2004). It is of particular concern that eight of the 13 major and moderate impact 

legumes can still be bought commercially in parts of temperate Australia 

(Groves et al., 2005). To address this issue, continued collaboration between the 

nursery and garden industry and weed scientists is needed to encourage the 

promotion and sale of non-invasive species.

Recent research has advocated using perennial legumes to aid in managing 

dryland salinity in southern Australia. The two ways this could be achieved is 

by the growing of pasture legumes (Cocks, 2001) or with agroforestry (Byrne 

and Broadhurst, 2003). Lefroy (2002) has suggested that the introduction and 

testing of further exotic arboreal species carries an unacceptable weed risk. This 

study would support the view that further introduction and selection of woody 

legumes for agroforestry poses a substantial weed risk. The most 

environmentally sensible option in finding suitable legumes for salinity 

mitigation would be to restrict efforts to perennial herbaceous pasture legumes.

3.4.4 Species selection for use in the prediction of impact (test species)

Exotic legumes in natural ecosystems can be divided into two distinct classes –

woody species and herbaceous species. Woody species have almost exclusively 

higher impacts than herbaceous species. It would seem division of temperate 

legumes into the two classes based on growth habit is warranted. The reasons 

for this are: i) the higher impacts of the woody species; ii) their differing growth 
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habits (and for the majority, life forms – perennial vs. annual); and iii) the fact 

that the most success from predicting a weediness feature (i.e. invasiveness) has 

been with woody seed plants (Rejmanek and Richardson, 1996; Grotkopp et al., 

2002).

The test species list for use in the identification of biological traits correlated 

with the relative impact of species in natural ecosystems was intended to 

comprise popular legumes of four impact groups – major, moderate, 

insignificant and no impact. The original aim was to choose species which all 

had a similar history of popular use in Australia to account for the effects of 

introduction pressure and residence time on naturalisation success (Mulvaney, 

2001). This would have involved selecting species that only appeared in 50% or 

more of possible catalogues. In terms of the woody species, the result of this 

would leave only 10 species eligible for the major, moderate and insignificant 

impact classes with the majority having a moderate rating. The herbaceous 

species would fare worse with only eight species, all categorised as 

insignificant. Such a small number of species (which would further decrease if 

the list was adjusted to create even groups) would make it extremely difficult to 

be able to distinguish between impact groups with any confidence. 

Consequently, the selection criteria were expanded to accommodate all species 

which were identified in the questionnaire (still with a minimum of 10 

responses). This resulted in 14 woody and 22 herbaceous species being potential 

candidates for inclusion in the major, moderate and insignificant impact classes 

of the test list. All species had references to being grown and/or naturalised in 

temperate Australia before 1933. 

In terms of the no impact group, the selection criteria was to choose species 

which were present in the catalogues, were not reported in the questionnaire and 

which have limited naturalisation (≤3 botanical regions) in temperate Australia. 

There were large numbers of species from which to choose, but a preference 

was given to species which were observed in and near to Adelaide, South 

Australia to enable collection of seed and field data. Finally, groups were further 

modified so that they consisted of an equal number of species per group. This 
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had the result of removing the insignificant group from the woody species list as 

it contained only two taxa. 

The modal method of partitioning species into impact groups only resulted in 

one herbaceous species not having an insignificant impact. Hence, this method 

does not allow for exploration of differences in this group with regard to impact. 

To examine if there were differences in this group, a closer inspection of the 

questionnaire responses using the impact score method, was employed. Species 

with a score over 1.5 were classified as consequential and those below, 

inconsequential impact herbs. This had the effect of classifying three species as 

consequential and the remainder as inconsequential. These groups, along with 

the no impact group, were used as the three test groups for the herbaceous 

species. The final test species list is shown in Table 3.5.

Table 3.5: Test species list for use in the identification of key biological traits 

that are correlated with impact in natural ecosystems

Species Impact group Impact score Per cent of possible 

catalogues

Woody

Acacia longifolia subsp. 

longifolia

Major 2.75 50

Cytisus scoparius Major 3.14 94.1

Dipogon lignosus Major 2.67 94.1

Genista monspessulana Major 3.23 25

Ulex europaeus Major 3.06 31.3

Acacia baileyana Moderate 1.77 100

Acacia saligna Moderate 2.00 75

Cytisus proliferus Moderate 2.06 62.5

Paraserianthes 

lophantha 

Moderate 1.94 56

Psoralea pinnata Moderate 2.07 0

Acacia cultriformis G. 

Don

No n/a 75
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Species Impact group Impact score Per cent of possible 

catalogues

Bauhinia variegata No n/a 38.5

Ceratonia siliqua No n/a 93.8

Cercis siliquastrum L. No n/a 100

Styphnolobium 

japonicum (L.) Schott

No n/a 50

Herbaceous

Lathyrus tingitanus Consequential 1.71 0

Lupinus cosentinii Consequential 1.57 0

Trifolium angustifolium Consequential 1.59 0

Medicago polymorpha Inconsequential 1.35 44.4

Medicago sativa Inconsequential 1.32 100

Vicia sativa Inconsequential 1.5 0

Lathyrus odoratus No n/a 100

Trifolium alexandrinum No n/a 88.9

Vicia faba No n/a 100

3.5 Conclusion

An examination of nursery catalogues from the early part of the 20th century, 

indicated that legumes were widely cultivated throughout temperate Australia 

during this time. A number of these species have been able to escape and 

naturalise across most of temperate Australia. Non-climbing herbaceous legume 

species were the most common type of legume recorded as naturalised. A 

smaller number of naturalised species were reported as being present in natural 

ecosystems. A higher introduction pressure increased the chance of legume 

species being able to naturalise and also establish in natural ecosystems. Exotic 

legumes have become a substantial risk to the future of these ecosystems and 

according to this study, woody perennial legumes are causing the most 

significant impacts. A number of these high impact legumes have the ability to 
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act as transformers, greatly altering ecosystem function and condition 

(Richardson et al., 2000). Efforts to prevent further legume species from 

becoming major pests of the natural environment are of paramount concern. A 

greater knowledge of legume biology may aid in a better understanding of the 

success of naturalised legume species and may have applications in weed risk 

assessment systems. In particular, defining the attributes that distinguish high 

impact species from other legumes would have considerable benefits. The 

division of legume species into impact groups is the first step in allowing this to 

be done. To be more confident of the species’ grouping, field validation of their 

perceived impact would be beneficial.
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4 Abundance of exotic legumes in temperate 
natural ecosystems

4.1 Introduction

The total impact of a species is a product of three parts: range, abundance and 

the individual effect (Parker et al., 1999). The individual effects of 

environmental weeds and weeds in general are the most common element of 

impact that is studied and is often referred to as the actual impact. The effects on 

the invaded community are numerous. These include: a reduction in the growth 

and diversity of desirable plants, a physical impediment on movement, a 

reduction in product quality, negative effects on animal health and they can also 

act as hosts for pests and diseases (Virtue et al., 2001). 

Defining impact has been given little formal attention until recently. Similarly, 

studies on actual impacts of species in Australia are quite rare (Grice et al., 

2004). This is probably due to a lack of techniques available to measure impact 

within a short time period (Adair and Groves, 1997). In a review of the few 

quantitative studies of environmental weed impacts in Australia that have been 

conducted, Grice et al. (2004) found that some generalisations could be made. 

These were that the abundance of the exotic species is negatively correlated 

with the abundance of native plant species including individual threatened 

species. A reduction in the common components of vegetation communities was 

also related to the incursion of exotic species.

Being able to distinguish major impact species from those with minor impacts is 

crucial in order to prioritise management efforts (Parker et al., 1999; Richardson 

et al., 2000). To use this information in a predictive capacity and apply it to 

species before they are introduced or are recently naturalised, we must first 

identify the level of impact of known species. The results in Chapter 3 identified 

the perceived level of impact that 36 legume species were having in temperate 

natural ecosystems. To be more confident in the grouping of these species in 
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particular impact classes, it is important to obtain quantitative measurements in 

the field. As has been stated, measures of impact are often long-term or require 

comparable control sites for multi-site approaches (Adair and Groves, 1997). 

However, due to the generalisations found by Grice et al. (2004), abundance 

could be a surrogate measurement of impact. There are several methods 

available to measure plant abundance both subjectively and quantitatively. The 

aim of this study was to measure quantitatively, the abundance of established 

exotic legumes identified in the questionnaire (Chapter 3) in natural ecosystems.

4.2 Methods

4.2.1 Sites

Sites were identified from the questionnaire responses described in Chapter 3, as 

well as from personal observations (Table 4.1). The criteria for assessing a 

suitable site was that the area constituted a natural ecosystem in that it was not 

overtly unnaturally disturbed and had areas where the majority of species were 

native. The legume species under study also had to be present over a large 

enough area for several 50 metre transects to be laid out and also consist of 

predominantly mature plants. Sites were visited during spring and early summer 

so that annual species would be present and have attained their maximum size.
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Table 4.1: The sites at which legume species were studied

Target legume Perceived 

impact

Site name State/Territory

A. baileyana Moderate Stoneville WA

A. longifolia Major Albany WA

A. longifolia Major Stoneville WA

C. scoparius Major Mt George SA

C. scoparius Major Mylor SA

D. lignosus Major Little Grove WA

D. lignosus Major Porongurup WA

D. lignosus Major Roleystone WA

G. monspessulana Major Deep Creek SA

L. cosentinii Consequential Cape Jervis SA

P. lophantha Moderate Eaglehawk Neck Tasmania

T. angustifolium Consequential Cape Jervis SA

T. arvense Inconsequential Cape Jervis SA

T. arvense Inconsequential Tailem Bend SA

T. subterraneum Inconsequential Mulligans Flat ACT

U. europaeus Major Macclesfield SA

4.2.2 Measure of abundance

A tape measure was laid through each study site to create a 50 m transect. Edges 

of native vegetation were avoided. The number of transects taken at each site 

varied due to time constraints at non-South Australian locations, where greater 

emphasis was placed on visiting a larger number of sites. At 50 cm intervals a 

1.5 m long by 4 mm diameter steel pole was lowered through the vegetation 

until it touched the soil surface. A spirit level was attached to the pole so 

readings could be taken perpendicular to the ground. Where surveys where 

conducted in low vegetation a 50 cm long by 4 mm diameter pole was used. 

Whether or not the target legume touched the pole was recorded. To overcome 

difficulties in species identification, all other species were grouped into 
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categories of similar growth habits (Table 4.2). Vegetation over 1.5 m was 

deemed to have hit the vertical projection by optical estimation. Overstorey 

species that were deemed to be over 3 m were not recorded. Multiple hits (on 

the same vertical projection) by the same species or vegetation group were not 

recorded. The number of times the target legume was hit was expressed as a 

percentage of the total number of vertical projections. This is an estimation of 

the area covered by a species and is a quantitative measure of plant abundance 

(Kershaw and Looney 1985). 

Table 4.2: Classification categories the vegetation was grouped into and 

recorded as at each site

Vegetation group

Trees

Shrubs

Monocotyledons

Herbs

Climbers

Ferns

Bare ground/litter

4.2.3 Statistical analysis

Due to the large differences in the structure of the resident plant communities, 

the number of times the other vegetation groups touched the pole were summed 

together and then treated in the same way as the target legume. Due to multiple 

horizontal layers of vegetation, values of over 100% were encountered when 

calculating the percentage cover of the other vegetation. The legume and other 

vegetation data were arcsine and square root transformed respectively before the 

analysis. Statistical differences in percentage cover were tested using a general 

ANOVA with species as the factor and the site defined as a replicate. Six 

sample contrasts were established to compare differences between the four 

impact groups. All analysis was performed using Genstat 6.1. The percentage 
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cover of the target legume was also plotted against its impact score detailed in 

Chapter 3 to examine if a relationship existed. It was deemed inappropriate to 

conduct a logistic regression analysis due to insufficient data, especially in 

regard to moderate impact species.

4.3 Results

4.3.1 Percentage cover of the studied legume

There were significant differences (P<0.05) in the percentage cover of legume 

species in the natural ecosystems studied. All sites where D. lignosus was 

studied had higher cover than all other locations. Porongurup in particular, 

recorded very high values with an average of 98% cover. The five sites where 

herbaceous legumes were studied had lower percentage cover with all sites 

having a mean value under 25% (Table 4.3). 
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Table 4.3: Mean percentage cover of the target legume and the sum of the other 

vegetation groups (± SE) at each site 

Site name Target legume Number 

of 

transects

Mean % cover 

of target 

legume

Mean % cover 

of the 

combined other 

vegetation 

groups

Stoneville A. baileyana 2 27.72 (2.97) 95.05 (0.99)

Albany A. longifolia 2 63.37 (12.90) 81.19 (2.38)

Stoneville A. longifolia 2 69.31 (4.95) 86.63 (1.34)

Mt George C. scoparius 4 84.65 (3.25) 89.77 (3.80)

Mylor C. scoparius 3 68.98 (1.44) 60.15 (0.87)

Little Grove D. lignosus 2 87.13 (1.98) 69.31 (2.97)

Porongurup D. lignosus 3 98.68 (0.87) 0 (0.00)

Roleystone D. lignosus 3 93.07 (0.99) 19.14 (6.87)

Deep Creek G. monspessulana 3 74.59 (1.32) 58.75 (1.75)

Cape Jervis L. cosentinii 4 24.26 (2.08) 97.28 (4.43)

Eaglehawk 

Neck

P. lophantha 3 70.63 (18.00) 122.77 (6.29)

Cape Jervis T. angustifolium 4 22.03 (2.40) 95.30 (4.09)

Cape Jervis T. arvense 4 23.51 (0.08) 96.78 (5.23)

Tailem Bend T. arvense 4 7.18 (2.75) 104.95 (11.80)

Mulligans 

Flat

T. subterraneum 3 8.25 (2.88) 50.83 (4.14)

Macclesfield U. europaeus 4 83.42 (1.10) 28.71 (4.33)

4.3.2 Percentage cover in relation to perceived impact

There were differences in cover when the different impact groups obtained from 

Chapter 3, were compared. There were highly significant differences between 

the major impact group and both herbaceous groups (P≤0.001). Differences also 

occurred between the major and moderate impact groups (P<0.05) and the 
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moderate and inconsequential herbaceous groups (P<0.05). There was no 

significant difference in cover between the consequential and inconsequential 

impact herbaceous groups (Table 4.4).

When examining the cover of target species against their perceived impact score 

there was a trend for species with high impact scores to have higher cover in 

natural ecosystems (Figure 4.1).

Table 4.4: Summary of analysis of variance comparisons between impact 

groups for percentage cover of the target legume

Variable F pr.

Species 0.007

Major vs. Moderate 0.031

Major vs. Consequential 0.001

Major vs. Inconsequential <.001

Moderate vs. Consequential 0.103

Moderate vs. Inconsequential 0.039

Consequential vs. Inconsequential 0.423

Species impact score
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Figure 4.1: Relationship between a species perceived impact score and its 

percentage cover in natural ecosystems. Per cent cover is represented by the 

mean at each site. Error bars indicate the standard error of the per cent cover. 
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4.3.3 Percentage cover of other vegetation groups

There was no significant difference in the percentage cover of other vegetation 

present between target legumes. There were also no significant differences 

between the impact groups. 

There was a negative trend between the cover of the target legume and the cover 

of the other vegetation groups (Figure 4.2). This was also true between the 

impact score of the target legume and the cover of the other vegetation groups.

Cover of target legume (%)

0 20 40 60 80 100

C
ov

er
 o

f o
th

er
 v

eg
et

at
io

n 
gr

ou
ps

 (%
)

0

20

40

60

80

100

120

140

Figure 4.2: Relationship between the per cent cover of the target legume and the 

combined per cent cover of the other vegetation groups; ▲ major impact, ■ 

moderate impact, ∆ consequential impact, □ inconsequential impact. Each data 

point represents the mean from one site. 
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Plate 4.1: Section along a transect at Mt George where C. scoparius was the 

target legume

Plate 4.2: Section of a transect at the Tailem Bend site where T. arvense was the 

target legume
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4.4 Discussion

Exotic legumes differ in the cover they occupy when they become established in 

natural ecosystems. As was found in Chapter 3, woody and herbaceous legumes 

are clearly different when present in natural ecosystems. The four herbaceous 

species studied here all had very low cover even though actual plant numbers 

(for the Trifolium species) would have been high. All sites where herbaceous 

species were surveyed consisted of low vegetation without a middle or high 

overstorey, so shading could not be considered a factor contributing to their low 

abundance (except as seedlings). Herbaceous legumes have a greater emphasis 

on reproduction than vegetative growth and can devote a high proportion of 

their total biomass into seed (high harvest index), often producing substantial 

numbers of seeds (Smith et al., 1998; Norman et al., 2005). The difference in 

cover between consequential and inconsequential herbs was insignificant. 

However, only five sites were studied, which did not include the highest impact 

herbaceous species, L. tingitanus. Grice (2006) states that annuals are likely to 

have more subtle impacts. It could be that abundance alone may not be a good 

indicator of impact with such species. Due to this fact and their economic value, 

the weed risk of this group deserves attention. Greater differences do seem to 

exist between woody and herbaceous legumes and separation of these two 

groups when studying their biology in relation to weed risk and control is 

warranted. 

In the present cover survey, only two moderate impact species were studied, 

both at only one site. This should be remembered when noting the significant 

difference between this and the other groups. However, the lack of moderate 

impact sites is an important point. Moderate impact species were commonly 

only found where excessive unnatural disturbance had occurred, so sites did not 

meet the selection criteria. C. proliferus was a good example of this. Although it 

was widely distributed, no sites matching the selection criteria were found. C. 

proliferus was frequently found restricted to narrow roadsides and only on the 

extreme edges of natural communities where physical disturbance had taken 

place. Virtue and Melland (2003) also report this distribution pattern in relation 
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to C. proliferus. In contrast, sites with major impact species matching the 

selection criteria were readily found. With this in mind, it would appear that 

there are indeed differences between the legume species described as having 

moderate and major impacts.

Kershaw and Looney (1985) state that by measuring percent cover, an 

assessment of plant abundance can be made. It is possible that the questionnaire 

respondents largely based their responses (Chapter 3) on plant abundance rather 

than actual impact. However, as abundance is correlated with a number of the 

effects that are a product of impact, this might not necessarily be true. 

Regardless, what is important is that the results obtained from the questionnaire 

are valid when compared with impact measured as percent cover. Legume 

species reported to have higher perceived impacts, do have higher abundance in 

natural ecosystems and therefore are most likely to also have higher individual 

effects.

Grice et al. (2004) generalised that the abundance of exotic species is negatively 

correlated with the abundance of native species. This has been shown to be true 

with C. scoparius where studies on stands of differing ages have shown that its 

cover increases with the age of the stand (Smith, 1994; Sheppard et al., 2002). 

Mature stands have less cover and numbers of native species. Shading has been 

suggested as the main reason for this (Waterhouse, 1988; Smith, 1994). 

Abundance is also correlated with a number of other effects. The amount of 

litter produced also increases with the increasing cover of exotic species. Higher 

amounts of bare ground and litter have been shown in older (with higher 

percentage cover) C. scoparius (Smith, 1994) and A. longifolia (Marchante et 

al., 2004) stands. The higher amount of litter could be attributed to 

accumulation over time, not just increased cover. However, in areas under A. 

saligna and A. cyclops, Witkowski (1991) found higher amounts of litter where 

stands were denser. In addition, there were increases in all major nutrient 

contents contained in the litter, resulting in changes to the soil nutrient status.
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Changes to the nutrient cycle are considered an important effect of weeds. Quite 

small changes can bring about significant alterations to the floristic composition 

of communities, especially in relatively infertile soils (Hobbs and Huenneke, 

1992; Prober et al., 2002). Often these changes result in the potential for an 

increase in other exotic species, especially grasses in relation to an increase in 

nitrogen (Witkowski and Mitchell, 1989).

Litter also forms a significant part of the fuel load in natural ecosystems. van 

Wilgen and Richardson (1985) found that in A. saligna stands, the litter 

proportion accounted for the majority of the fuel load. It would be a valid 

assumption to suggest that higher cover may also result in a higher fire risk and 

hotter, more intense fires, even though density would also have to be a major 

factor. U. europaeus, regarded as a major impact legume here and found to have 

high abundance, does have the capacity to create large fuel loads which burn 

readily (Parsons and Cuthbertson, 2001).

Whilst the cover of all other vegetation types was collected in this study, 

without comparable sites or data from before legume establishment, no 

definitive conclusions can be made on what influence the studied legumes have 

had. There was a slight trend for the cover of other vegetation to be negatively 

related to legume cover. Reduced cover of other species, particularly natives is a 

major effect of environmental weeds and from visual observation of un-invaded 

nearby areas, is likely to have occurred with those sites with high legume cover. 

Sites where this relationship was not apparent were Eaglehawk Neck and 

Mulligans Flat. P. lophantha at Eaglehawk Neck was variable in cover and 

density and ideally more transects would be required to assess its percentage 

cover with greater accuracy. The higher number of other species present at this 

site may also be due to P. lophantha having a relatively open canopy, allowing 

understorey species greater access to light. At Mulligans Flat, species other than 

T. subterraneum had lower percentage cover than expected. This could be a 

result of the site being quite heavily grazed by kangaroos and the fact that the 

grasses that were present were small, exposing a high proportion of bare ground. 

The highest amount of bare ground of all the sites was found at this location.



Abundance of exotic legumes

74

The total percentage cover of all sites exceeded 100% as several species overlap 

one another. This is commonly encountered when measuring cover (Goldsmith 

and Harrison, 1976), so should not be considered as an error. However, it is 

likely that the actual cover figures obtained here are an over estimation, as the 

pole used in this study did not have a zero cross-sectional area. Even a 4mm 

diameter pole, as was used, can provide significant increases in the estimate of 

cover (Kershaw and Looney, 1985).

4.5 Conclusions

There are differences between exotic legumes in the proportion of area they 

occupy when they become established in natural ecosystems in temperate 

Australia. All the herbaceous species studied had low cover at the sites studied, 

especially when compared to the woody species. The cover of exotic legumes 

was correlated with their perceived impact in natural ecosystems. Percentage 

cover is a good determination of plant abundance, which is generally associated 

with most of the individual effects of weeds. Abundance and the individual 

species effects, together, comprise two out of the three components of impact. 

As a result, the arranging of species in Chapter 3 into impact group appears 

valid. Additionally, the clear separation between woody and herbaceous legume 

species confirms the decision to separate these two classes in future 

experimental work. It is now with confidence that the species chosen in Chapter 

3 can be used in attempting to predict the level of impact of legume species.
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5 The importance of inherent vegetative traits in 
explaining the relative impact of exotic legumes 

in temperate natural ecosystems 

5.1 Introduction

The most desirable approach to weed management, both economically and 

ecologically, is to prevent new weed incursions before they occur. Identifying 

which biological characters are common only to the most, or conversely only to 

the least, weedy species would be an highly useful predictive technique 

(Rejmanek, 2000). Traits that are relatively quickly measured or can be obtained 

from the literature would especially be of benefit as they could be applied to any 

new plant and would be particularly useful in pre-entry weed risk assessment 

systems. There has been some success in identifying traits that distinguish 

invasive species from non-invasive species (Rejmanek, 1996; Grotkopp et al., 

2002; Lake and Leishman, 2004), but this has not been transferred to impact as 

yet.

The seedling stage of a plant’s lifecycle is arguably its most vulnerable time. 

The ability to establish and survive in a competitive environment would seem an 

essential feature in a plant becoming an environmental weed. An attribute that 

may facilitate the success of this process is the ability of the seedling to 

undertake rapid growth. Specific leaf area is responsible for the most variation 

in relative growth rates (Lambers and Poorter, 1992). Grotkopp et al. (2002)

found that invasive species of Pinus had higher seedling specific leaf area than 

non-invasive species. Other studies have reported that invasive species had 

higher specific leaf area than did native plant species in that location (Baruch 

and Goldstein, 1999; Lake and Leishman, 2004). 

The functions of roots and shoots are explicitly linked, giving a clear reason to 

study both and not just leaves as is commonly done. Root growth may be a 

particularly important factor in the weed success of certain naturalised species 
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such as legumes. This may be the result of having larger seedling root growth or 

a larger proportion of biomass as roots. Greater root growth gives the plant 

greater potential to access water and nutrients, enables greater stability in the 

soil and also acts as a store for carbohydrates, nutrients and water (Jackson et 

al., 1999). Greater root growth may also be particularly useful in aiding the 

plant to deal with stress, such as in moisture or nutrient deficiency. 

Plant architecture is critical in determining a plant’s ability to capture light. A 

plant which is taller and wider than its competitors has obvious advantages in 

terms of light capture (Westoby et al., 2002). Adair (1995) has listed dense and 

spreading foliage as one characteristic that indicates weediness potential.

The aim of this study was to investigate seedling growth, biomass allocation, 

and root morphology, as well as the canopy dimensions of adult legumes in 

relation to various levels of impact. The intention was to identify traits that are 

of significance in discriminating the relative level of weed impact of these 

species.

5.2 Methods

5.2.1 Seedling growth

5.2.1.1 Species and growing conditions

Two separate experiments were conducted, both using a randomised block 

design. The first consisted of 12 herbaceous species and the second, 17 woody 

species. The design included two watering treatments but only one (full water) 

will be described in this Chapter. Both experiments contained nine replicates of 

each species. The experiments took place in a north-facing glasshouse on Waite 

Campus, Adelaide, South Australia during October and November 2004 for the 

herbaceous species and December 2004 and January 2005 for the woody 

species. Daily minimum temperatures fluctuated between 9ºC and 20ºC and 

daily maximums between 19ºC and 29ºC. Plants were grown in 8.5 cm square 

pots measuring 18 cm in height. Pots were filled with University of California 
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(UC) potting mix to a standardised weight before the commencement of the 

experiment.

Species used in the seedling growth experiments comprised the test list outlined 

in Chapter 3, section 3.4.4. The only modification to this was that C. 

siliquastrum was excluded, as it had high seed dormancy and insufficient plants 

could be germinated. In addition to the test list, three woody (Dorycnium rectum

(L.) Ser., G. triacanthos and Retama raetam (Forsskal) Webb) and three 

herbaceous (A. pelecinus, Melilotus sulcatus Desf. and T. glanduliferum) 

species were added which had not been assessed for impact. D. rectum is of 

interest as a potential perennial plant for dryland farming systems (Lane et al., 

2004; Bell, 2005). It is also of interest here, as it is currently on the prohibited 

list for further importation into Australia (Commonwealth of Australia, 2000). 

G. triacanthos is a weed of northern Australia (Csurhes and Kriticos, 1994) and 

appears to have gained recent popularity as a ornamental in South Australia, 

being frequently observed planted on new housing estates and as street trees 

(pers. obs.). R. raetam is on the Federal Government’s alert list of 

environmental weeds (Department of the Environment and Heritage, 2004). In 

respect to the herbaceous species, A. pelecinus and T. glandulierfum are both 

recent pasture legume commercialisations (Loi et al., 2005a) and M. sulcatus

has been investigated as a potential salt tolerant annual pasture legume 

(Boschma et al., 2004; Rogers et al., 2005), but is also a prohibited import due 

to its weed risk (Commonwealth of Australia, 2000).

As the objective was to investigate species’ seedling growth, not individual 

ecotype growth, seeds of several different ecotypes (where available) of each 

species were mixed together. Seeds were either collected from wild plants 

where they could be located during 2002 and 2003, sourced from the South 

Australian Research and Development Institute Genetic Resource Centre 

(SARDIGRC) or obtained from commercial sources. Details of the origins of 

the seeds as well as the proportions of the ecotype mixtures used can be found 

in Appendix 6 and Appendix 7. After scarifying with emery paper, the seeds 

were pre-germinated in Petri dishes at slightly staggered intervals in an attempt 
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to have all species with radicles of 1 cm length at the same time. Germinated 

seeds were planted with the top of the seed placed at the depth of 1 cm, 

regardless of seed size. Two seeds were planted in each pot and thinned to one 

seedling once the cotyledons had emerged. Seeds were not inoculated with 

rhizobia because of insufficient information on the symbiotic requirements for 

all species.

All pots were watered from the day prior to planting with 10 ml water pot-1 day-

1 until four days after the germinated seeds had been planted. On the day of 

planting, woody species received 10 ml of Fongarid® fungicide mixture (1 g L-1 

water) in place of straight water. On the fifth day after planting, two complete 

replicates at physically opposite ends of the experiment were first weighed (pre-

water weight) and then watered slowly until water was observed to be draining 

from the medium. The pots were left to stand overnight before all were weighed 

again and a mean weight calculated. The difference between this mean weight 

and the pre-water mean weight taken the previous day provided the amount of 

water that was then given to each pot. Every three subsequent days, this process 

was repeated.

5.2.1.2 Plant harvest

Plants were destructively harvested 29 days after planting. The soil and root 

bolus was removed carefully from the pot and the soil washed away by a slow 

stream of water. A 0.5 mm aperture sieve was used to catch any roots that broke 

during the harvesting and washing procedure. Shoots and roots were then 

separated. Root systems were stored in plastic containers filled with 50% 

ethanol solution and shoot material in plastic bags before being stored at 3-5ºC. 

Leaf area was measured by obtaining leaf images using a mounted overhead 

camera and then analysing them using WinDias 2.0. Leaves and cotyledons that 

were green and still on the plant were pooled together (Wright and Westoby, 

1999). Leaves and stems were then dried separately in an oven at 60°C for 72 h 

before weighing. 
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Root systems were cleaned by suspending them in water and using tweezers to 

remove foreign particles. Soil was removed by spraying water from a hand 

spray bottle onto the roots. Immediately prior to scanning, roots were immersed 

in a saturated solution of methylene blue for 15 minutes. Roots were then 

removed and placed under running water to remove any excess stain. Roots 

were placed on a HP Scanjet 6100C flatbed scanner in a 20 x 30 cm tray with a 

thin layer of water. Roots were teased out as much as possible without causing 

damage to minimise the amount of overlap and crossing of roots. Root images 

were analysed using WinRhizo Pro version 5.0, a root image analysis program. 

Scanning resolution was 600 dpi and the automatic threshold option was used. 

The highest scanning density achieved was 2.07 cm cm-2, which fell below the 3 

cm cm-2 maximum limit suggested by Himmelbauer (2004). Measurements of 

total root length, root volume, root surface area and average root diameter were 

obtained from WinRhizo. After scanning the roots were dried in an oven at 

60°C for 72 h and then weighed.

5.2.1.3 Statistical analysis – seedling growth

Both experiments were analysed separately. Data were ln, arcsin (leaf mass 

ratio) or square root (root:shoot ratio) transformed to meet the assumptions of 

normality prior to analysis. It was apparent that being a climber, D. lignosus had 

much greater growth than the other woody shrub and tree species. For this 

reason it was removed from the major impact group for the analysis and 

included as a lone species. Variables (Table 5.1) were analysed using one-way 

ANOVA with 15 contrasts to compare the difference between impact groups, D. 

lignosus and the unassessed species. Relationships between variables were 

tested by calculating Pearson correlation coefficients on the transformed data. 

Seed mass was included as one of the variables for the correlation analysis.
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Table 5.1: Traits measured on seedlings and the units the trait is expressed in

Trait Units 

Shoot dry weight gshootDM

Leaf mass ratio gleafDM/gplantDM

Leaf area cm2

Leaf area ratio cm2
leaf/gplantDM

Specific leaf area cm2
leaf/gleafDM

Root dry weight grootDM

Root mass ratio grootDM/gplantDM

Root:shoot ratio grootDM:gshootDM

Root:leaf ratio grootDM:gleafDM

Total root length cm

Specific root length cmroot/grootDM

Root volume cm3

Root surface area cm2

Average root diameter cm

5.2.2 Adult canopy dimensions

The 18 woody and 12 herbaceous test species outlined in Chapter 3 section 

3.4.4 were investigated along with the three unassessed woody and three 

unassessed herbaceous species detailed in section 5.2.1.1. Maximum heights 

and widths of the woody species were sourced from the literature (see Appendix 

8 for references). Maximum width of those taxa not found in the literature and 

all canopy start height measurements of woody major and moderate impact 

species were taken from wild populations. The no impact woody species were 

studied from deliberately planted populations, such as those found in the Waite 

Arboretum, Adelaide, South Australia. The canopy start height was recorded as 

the height of the lowermost foliage and was recorded at five random positions in 

each population. Two populations of every species were studied apart from B. 

variegata where only one population was available. D. lignosus was not 
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analysed due to it being a climber and needing the support of other structures to 

attain height. 

The maximum heights of the herbaceous species were sourced from both the 

literature and measured on deliberately cultivated populations, as information in 

the literature was scarce (see Appendix 9). Deliberately planted populations 

consisted of a single row of 25 individuals spaced 15 cm apart. Maximum width 

and all canopy start height measurements of the herbaceous species were taken 

from deliberately planted populations. 

5.2.2.1 Statistical analysis

All data from the woody species and the maximum height of the herbaceous 

species were analysed using one-way ANOVA with 12 contrasts to compare the 

difference between impact groups and the unassessed species. The maximum 

width and canopy start height of the herbaceous species were analysed using the 

Kruskal-Wallis one-way ANOVA as they did not meet the assumptions of 

normality or homoscedasticity. 
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5.3.1.3 Leaf area

There were differences between species in leaf area (P<.001) and between all 

impact groups (Table 5.3). The no impact group had the highest mean leaf area 

and the major impact group the lowest (Table 5.2). There was a positive 

relationship between leaf area and seed mass (Table 5.4).

5.3.1.4 Leaf area ratio

The leaf area ratio (the ratio of surface leaf area to total plant weight) differed 

significantly among species (P<.001). The no impact group had the highest leaf 

area ratio (Table 5.2) but it was not significantly different to the major impact 

group (Table 5.3). 

5.3.1.5 Specific leaf area

Specific leaf area (the ratio of surface leaf area to leaf mass) was found to be 

significantly different between species (P<.001). However, there was little 

difference in specific leaf area between the impact groups (Table 5.3).
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Table 5.2: Mean seedling shoot growth (±SE) attributes for the woody impact groups, D. lignosus and the unassessed species after 

harvest

Major impact

n=30

Moderate 

impact n=45

No impact

n=36

D. lignosus

n=7

D. rectum

n=9

G. triacanthos

n=8

R. raetam

n=9

Shoot dry weight 

(gshootDM)

0.031 

(±0.003)

0.087

(±0.007)

0.164 

(±0.033)

0.452 

(±0.082)

0.040 

(±0.007)

0.289 

(±0.036)

0.058 

(±0.007)

Leaf mass ratio 

(gleafDM/gplantDM)

0.51 

(±0.02)

0.48 

(±0.01)

0.60 

(±0.01)

0.53 

(±0.02)

0.52 

(±0.01)

0.43 

(±0.02)

0.50 

(±0.01)

Leaf area 

(cm2)

5.56 (±0.74) 12.92 (±1.05) 28.26 (±4.12) 142.5 (±18.9) 11.52 (±1.85) 50.66 (±7.72) 3.87 (±0.57)

Leaf area ratio 

(cm2
leaf/gplantDM)

136.1 (±7.2) 119.1 (±3.7) 154.4 (±11.4) 292.7 (±15.3) 247.5 (±11.4) 126.3 (±4.7) 57.8 (±2.1)

Specific leaf area 

(cm2
leaf/gleafDM)

266.3 (±11.8) 250 (±7.3) 265 (±22.3) 558.5 (±32.6) 476.4 (±24.8) 296.4 (±32.1) 117.4 (±5.5)
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Table 5.3: Significance between comparisons of woody impact groups, D. lignosus and the unassessed species in shoot growth attributes

Comparison Shoot dry weight Leaf mass ratio Leaf area Leaf area ratio Specific leaf area 

Major vs. moderate ** * ** ** n.s.
Major vs. no ** ** ** n.s. *

Moderate vs. no n.s. ** * ** n.s.

Major vs. D. lignosus ** n.s. ** ** **

Major vs. D. rectum * n.s. ** ** **
Major vs. G. triacanthos ** ** ** n.s n.s.

Major vs. R. raetam ** n.s. n.s. ** **

Moderate vs. D. lignosus ** * ** ** **
Moderate vs. D. rectum ** n.s. n.s. ** **

Moderate vs. G. triacanthos ** * ** n.s. *

Moderate vs. R. raetam ** n.s. ** ** **
No vs. D. lignosus ** ** ** ** **

No vs. D. rectum ** ** n.s. ** **

No vs. G. triacanthos ** ** ** n.s. **

No vs. R. raetam * ** ** ** **

n.s = not significant; * P<.05; ** P≤.001
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5.3.1.6 Root dry weight

There were significant differences in root dry weight between species (P<.001). 

There was a positive relationship between seed mass and root dry weight (Table 

5.4). The no impact group had the highest root weight and the major impact 

group the lowest (Table 5.5). 

5.3.1.7 Root mass ratio

There was a significant difference between species in root mass ratio (the ratio 

of root dry weight to total plant weight) (P<.001). The no impact group had a 

significantly lower root mass ratio than the major and moderate impact groups 

(Table 5.5). There was no significant difference between the major and 

moderate impact groups (Table 5.6).

5.3.1.8 Biomass allocation

Species differed significantly in their root:shoot and root:leaf ratios (P<.001) 

indicating differences in biomass allocation. The no impact group had the 

lowest root:shoot and root:leaf ratio (Table 5.5). There was no significant 

difference in root:shoot or root:leaf ratio between the major and moderate 

impact groups (Table 5.6).

5.3.1.9 Total root length, root surface area and root volume

Total root length, root surface area and root volume differed significantly 

between species (P<.001). Of the impact groups, the moderate impact group had 

the highest total root length, surface area and volume (Table 5.5) with large root 

values for P. lophantha, P. pinnata and A. saligna specifically. All of these 

three traits were significantly positively correlated with each other (Table 5.4).
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5.3.1.10 Specific root length

There was a significant difference between species in specific root length (the 

ratio of total root length to total root weight) (P<.001). There was no significant 

difference between the moderate and major impact groups (Table 5.6), but they 

both had a significantly higher specific root length than the no impact group 

(Table 5.5). Specific root length was negatively correlated with seed mass 

(Table 5.4)

5.3.1.11 Average root diameter

Average root diameter differed among the species tested (P<.001). The no 

impact group had significantly thicker roots on average than the other two 

impact groups (Table 5.5). The major impact group had the thinnest average 

root diameter (Table 5.6).
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Table 5.4: Correlation matrix for measured variables and seed mass for woody species. All data were transformed. Correlations 

significant at P<.05 are indicated in bold. LMR= leaf mass ratio; LAR= leaf area ratio; SLA= specific leaf area; RMR= root mass ratio; 

R:S ratio= root:shoot ratio; R:L ratio= root:leaf ratio; SRL= specific root length; Surf. area= root surface area; Av. diam= average root 

diameter

Shoot 

wt

LMR Leaf 

area

LAR SLA Root 

wt

RMR R:S 

ratio

R:L  

ratio

Root 

length

SRL Surf. 

area

Root 

volume

Av. 

diam.

Shoot wt 1.000
LMR -0.107 1.000
Leaf area 0.945 -0.046 1.000
LAR 0.305 0.197 0.593 1.000
SLA 0.350 -0.173 0.617 0.930 1.000
Root wt 0.907 -0.266 0.864 0.218 0.322 1.000
RMR -0.218 -0.353 -0.194 -0.214 -0.082 0.206 1.000
R:S ratio -0.186 -0.341 -0.160 -0.189 -0.061 0.226 0.965 1.000
R:L ratio -0.028 -0.535 -0.055 -0.242 -0.027 0.290 0.788 0.754 1.000
Length 0.602 -0.389 0.589 0.172 0.316 0.714 0.233 0.250 0.306 1.000
SRL -0.518 -0.109 -0.474 -0.090 -0.058 -0.509 0.000 -0.006 -0.026 0.239 1.000
Surf. area 0.735 -0.372 0.707 0.190 0.329 0.836 0.206 0.229 0.290 0.965 0.027 1.000
Volume 0.813 -0.332 0.773 0.194 0.320 0.896 0.168 0.193 0.256 0.868 -0.176 0.968 1.000
Av. diam. 0.482 0.074 0.425 0.060 0.040 0.434 -0.106 -0.088 -0.068 -0.160 -0.800 0.106 0.351 1.000
Seed mass 0.619 0.149 0.483 -0.134 -0.182 0.610 0.006 0.017 0.067 0.105 -0.717 0.241 0.355 0.507
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Table 5.5: Mean seedling root growth (±SE) attributes for the woody impact groups, D. lignosus and the unassessed species after harvest

Major impact

n=30

Moderate 

impact n=45

No impact

n=36

D. lignosus

n=7

D. rectum

n=9

G. triacanthos

n=8

R. raetam

n=9

Root dry weight 

(grootDM)

0.008 (±0.001) 0.023 (±0.002) 0.025 (±0.003) 0.061 (±0.012) 0.007 (±0.0001) 0.108 (±0.023) 0.009 (±0.001)

Root mass ratio 

(grootDM/gplantDM)

0.20 (±0.01) 0.21 (±0.01) 0.18 (±0.01) 0.12 (±0.01) 0.16 (±0.01) 0.26 (±0.03) 0.14 (±0.01)

Root:shoot ratio 

(grootDM:gshootDM)

0.25 (±0.02) 0.28 (±0.02) 0.23 (±0.02) 0.14 (±0.01) 0.19 (±0.01) 0.36 (±0.05) 0.16 (±0.01)

Root:leaf ratio 

(grootDM:gleafDM)

0.42 (±0.03) 0.45 (±0.02) 0.33 (±0.03) 0.23 (±0.01) 0.31 (±0.02) 0.62 (±0.08) 0.28 (±0.02)

Total root length (cm2) 111.2 (±10.4) 312.2 (±28.7) 110.8 (±15.2) 713.0 (±135.4) 113.62 (±15.6) 306.4 (±67.2) 74.43 (±10.12)

Specific root length 

(cmroot/grootDM)

14728 (±594) 13495 (±439) 8472 (±1612) 11742 (±1409) 15928 (±479) 2747 (±150) 8032 (±544)

Root surface area (cm2) 14.97 (±1.47) 43.33 (±3.86) 18.61 (±2.50) 120.5 (±25) 16.65 (±2.31) 71.51 (±16.72) 12.75 (±1.93)

Root volume (cm3) 0.13 (±0.02) 0.49 (±0.05) 0.26 (±0.03) 1.64 (±0.39) 0.20 (±0.28) 1.34 (±0.33) 0.26 (±0.03)

Average diameter (cm) 0.43 (±0.01) 0.45 (±0.01) 0.56 (±0.19) 0.53 (±0.03) 0.47 (±0.01) 0.72 (±0.02) 0.54 (±0.02)
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Table 5.6: Significance between comparisons of woody impact groups, D. lignosus and the unassessed species in root growth attributes

Comparison Root dry

weight

Root mass 

ratio

Root:shoot 

ratio

Root:leaf 

ratio

Root 

length

Specific 

root length 

Surface 

area

Root 

volume

Av. root 

diameter

Major vs. moderate ** n.s n.s. n.s. ** n.s. ** ** *
Major vs. no ** * * * n.s. ** n.s. * **
Moderate vs. no * ** * ** ** ** ** ** **

Major vs. D. lignosus ** ** ** ** * ** ** ** **

Major vs. D. rectum n.s * * * n.s. n.s. n.s. n.s. *
Major vs. G. triacanthos ** * * ** ** ** ** ** **

Major vs. R. raetam n.s. ** ** * * ** n.s. n.s. **

Moderate vs. D. lignosus ** ** ** ** **. ** ** ** **
Moderate vs. D. rectum ** ** * * ** n.s. ** ** n.s.

Moderate vs. G. triacanthos ** * * ** n.s. ** * ** **

Moderate vs. R. raetam ** ** ** * ** ** ** ** **

No vs. D. lignosus ** ** ** * ** ** ** ** n.s.
No vs. D. rectum ** n.s. n.s. n.s. n.s. ** n.s. n.s. *

No vs. G. triacanthos ** ** ** ** ** ** ** ** **

No vs. R. raetam ** ** * n.s. n.s. ** n.s. n.s n.s.

n.s = not significant; * P<.05; ** P≤.001
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5.3.2 Seedling growth - herbaceous species

5.3.2.1 Shoot dry weight

Total shoot dry weight differed significantly (P<.001) between the herbaceous 

species tested. V. faba had the highest shoot biomass, with a mean value over 

double that of the next highest species. Shoot dry weight production was 

influenced by seed mass, with larger seeded species producing more dry weight 

(Figure 5.2). The no impact group had the highest shoot dry weight, followed by 

the consequential impact group (Table 5.7). 
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Figure 5.2: Relationship between shoot dry matter weight and seed mass for 

herbaceous legume species, ▲ consequential impact, ■ inconsequential impact, 

□ no impact, ● A. pelecinus, ○ M. sulcatus and r T. glanduliferum.

5.3.2.2 Leaf mass ratio 

A significant difference was found between species in their leaf mass ratio 

(P<.001). Significant differences were found between all impact groups (Table 

5.8), with the consequential impact group having the highest leaf mass ratio 

(Table 5.7).
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5.3.2.3 Leaf area

The herbaceous species differed significantly in their total leaf area (P<.001). 

The large seeded V. faba had the highest leaf area, with a leaf area almost three 

times that of the next largest species. Larger seeded species generally had a 

larger leaf area (Table 5.9). Of the impact groups, the no impact group had the 

largest leaf area, which was heavily influenced by V. faba (Table 5.7). There 

was no significant difference between the consequential and inconsequential 

groups in leaf area (Table 5.8). 

5.3.2.4 Leaf area ratio

The leaf area ratio differed significantly between herbaceous species (P<.001). 

All impact groups were significantly different from each other (Table 5.8). The 

consequential impact group had a significantly lower leaf area ratio than both 

the other two impact groups (Table 5.7).

5.3.2.5 Specific leaf area

Differences were found between herbaceous species in their specific leaf area 

(P<.001). Significant differences were also found in specific leaf area between 

all impact groups (Table 5.8). The inconsequential impact group had the highest 

specific leaf area and the consequential impact group the lowest (Table 5.7). 

5.3.2.6 Root dry weight

Root dry weight varied significantly between species (P<.001). V. faba had a 

substantially larger root mass compared with any of the other species. This 

meant that the no impact group had a heavier root dry weight than the other 

impact groups (Table 5.10). There was no significant difference between the 

consequential and inconsequential impact groups (Table 5.11).

5.3.2.7 Root mass ratio

The herbaceous species differed significantly in their root mass ratio (P<.001). 

V. faba had the highest root mass ratio of any species. There were also 
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differences among impact groups (Table 5.11). The no impact group had the 

highest root mass ratio and the consequential impact group the lowest (Table 

5.10).

5.3.2.8 Biomass allocation

Root:shoot and root:leaf ratios differed significantly between species (P<.001). 

There were also significant differences in both ratios between all impact groups 

(Table 5.11). The no impact group had the highest proportion of biomass as root 

material and the consequential impact group the lowest (Table 5.10). Both ratios 

were highly correlated with each other (Table 5.9).

Plate 5.1: Harvested herbaceous species placed in increasing order of seed size 

(left to right)
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Table 5.7: Mean seedling shoot growth (±SE) attributes for herbaceous impact groups and the unassessed species 29 days after planting

Consequential 

impact n=27

Inconsequential 

impact n=27

No impact 

n=27

A. pelecinus

n=9

M. sulcatus

n=9

T. glanduliferum

n=9

Shoot dry weight

(gshootDM)

0.286 (±0.048) 0.110 (±0.010) 0.471 (±0.088) 0.084 (±0.011) 0.066 (±0.011) 0.034 (±0.004)

Leaf mass ratio 

(gleaf/gplant)

0.40 (±0.20) 0.33 (±0.01) 0.35 (±0.01) 0.49 (±0.02) 0.47 (±0.01) 0.442 (±0.01)

Leaf area (cm2) 57.86 (±8.56) 49.05 (±5.44) 142.5 (±21.6) 25.77 (±6.05) 39.5 (±4.17) 13.85 (±1.26)

Leaf area ratio 

(cm2
leaf/gplant)

249.7 (±30.6) 379.3 (±26.1) 309.9 (±33.5) 249.7 (±43) 556.2 (±52.1) 368.4 (±26.4)

Specific leaf area 

(cm2
leaf/gleaf)

604.5 (±50.4) 1141.9 (±67.0) 862.3 (±87.7) 494.8 (±72.6) 1181.9 (±105.9) 847.6 (±97.8)
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Table 5.8: Significance between comparisons of herbaceous impact groups and the unassessed species in shoot growth attributes

Comparison Shoot dry weight Leaf mass ratio Leaf area Leaf area ratio Specific leaf area 

Consequential vs. inconsequential ** ** n.s. ** **

Consequential vs. no ** ** ** * **

Inconsequential vs. no ** * ** * **

Consequential vs. A. pelecinus ** ** ** n.s. *

Consequential vs. M. sulcatus ** ** n.s. ** **

Consequential vs. T. glanduliferum ** * ** ** **

Inconsequential vs. A. pelecinus n.s. ** ** ** **

Inconsequential vs. M. sulcatus ** ** n.s. ** n.s.

Inconsequential vs. T. glanduliferum ** ** ** n.s. *

No vs. A. pelecinus ** ** ** n.s. **

No vs. M. sulcatus ** ** ** ** **

No vs. T. glanduliferum ** ** ** * n.s.

n.s = not significant; * P<.05; ** P≤.001
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5.3.2.9 Total root length, root surface area and root volume

There were significant differences between species in total root length, root 

surface area and root volume (P<.001). V. faba had the largest values for all 

three traits. In particular it had a mean root volume almost nine times that of the 

next highest species. As a result, the no impact group had the highest total root 

length, surface area and volume of the three impact groups (Table 5.10). All 

three traits were significantly positively correlated with each other (Table 5.9).

5.3.2.10 Specific root length

Specific root length was found to differ significantly between herbaceous 

species (P<.001) and between all impact groups (Table 5.11). The 

inconsequential impact group had the largest specific root length and the no 

impact group had the smallest (Table 5.10). Specific root length was negatively 

correlated with seed mass (Table 5.9).

5.3.2.11 Average root diameter

There were highly significant differences between species (P<.001) and 

between all impact groups in average root diameter (Table 5.11). The no impact 

group had thicker roots on average than the consequential and inconsequential 

impact groups (Table 5.10). 
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Table 5.9: Correlation matrix for measured variables and seed mass for herbaceous species. All data were transformed. Correlations 

significant at P<.05 are indicated in bold. LMR= leaf mass ratio; LAR= leaf area ratio; SLA= specific leaf area; RMR= root mass ratio; 

R:S ratio= root:shoot ratio; R:L ratio= root:leaf ratio; SRL= specific root length; Surf. area= root surface area; Av. diam= average root 

diameter

Shoot 

weight

LMR Leaf 

area

LAR SLA Root 

weight

RMR R:S 

ratio

R:L ratio Root 

length

SRL Surf. 

area

Root 

volume

Av. 

diam.

Shoot wt 1.000
LMR -0.458 1.000
Leaf area 0.895 -0.381 1.000
LAR -0.499 0.291 -0.185 1.000
SLA -0.389 -0.091 0.021 0.695 1.000
Root wt 0.956 -0.488 0.904 -0.444 -0.300 1.000
RMR 0.475 -0.358 0.556 -0.177 -0.006 0.706 1.000
R:S ratio 0.472 -0.352 0.556 -0.168 0.000 0.702 0.995 1.000
R:L ratio 0.550 -0.670 0.582 -0.248 0.032 0.746 0.924 0.918 1.000
Length 0.836 -0.365 0.848 -0.278 -0.138 0.833 0.443 0.450 0.497 1.000
SRL -0.840 0.389 -0.776 0.466 0.332 -0.896 -0.693 -0.686 -0.696 -0.614 1.000
Surf. area 0.953 -0.492 0.906 -0.409 -0.267 0.988 0.661 0.657 0.717 0.861 -0.884 1.000
Volume 0.951 -0.466 0.924 -0.386 -0.240 0.976 0.627 0.626 0.678 0.912 -0.840 0.986 1.000
Av. diam. 0.861 -0.499 0.779 -0.432 -0.314 0.916 0.700 0.689 0.749 0.611 -0.908 0.928 0.853 1.000
Seed mass 0.889 -0.473 0.767 -0.420 -0.390 0.881 0.527 0.516 0.600 0.609 -0.841 0.887 0.836 0.927
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Table 5.10: Mean seedling root growth (±SE) attributes for herbaceous impact groups and unassessed species 29 days after planting

Consequential 

impact n=27

Inconsequential 

impact n=27

No impact 

n=27

A. pelecinus

n=27

M. sulcatus

n=27

T. glanduliferum

n=27

Root dry weight 

(grootDM)

0.044 (±0.008) 0.025 (±0.003) 0.241 (±0.059) 0.012 (±0.002) 0.013 (±0.003) 0.006 (±0.001)

Root mass ratio 

(groot/gplant)

0.14 (±0.01) 0.18 (±0.01) 0.25 (±0.02) 0.12 (±0.01) 0.15 (±0.01) 0.14 (±0.01)

Root:shoot ratio 

(groot:gshoot)

0.17 (±0.09) 0.22 (±0. 13) 0.36 (±0.04) 0.15 (±0.02) 0.18 (±0.02) 0.17 (±0.01)

Root:leaf ratio (groot:gleaf) 0.38 (±0.02) 0.54 (±0.03) 0.77 (±0.08) 0.25 (±0.02) 0.33 (±0.03) 0.33 (±0.03)

Total root length (cm2) 398.0 (±49.7) 447.1 (±43.0) 543.6 (±41.7) 369.9 (±75.3) 318.6 (±51.2) 161.2 (±23.0)

Specific root length 

(cmroot/groot)

15531 (±1982) 25407 (±3831) 14011 (±3333) 30200 (±1331) 27635 (±2638) 29720 (±2855)

Root surface area (cm2) 73.3 (±10.69) 57.88 (±6.42) 173.9 (±29.3) 36.97(±7.75) 34.34 (±6.00) 14.64 (±2.53)

Root volume (cm3) 1.11 (±0.19) 0.61 (±0.08) 5.07 (±1.31) 0.30 (±0.07) 0.30 (±0.07) 0.11 (±0.02)

Average diameter (cm) 0.52 (±0.03) 0.40 (±0.01) 0.80 (±0.10) 0.31 (±0.01) 0.35 (±0.02) 0.28 (±0.01)
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Table 5.11: Significance between comparisons of impact groups and the unassessed species in root growth attributes

Comparison Root dry 

weight

Root mass 

ratio

Root:shoot 

ratio

Root:leaf 

ratio

Root 

length

Specific 

root length 

Surface 

area

Root 

volume

Average 

diameter

Consequential vs. inconsequen. n.s. ** ** ** * ** n.s. * **

Consequential vs. no ** ** * ** ** ** ** ** **

Inconsequential vs. no ** * ** ** * ** ** ** **

Consequential vs. A. pelecinus ** n.s. n.s. ** n.s. ** ** ** **

Consequential vs. M. sulcatus ** n.s. n.s. n.s. n.s. ** ** ** **

Consequential vs. T. glandulif. ** n.s. n.s. n.s. ** ** ** ** **

Inconsequential vs. A. pelecinus ** ** * ** * * ** ** **

Inconsequential vs. M. sulcatus ** n.s. n.s. ** * * ** ** **

Inconsequential vs. T. glandulif. ** * * ** ** * ** ** **

No vs. A. pelecinus ** ** ** ** ** ** ** ** **

No vs. M. sulcatus ** ** ** ** ** ** ** ** **

No vs. T. glanduliferum ** ** ** ** ** ** ** ** **

n.s = not significant; * P<.05; ** P≤.001
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5.3.3 Adult canopy dimensions - woody species

5.3.3.1 Maximum height

The maximum height was significantly different among the woody species 

(P<.001). The major impact group had the smallest maximum height and the no 

impact group the greatest (Table 5.12). Significant differences were found 

between all impact groups (Table 5.13).

5.3.3.2 Maximum width

The woody species also differed significantly in their maximum width (P<.001). 

The major impact group was significantly thinner than the moderate and no 

impact groups. The no impact group had the greatest maximum width (Table 

5.12).

5.3.3.3 Canopy start height

There were significant differences among the woody species in the height of 

their lowermost foliage (P<.001). There were also differences between impact 

groups (Table 5.13). The major impact group had the significantly lowest 

canopy start height and the no impact group the highest (Table 5.12).

Table 5.12: Mean adult canopy dimensions (±SE) for woody impact groups and 

the unassessed species

Major 

impact 

Moderate 

impact

No 

impact

D. 

rectum

G. 

triacanthos

R. 

raetam 

Maximum 

height (m)

3.76 

(±0.33)

7.16 

(±0.25)

9.47 

(±0.76)

1.75 

(±0.11)

22.76 

(±2.92)

3.0 

(±0)

Maximum 

width (m)

2.69 

(±0.42)

4.79 

(±0.37)

7.61 

(±1.42)

2.3 

(±0.20)

12.31 

(±3.24)

5.11 

(±0.36)

Canopy start 

height (m)

0.53 

(±0.05)

0.65 

(±0.04)

1.07 

(±0.12)

0.01 

(±0)

0.72 

(±0.06)

0.38 

(±0.05)
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Table 5.13: Significance between comparisons of woody impact groups and the 

unassessed species in canopy dimensions

Maximum 

height

Maximum 

width

Canopy start 

height

Major vs. moderate ** * **

Major vs. no ** ** **

Moderate vs. no ** * **

Major vs. D. rectum ** n.s. *

Major vs. G. triacanthos ** ** n.s.

Major vs. R. raetam n.s. ** *

Moderate vs. D. rectum ** * **

Moderate vs. G. triacanthos ** ** n.s.

Moderate vs. R. raetam ** n.s. **

No vs. D. rectum ** * **

No vs. G. triacanthos ** * *

No vs. R. raetam ** n.s. **

n.s = not significant; * P<.05; ** P≤.001

5.3.4 Adult canopy dimensions - herbaceous species

5.3.4.1 Maximum height

The maximum height of the herbaceous species examined varied significantly 

(P<.001). The consequential and the no impact groups had significantly taller 

maximum heights and the inconsequential impact group the smallest (Table 

5.14). 

5.3.4.2 Maximum width

No significant differences were found between the maximum widths of the 

species tested or between impact groups (Table 5.15).
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5.3.4.3 Canopy start height

There was no significant difference among herbaceous species or impact groups 

in their canopy start height (Table 5.15). Canopies in these herbaceous species 

were found on or just above the ground (Table 5.14).

Table 5.14: Mean adult canopy dimensions (±SE) for herbaceous impact groups 

and the unassessed species

Cons. 

impact

Incons. 

impact

No 

impact 

A. pelec. M. sulc. T. gland.

Maximum 

height (m)

1.07 

(±0.16)

0.68 

(±0.10)

1.55 

(±0.24)

0.32 

(±0.08)

0.56 

(±0.00)

0.35 

(±0.10)

Maximum 

width (m)

1.09 

(±0.17)

1.10 

(±0.72)

1.33 

(±0.24)

0.98 

(±0.00)

0.70 

(±0.00)

0.84 

(±0.00)

Canopy start 

height (m)

0.01 

(±0)

0.04 

(±0.03)

0.01 

(±0.00)

0.01 

(±0.00)

0.03 

(±0.00)

0.01 

(±0.00)

Table 5.15: Significance between comparisons of herbaceous impact groups and 

the unassessed species in canopy dimensions

Maximum 

height

Maximum 

width

Canopy start 

height

Consequential vs. inconsequential * n.s. n.s.
Consequential vs. no n.s. n.s. n.s.

Inconsequential vs. no ** n.s. n.s.

Consequential vs. A. pelecinus ** n.s. n.s.
Consequential vs. M. sulcatus n.s. n.s. n.s.

Consequential vs. T. glanduliferum ** n.s. n.s.

Inconsequential vs. A. pelecinus * n.s. n.s.
Inconsequential vs. M. sulcatus n.s. n.s. n.s.

Inconsequential vs. T. glanduliferum * n.s. n.s.

No vs. A. pelecinus ** n.s. n.s.

No vs. M. sulcatus * n.s. n.s.
No vs. T. glanduliferum ** n.s. n.s.

n.s = not significant; * P<.05; ** P≤.001
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5.4 Discussion

5.4.1 Seedling growth

In regard to the woody species, the no impact group had the largest shoot dry 

weight, leaf area, leaf area ratio, root dry weight and average root diameter, but 

the lowest specific root length. Specific leaf area did not vary among the woody 

impact groups. Focusing on the herbaceous species, the no impact group had the 

largest shoot and root dry weight, leaf area, root length, root volume, root 

surface area and average root diameter, but the lowest specific root length. The 

inconsequential impact group had the highest specific leaf area, leaf area ratio 

and specific root length. The following sections will discuss the merits of these 

traits in regard to distinguishing species of differing weed impact.

5.4.1.1 Influence of seed size

It is well known that seed size influences seedling growth. Larger seeds can 

produce larger seedlings because larger seeds possess greater resources to 

support seedling growth (Fenner and Kitajima, 1999; Westoby et al., 2002). As 

seedlings develop and change their dependence to external sources, then the 

effect of seed size diminishes. At the completion of this experiment, 29 days 

after planting, the influence of seed mass was still apparent. Variables that 

seemed the most influenced by seed mass were shoot and root dry weight, leaf 

area, specific root length and average root diameter. The relationship seemed to 

be stronger in the herbaceous species than woody species, where some of the 

other root variables (root length, root volume, root surface area) were also 

influenced. This was probably a result of the larger range of seed sizes used in 

the herbaceous species and was heavily influenced by the very large seed mass 

of V. faba. Seed mass was not able to be included in the analysis as a co-variate 

as only mean seed mass values were known for each ecotype included in the 

species germinated mixture. Hence, including seed mass produced the same 

result as the species effect. 
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5.4.1.2 Dipogon lignosus

The major impact woody legume, D. lignosus had very high shoot and root 

production (Table 5.2 and Table 5.4). While D. lignosus is regarded as a woody 

plant, it is also a climber so does not need to allow for so much investment in 

structural support allowing it a greater growth rate. This species had the highest 

shoot dry weight, leaf area, leaf area ratio, specific leaf area (Table 5.2 and 

Table 5.3), total root length, root surface area and root volume (Table 5.5 and 

Table 5.6) of all the woody species. In this way, it was quite distinct from the 

other woody species studied and was excluded from the major impact group for 

the statistical analysis. It appears that further division in terms of growth habit in 

woody temperate legumes is necessary when studying growth traits. For fair 

comparisons between species, D. lignosus would need to be compared against 

other woody climbers such as W. sinensis or Kennedia nigricans Lindley (black 

coral pea), both of which would have met the requirements for the no impact 

group.

5.4.1.3 Woody species

Species with seedlings possessing a high relative growth rate should have 

advantages in colonising available space and competing for resources. Grotkopp 

et al. (2002) found invasive species of Pinus to have a faster relative growth rate 

than non-invasive species. Relative growth rate, which is defined as the product 

of specific leaf area, leaf mass ratio and net assimilation rate (Lambers and 

Poorter, 1992), was not measured in this study. Many authors have found that 

specific leaf area is the most important factor in explaining variation in relative 

growth rate (Poorter and Remkes, 1990; Lambers and Poorter, 1992; Maranon 

and Grubb, 1993; Reich et al., 1998; Wright and Westoby, 1999; Wright and 

Westoby, 2000; Grotkopp et al., 2002; Galmes et al., 2005). Specific leaf area 

can be defined as the light-catching area deployed per unit of leaf mass 

(Westoby, 1999). Specific leaf area is commonly positively correlated with 

relative growth rate (Wright and Westoby, 1999; Wright and Westoby, 2000; 

Bell, 2005) because it confers high light interception and carbon gain per unit 

biomass invested in leaves (Lambers and Poorter, 1992). However, Wright and 

Westoby (2000) did not find a significant correlation between specific leaf area 
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and relative growth rate with 13 Australian legumes. Likewise, specific leaf area 

varied little between the woody legume impact groups in this study, only 

differing between the major impact and no impact groups. 

Leaf mass ratio (also termed leaf weight ratio) is another driver of relative 

growth rate and was highest in the no impact group in this study. Leaf mass 

ratio can cause differences in relative growth rate, but has been shown to be of 

relatively little importance in this regard (Lambers and Poorter, 1992; Wright 

and Westoby, 2000). It is unlikely that this result indicates a faster relative 

growth rate for the no impact group.

Net assimilation rate was not measured in this study, but is the third product of 

relative growth rate. However, net assimilation rate is much less important than 

specific leaf area in explaining variation in relative growth rate (Wright and 

Westoby, 2000). The equation defining relative growth rate (Lambers and 

Poorter, 1992) implies that any biomass other than leaves (e.g. roots) reduces 

relative growth rate. The major and moderate impact groups of woody legumes 

had significantly higher specific root lengths than the no impact legumes. It 

appears that major and moderate legumes may be investing greater resources in 

finer root growth than leaf area. 

Nutrients and water very seldom occur in a homogenous pattern in soil 

(Berendse et al., 1999). The ability of a plant to explore and capture these 

resources is critical, especially in situations where they are limiting. Australian 

temperate natural ecosystems are generally low in fertility especially 

phosphorus (Beadle, 1962; Prober et al., 2002a) and are relatively dry (Turner, 

2004). Jackson et al. (1999) suggests that finer root demography may increase 

resource uptake. Higher specific root length gives the plant greater potential to 

acquire nutrients from the soil, especially when in competition from 

neighbouring species (Lambers and Poorter, 1992). Goodwin et al. (1999b)

found that the native Festuca idahoensis Elmer (Idaho fescue) was able to 

persist despite invasion of the exotic Bromus tectorum L (cheatgrass). One of 

the key differences between the species was that F. idahoensis had a much 

larger specific root length allowing it to successfully complete with B. tectorum
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even though it had a smaller root mass ratio and total root length. Wright et al. 

(1999) reported that the weedy Senna obtusifolia (L.) H. S. Irwin & Barneby 

(sicklepod) and Amaranthus palmeri S. Watson (Palmer’s amaranth) had a 

much greater length of finer seedling roots than G. max. The literature on the 

correlation of specific root length and relative growth rate is not clear. Poorter 

and Remkes (1990) did not find a correlation working with 24 herbaceous 

species, but Reich et al. (1998) did find a correlation, studying trees. However, 

specific root length cannot explain the difference between the major impact and 

moderate impact groups of woody legumes. The majority of the variation in 

specific root length in this study was accounted by average root diameter. 

Species which had thicker roots also had a smaller specific root length. Average 

diameter in turn was positively correlated with seed mass. This was more 

obvious in the largest seeded species, which are all in the no impact group or, in 

the case of G. triacanthos, unassessed. The smallest seeded species in the no 

impact group (A. cultriformis) had the thinnest roots of this group and the 

highest specific root length of all species, causing the high standard error for the 

mean of this group.

Based on the results of this study, seedling specific root length was a trait 

capable of distinguishing what are essentially naturalised (i.e. major and 

moderate impact) and non-naturalised (no impact) woody legumes. However, its 

value as a tool in a weed risk assessment screening system is hampered by the 

difficulties of obtaining species information on specific root length. Ideally, 

weed risk assessment systems would benefit from traits on which information is 

quickly and easily obtained (Virtue, 1999). As specific root length was strongly 

correlated with seed mass, this presents a much easier method by which to apply 

the value of specific root length information in a screening system.

5.4.1.4 Herbaceous species

Is specific root length also important for herbaceous legumes? The 

inconsequential impact group of herbaceous legumes had the significantly 

largest specific root length studied here. Hence, high specific root length did not 

equate to weed impact in the herbaceous legumes.
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The consequential impact group of herbaceous legumes had the lowest specific 

leaf area. Species with a low specific leaf area (or conversely a higher leaf mass 

per area) tend to have leaves that have longer life spans. A leaf which survives 

longer is also vulnerable to predation for longer. To counteract this, species with 

a lower specific leaf area often have thicker, tougher and/or hairier leaves or 

accumulate secondary compounds, such as tannins as defences against 

herbivory (Westoby et al., 2002). Therefore, in the case of herbaceous legumes 

at least, greater leaf defence appears to be an advantage. Herbaceous legumes 

have been widely cultivated for over a century in Australia and many predators 

of these species have also become established. Lucerne flea, red-legged earth 

mites and numerous aphid species can all cause extensive damage to herbaceous 

legumes (Walters and Dominiak, 1988; Loi et al., 2005a). In a cultivated 

situation, it is necessary for land managers to control these insects by chemicals. 

However, as wild plants they must be able to survive these threats on their own. 

So while they may be slower growing, the consequential impact species’ 

advantage might come from an increased level of survival and greater 

abundance and/or reproductive output.

Using specific leaf area as an important distinguishing trait, does not explain the 

no impact group’s intermediate specific leaf area between that of the 

consequential and inconsequential impact groups. It suggests that there may also 

be another factor or factors influencing why herbaceous legumes differ in 

impact. Annual legumes of the type in this study are commonly thought of as 

ruderals (Grime 1977). These are species that generally devote the majority of 

their resources to reproduction. Largely being annuals, it may be that 

reproductive strategies such as seed production are more important in the weed 

success of herbaceous legumes. 

5.4.2 Canopy dimensions

Being taller than the neighbouring vegetation gives a plant greater access to 

light and hence is considered a competitive advantage. However, the trade-offs 
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associated with increased height are an increased investment in the development 

of structural support and the maintenance of this structure (Westoby et al., 

2002). The same phenomenon also applies to canopy spread. A large canopy 

may shade out competitors, but also requires a higher structural investment. 

Additionally, in communities where there are already competitors, the most 

advantageous route for plants is to rapidly accumulate height rather than width 

(Crawley, 1996). 

Major impact woody legumes were shorter and thinner than the moderate and 

no impact legumes. This suggests that they may have found the desired growth 

strategy in temperate Australian natural ecosystems. It appears they have found 

a compromise between light capture and investment in support structures. They 

are tall enough to compete against the existing ground storey vegetation but do 

not waste resources on extra height and width. Moderate and no impact woody 

species, while having the potential to be taller and wider, may either become out 

competed by species requiring less investment in support structures. Due to the 

generally impoverished nature of Australian soils, less demanding growth 

strategies requiring fewer resources may actually translate into a competitive 

advantage. From the study undertaken in Chapter 4 it was rare to find native 

species taller than the major impact legumes studied with the exception of the 

eucalypt overstorey. This is also the case at Barrington Tops, the location of one 

of the worst infestations of C. scoparius in Australia, where non-affected 

communities comprise a eucalypt overstorey, above a mainly herbaceous 

ground storey (Downey and Smith, 2000). A lower canopy start height as 

observed in the major impact woody legume group is also an advantage as it 

allows less space for competitors to grow in. Species that have a high canopy 

start height, such as the no impact group, could allow room for growth of 

species under it, resulting in increased competition.
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5.4.3 Evaluation of the unassessed species with regard to vegetative 

traits

Of the unassessed woody species, D. rectum had a similar seedling leaf mass 

ratio and specific root length to the major and moderate impact woody legumes 

(Table 5.2 and Table 5.5). This may indicate that it possesses the attributes to 

successfully establish in temperate natural ecosystems. If the main factor behind 

the success of major impact legumes is to grow above the lower vegetation 

stratum, then the question is - is the maximum height of D. rectum high 

enough? It lacks the height as an adult of the major and moderate impact 

legumes (Table 5.12), so in a competitive situation D. rectum may not be able to 

intercept enough light to compete strongly with other species. 

G. triacanthos had a specific leaf area similar to the major impact group (Table 

5.2), but unlike them, it is not investing in fine root growth as it has a low 

specific root length (Table 5.5). A large seed mass is most likely contributing to 

this trait. As an adult, G. triacanthos had a maximum height and width much 

larger than all the impact groups (Table 5.12). This coupled with a low specific 

root length makes it most similar to the no impact category of woody legumes.

R. raetam had the lowest mean specific leaf area recorded, so like the impact 

groups it does not appear to invest heavily in seedling leaf growth (Table 5.2). 

R. raetam is a desert plant in its natural habit (Izhaki and Ne'eman, 1997) and 

slow growth is seen as a characteristic of species from stressful environments 

(Poorter and Garnier, 1999). Species from these habitats also often allocate 

extra resources to root growth (Warren and Adams, 2005). However, R. raetam

had a lower specific root length than all the impact groups (Table 5.5). Apart 

from being wider, R. raetam had a canopy close to the ground and an adult 

maximum height similar to the major impact group. If it could survive the 

juvenile period, it may possess the right height strategy to be successful (Table 

5.12).
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A lower specific leaf area was seen as an advantage in naturalised herbaceous 

species as this was the strategy adopted by the consequential impact group. A. 

pelecinus had a specific leaf area lower than the consequential impact group 

(Table 5.7). This species does appear to possess some herbivory protection 

strategy. A. pelecinus has been found to be resistant to spotted alfalfa aphid at 

28 days old (Nair et al., 2003). Additionally, there have also been cases of 

photosensitisation in sheep grazing A. pelecinus which has been suggested to 

occur due to the production of secondary compounds that may protect against 

herbivory. Sheep also avoid grazing A. pelecinus after a short time, suggesting 

the presence of some undesirable compounds (Loi et al., 2005b). A. pelecinus

also had a particularly large specific root length, suggesting similarities with

inconsequential herbaceous legumes.

The other two unassessed herbaceous legumes had specific leaf areas similar to 

the inconsequential and no impact groups (Table 5.7). However, they also have 

some evidence suggesting that they have a herbivory protection mechanism. T. 

glanduliferum is resistant to red legged earth mites (Loi et al., 2005a) and has 

good seedling resistance to blue green and spotted alfalfa aphid (Nair et al., 

2003). M. sulcatus is also known to contain various levels of coumarin in its 

leaves. Without comparative information on similar chemical traits on the test 

species it is difficult to make conclusions from this. These two species also had 

a higher specific root length than all impact groups, suggesting a high potential 

for nutrient and water uptake (Table 5.10). M. sulcatus and T. glanduliferum

appear to be similar to the inconsequential impact herbaceous legumes studied 

in regard to their seedling growth.

5.5 Conclusions

Legume species do differ in a number of vegetative attributes both as seedlings 

and adults. Some attributes were found to be common to legumes in certain 

impact groups. Specific root length appears important during seedling growth 

and maximum height is important as an adult for woody legumes. The higher 

impact woody legumes appear to direct extra resources into the production of 
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fine roots, which theoretically would give them greater potential nutrient and 

water capture.A lower specific leaf area suggesting some defence mechanism to 

herbivory appears an advantage for herbaceous legumes. 

The highest impact woody legume species had the shortest adult height of all 

impact groups, suggesting a successful trade-off strategy between height and 

investment in structural support. Data on the maximum height of species is 

easily obtained from literary sources and has the potential to be easily 

incorporated into weed risk assessment screening techniques.

It is unlikely that one trait in isolation will explain the level of impact of 

naturalised legumes in temperate Australia or elsewhere. For example, seed 

mass influenced a number of attributes in this study and influences other aspects 

of plant ecology. Specific root length was strongly negatively correlated with 

seed mass. Due to the difficulties in acquiring information on specific root 

length, seed mass offers a practical way of applying specific root length 

information in a weed risk assessment screening system. It is therefore a trait 

that needs to be investigated along with other aspects of legume reproductive 

biology. It would also be of interest to see if species with a higher specific root 

length do indeed have advantages in soil resource capture. This could perhaps 

be a key to explaining the difference between major impact and moderate 

impact woody legumes.
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6 The importance of seedling drought tolerance 
in explaining the relative impact of exotic 
legumes in temperate natural ecosystems

6.1 Introduction

The climate of temperate Australia is characterised by a pronounced dry period 

lasting between late spring and sometime in autumn, usually May (Turner, 

2004). The lack of summer rain in these regions results in seedlings of perennial 

species experiencing a combination of drought and high temperatures after only 

a few months of growth. Mortality during this time plays a major factor in the 

population dynamics of species growing in a Mediterranean climate (Poot and 

Lambers, 2003; Moles and Westoby, 2004a). From studies of C. scoparius in 

Australia, the majority of seedling mortality was linked to drought (Smith, 

1994; Sheppard et al., 2002). 

Germination inducing rainfall is not uncommon during the summer dry period, 

but is again followed by dry weather and warm temperatures. This event is 

termed a false break (Chapman and Asseng, 2001). False breaks are common 

features of the climate in temperate Australia. Chapman and Asseng (2001)

estimated that a false break occurs in every two out of three years in south-

western Australia. False breaks present a major hazard to the persistence of 

species that recruit progeny from seed, especially annuals (Taylor, 1972; 

Chapman and Asseng, 2001). The ability of a species to survive a false break 

may play a part in determining the success and persistence of plants in 

temperate Australia. For a plant relying on seed reproduction, its progeny must 

survive a false break by either having an adequate amount of dormant seed 

during summer and early autumn and/or seedlings that are able to withstand a 

period of drought. If a seedling germinating from a false break can survive until 

the start of the true growing season it should have a greater competitive 

advantage for resources over newly germinated seedlings. This may lead to 
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enhanced survival and greater dominance (McIvor and Smith, 1973; Piggin, 

1976). 

Water rarely occurs in a homogenous pattern in soil (Berendse et al., 1999). The 

ability of a plant to capture this resource is crucial, especially in situations 

where it is limiting. Species with a greater specific root length should have an 

advantage in capturing soil moisture due to a larger amount of fine roots. 

Results from Chapter 5 showed that major and moderate impact woody legumes 

had significantly higher specific root lengths than no impact woody legumes. 

Consequential and inconsequential impact herbaceous legumes also had greater 

specific root length than no impact herbaceous legumes. If species of different 

weed impacts were able to be distinguished based on seedling drought tolerance 

it would enhance weed risk assessment screening techniques for new plant 

introductions and also allow prioritisation of species for control (Parker et al., 

1999). The aim of the experiments described here was to test whether legume 

species that have higher impacts in temperate Australia have i) a greater ability 

as seedlings to grow and ii) survive in dry soil and iii) whether higher impact 

perennial legumes have greater survival over their first summer than lower 

impact legumes.

6.2 Methods

6.2.1 Seedling growth

6.2.1.1 Growing Conditions

The experiments described in Chapter 5 provide the results for this seedling 

growth section and the methodology used was the same except for the factors 

detailed below.

The experimental design included two watering treatments, full water and no 

follow up water. All pots were watered from the day prior to planting with 10 

ml water pot-1day-1 until four days after the germinated seeds had been planted. 

On the day of planting, woody species received 10 ml of Fongarid® fungicide 
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mixture (1 g L-1 water) in place of water. The no follow up water treatment 

received no further water after the fourth day. On the fifth day after planting, 

two replications of the full water treatment at physically opposite ends of the 

experiment were first weighed (pre-water weight) and then watered slowly until 

water was observed to be draining from the medium. The pots were left to stand 

overnight before being weighed again and a mean weight of the two replicates 

calculated (original watered weight). The difference between this weight and the 

pre-water weight taken the previous day provided the amount of water that was 

given to each pot of the full water treatment. Every three subsequent days, pots 

from the same replications were weighed and a mean weight determined. The 

mean weight was subtracted from the original watered weight to give the 

amount of water to be added and then all pots in the full water treatment were 

given this amount. 

6.2.1.2 Plant harvest

Harvesting and measuring procedures followed the same process as that 

described in Chapter 5 section 5.2.1.2.

6.2.1.3 Statistical analysis – seedling growth

Both woody and herbaceous experiments were analysed separately. If required, 

data were ln transformed to meet the assumptions of normality prior to analysis. 

Only the two variables found to be important in Chapter 5 were used in the 

analysis: specific leaf area and specific root length. Variables were analysed 

using two-way ANOVA with 15 contrasts to compare the difference between 

impact groups and between impact groups and D. lignosus and the unassessed 

species. D. lignosus was excluded from the major impact group and analysed as 

a separate species due to the reasons outlined in Chapter 5.
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6.2.2 Seedling drought tolerance

6.2.2.1 Growing conditions

Two randomised block design experiments were conducted, both using the same 

species as outlined in Chapter 5 section 5.2.1.1. The design included ten 

replications of the no follow up water treatment and two replications of the full 

water treatment. The full water treatment was included as a control to ensure 

that lack of water was the only factor responsible for plant mortality. The 

experiments took place in a north-facing glasshouse at Waite Campus, Adelaide, 

South Australia between January and May 2005 for the herbaceous species and

between February and September 2005 for the woody species. Daily minimum 

temperatures fluctuated between 9ºC and 22ºC and daily maximums between 

19ºC and 30ºC. Plants were grown in 8.5 cm square pots measuring 18 cm in 

height. Pots were filled with UC potting mix to a standardised weight before the 

commencement of the experiment.

All pots in the herbaceous experiment were watered from the day prior to 

planting with 15 ml water pot-1day-1 until four days after the germinated seeds 

had been planted. The woody species were watered for an extra day in an 

attempt to counteract the number of pots that did not produce seedlings in the 

previous seedling growth experiment (section 6.2.1). On the day of planting, 

species received 15 ml of a 1:1 mixture of Fongarid® (1 g L-1 water) and 

Mancozeb® fungicide (5 g L-1 water) in place of water. The water treatments 

were managed in the same manner as described in section 6.2.1.1. Pots were 

monitored until all plants had died in the no follow up water treatment. Death 

was defined as the complete chlorosis of the entire plant.

6.2.2.2 Statistical analysis – seedling drought tolerance

The experiments were analysed separately. Time until mortality was recorded as 

the number of days from planting until death. As no deaths occurred in the full 

water treatment the experiment was analysed using the no follow up water 

treatment only by one-way ANOVA with species as the factor and 15 contrasts 
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to compare differences among impact groups and between impact groups, D. 

lignosus and unassessed species.

6.2.3 Juvenile survival of perennial legume species

The survival of 18 woody species and two perennial herbaceous species were 

investigated over one spring, summer and autumn in a raised soil bed containing 

a 1m depth of Mt Compass loam. The site was located at Waite Campus, 

Adelaide, South Australia. The species used consisted of the 15 woody species 

outlined in Chapter 3, section 3.4.4, plus the three unassessed woody species. 

M. sativa and T. fragiferum, two herbaceous perennial species were also 

included.

Scarified seeds were first pre-germinated in Petri dishes at 20ºC before being 

pricked out into seedling trays. Seedlings were grown in seedling trays in the 

glasshouse for approximately four weeks. Seedlings were then planted out on 

June 16 (replications 1 and 2) and June 19 (replication 3) 2004. Seedlings that 

died were replaced up until August 18. The experimental design comprised 

three randomised blocks with six individual plants of each species randomly 

placed in each block. Plants were spaced 20 cm apart in both directions. A 

single row buffer of G. monspessulana with the same spacings was planted 

around the perimeter of the experimental area. Plants were not given any 

supplementary water at all throughout the experiment. Survival was recorded on 

five occasions between August 7 and December 13 2004. Survival was then 

recorded weekly until three weeks after the break of the growing season, namely 

June 27 2005, when mortality had ceased. Death was defined as the complete 

chlorosis of the entire plant.



Seedling drought tolerance

117

6.2.3.1 Statistical analysis –juvenile survival of perennial legume species

Whilst survival was monitored regularly, only the survival count taken closest 

to the start of each month from September 2004 to the final count in June 2005 

was used for the analysis. Variance in species survival over time was tested by 

two-way ANOVA. Impact groups and unassessed species were compared by the 

use of contrasts. 

6.3 Results

6.3.1 Seedling growth – woody species

6.3.1.1 Specific leaf area

The specific leaf area differed significantly between species (P<.001) (Figure 

6.1). In terms of the impact groups, the no impact group had a lower specific 

leaf area than both of the other two impact groups (Table 6.1). There was no 

significant difference between the major impact and moderate impact group 

(Table 6.2). There was a significant effect of water, with specific leaf area being 

reduced under drought (P<.001). Drought also increased the margin by which 

the moderate impact group had a higher specific leaf area compared with the 

major impact and no impact groups (Table 6.2).
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Figure 6.1: Mean specific leaf area for woody species under two watering 

treatments 29 days after sowing. Means based on 9 observations for each 

species per treatment except for, 8 observations in the no follow up water 

treatment for C. proliferus, P. pinnata and D. lignosus, 7 and 8 observations in 

the full water treatment for G. triacanthos and D. lignosus respectively. G. 

monspessulana means are based on 3 and 4 observations for no follow up water 

and full water treatments respectively. Error bars indicate the standard error.

6.3.1.2 Specific root length

There was a significant difference between species in specific root length 

(P<.001). There was no significant difference between the moderate and major 

impact groups (Table 6.2), but the no impact group had a significantly lower 

specific root length (Table 6.1). The no follow up water treatment had the affect 

of reducing specific root length (P<.001) (Figure 6.2). However it did not alter 

the differences between impact groups.



Seedling drought tolerance

119

Species

G
. m

on
sp

es
su

la
na

C
. s

co
pa

riu
s

U
. e

ur
op

ae
us

A
. l

on
gi

fo
lia

C
. p

ro
lif

er
us

P
. p

in
na

ta

P
.lo

ph
an

th
a

A
. s

al
ig

na

A
. b

ai
le

ya
na

A
. c

ul
tri

fo
rm

is

B
. v

ar
ie

ga
ta

C
. s

ili
qu

a

S
. j

ap
on

ic
um

D
. l

ig
no

su
s

D
. r

ec
tu

m

G
. t

ria
ca

nt
ho

s

R
. r

ae
ta

m

S
pe

ci
fic

 ro
ot

 le
ng

th
 (c

m
ro

ot
/g

ro
ot

)

0

5000

10000

15000

20000

25000

30000

Drought 
Water 

Major Moderate No Dlig Unassessed

Figure 6.2: Mean specific root length for woody species under two watering 

treatments 29 days after sowing. Means based on 9 observations for each 

species per treatment except for, 8 observations in the no follow up water 

treatment for C. proliferus, P. pinnata and D. lignosus, 7 and 8 observations in 

the full water treatment for G. triacanthos and D. lignosus respectively. G. 

monspessulana means are based on 3 and 4 observations for no follow up water 

and full water treatments respectively. Error bars indicate the standard error.
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Table 6.1: Mean seedling growth attributes ± SE for the woody species under two watering regimes.

Specific leaf area (cm2
leaf/gleafDM) Specific root length (cmroot/grootDM)

Drought n=31 168.8 (±12.9) 13470 (±1504)Major impact

Water n=30 266.3 (±11.8) 14728 (±594)

Drought n=43 191.8 (±9.9) 12153 (±637)Moderate impact

Water n=45 250.0 (±7.3) 13495 (±439)

Drought n=36 162.8 ±(19.9) 6666 (±1083)No impact

Water n=36 265.0 (±22.3) 8472 (±1612)

Drought n=8 454.3 (±21.8) 13927 (±1117)D. lignosus

Water n=7 558.5 (±32.6) 11742 (±1409)

Drought n=9 248.7 (±28.1) 10348 (±635)D. rectum

Water n=9 476.4 (±24.8) 15928 (±479)

Drought n=9 202.2 (±19.4) 2108 (±183)G. triacanthos

Water n=8 296.4 (±11.4) 2747 (±150)

Drought n=9 93.1 (±4.2) 9893 (±733)R. raetam 

Water n=9 117.4 (±5.5) 8032 (±544)
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Table 6.2: Significance of comparisons between woody impact groups and 

between impact groups, D. lignosus and the unassessed species in three growth 

attributes. 

Comparison Specific leaf area Specific root length
Major vs. moderate n.s. n.s.
Major vs. no ** **
Moderate vs. no ** **
Major vs. D. lignosus ** n.s.
Major vs. D. rectum ** n.s.
Major vs. G. triacanthos * **
Major vs. R. raetam ** **
Moderate vs. D. lignosus ** n.s.
Moderate vs. D. rectum ** n.s.
Moderate vs. G. triacanthos * **
Moderate vs. R. raetam ** **
No vs. D. lignosus ** **
No vs. D. rectum ** **
No vs. G. triacanthos ** **
No vs. R. raetam ** **
Major vs. moderate. water * n.s.
Major vs. no. water n.s. n.s.
Moderate vs. no. water ** n.s.
Major vs. D. lignosus. water * *
Major vs. D. rectum. water n.s. n.s.
Major vs. G. triacanthos. water n.s. n.s.
Major vs. R. raetam. water * *
Moderate vs. D. lignosus. water n.s. *
Moderate vs. D. rectum. water * *
Moderate vs. G. triacanthos. water n.s. n.s.
Moderate vs. R. raetam. water n.s. *
No vs. D. lignosus. water * *
No vs. D. rectum. water n.s. *
No vs. G. triacanthos. water n.s. n.s.
No vs. R. raetam. water * *
n.s = not significant; * P<.05; ** P≤.001
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6.3.2 Seedling growth – herbaceous species

6.3.2.1 Specific leaf area

Significant differences were found between species in their specific leaf area 

(P<.001) (Figure 6.3). The inconsequential impact group had the highest 

specific leaf area and the consequential impact group the lowest (Table 6.3). 

Significant differences were found between all impact groups (Table 6.4). 

Drought significantly reduced specific leaf area (P<.001).
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Figure 6.3: Mean specific leaf area for herbaceous species under two watering 

treatments 29 days after sowing. Means based on 9 observations for each 

species per treatment. Error bars represent the standard error.

6.3.2.2 Specific root length

Specific root length was found to differ between herbaceous species (P<.001) 

and all impact groups (Table 6.3). Inconsequential impact herbs had the largest 

specific root length and the no impact group the smallest (Table 6.4). Drought 

did not significantly change the specific root length but there was a significant 

interaction between species and water treatment. In particular, T. angustifolium

had much higher specific root length under drought (Figure 6.4), but this was 
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due solely to the high values for plants with very small root weights (i.e. 

0.0001g/pot). 
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Figure 6.4: Mean specific root length for herbaceous species under two watering 

treatments 29 days after sowing. Means based on 9 observations for each 

species per treatment. Error bars represent the standard error.
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Table 6.3: Mean seedling growth attributes ±SE for the herbaceous species under two watering regimes. All values represent the mean of 

27 observations for the impact groups and 9 observations for the unassessed species.

Specific leaf area 

(cm2
leaf/gleafDM)

Specific root length 

(cmroot/grootDM)

Drought 291.5 (±31.6) 28368 (±9521)Consequential impact 

Water 604.5 (±50.4) 15531 (±1982)

Drought 677.4 (±64.7) 23471 (±2807)Inconsequential impact 

Water 1141.9 (±67.0) 25407 (±3831)

Drought 648.5 (±102.2) 15130 (±3822)No impact 

Water 862.3 (±87.7) 14011 (±3333)

Drought 428.6 (±120.9) 41917 (±11575)A. pelecinus

Water 494.8 (±72.6) 30200 (±1331)

Drought 517.9 (±98.9) 26383 (±3953)M. sulcatus

Water 1181.9 (±105.9) 27635 (±2638)

Drought 234.7 (±47.5) 29808 (±5632)T. glanduliferum

Water 847.6 (±97.8) 29720 (±2855)
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Table 6.4: Significance of comparisons between herbaceous impact groups and 

between impact groups and unassessed species in three growth attributes.

Comparison Specific 

leaf area 

Specific root 

length

Consequential vs. inconsequential ** **

Consequential vs. no ** **

Inconsequential vs. no * **

Consequential vs. A. pelecinus n.s. **

Consequential vs. M. sulcatus ** **

Consequential vs.T. glanduliferum n.s. **

Inconsequential vs. A. pelecinus ** **

Inconsequential vs. M. sulcatus n.s. n.s.

Inconsequential vs.T. glanduliferum ** *

No vs. A. pelecinus ** **

No vs. M. sulcatus n.s. **

No vs. T. glanduliferum * **

Consequential vs. inconsequential. water n.s. n.s.

Consequential vs. no. water n.s. n.s

Inconsequential vs. no. water * n.s

Consequential vs. A. pelecinus. water n.s. n.s

Consequential vs. M. sulcatus. water * n.s

Consequential vs.T. glanduliferum. water n.s. n.s

Inconsequential vs. A. pelecinus. water * n.s

Inconsequential vs. M. sulcatus. water n.s. n.s

Inconsequential vs. T. glanduliferum. water n.s. n.s

No vs. A. pelecinus. water n.s. n.s

No vs. M. sulcatus. water * n.s

No vs. T. glanduliferum. water * n.s

n.s = not significant; * P<.05; ** P≤.001
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6.3.3 Seedling drought tolerance - woody species

There were significant differences between woody legume species in seedling 

drought tolerance, measured as the amount of time they could survive without 

water before dying (P<.001). Out of the impact groups, the moderate impact 

group was able to survive the longest (Figure 6.5). However, there was no 

significant difference in drought tolerance between the major and no impact 

groups (Table 6.5). There was no relationship between species mean seed mass 

and time until death in the woody species.
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Figure 6.5: Mean number of days until death of the woody species when grown 

in the glasshouse with no follow up water. Means based on 10 observations for 

each species. Error bars represent the standard error.
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Table 6.5: Significance of comparisons between woody impact groups and 

between impact groups and unassessed species in seedling survival without 

additional water.

Comparison Days until death

Major vs. moderate **

Major vs. no n.s.

Moderate vs. no *

Major vs. D. lignosus **

Major vs. D. rectum n.s.

Major vs. G. triacanthos n.s.

Major vs. R. raetam n.s.

Moderate vs. D. lignosus n.s.

Moderate vs. D. rectum **

Moderate vs. G. triacanthos *

Moderate vs. R. raetam *

No vs. D. lignosus **

No vs. D. rectum n.s.

No vs. G. triacanthos n.s.

No vs. R. raetam n.s.

n.s = not significant; * P<.05; ** P≤.001

6.3.4 Seedling drought tolerance – herbaceous species

Herbaceous legume species differed significantly in their drought tolerance 

(P<.001) (Figure 6.6). The inconsequential impact group had the longest 

survival time compared to the consequential and no impact groups (Table 6.6). 

There was no relationship between species mean seed mass and seedling 

drought tolerance in the herbaceous species.
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Figure 6.6: Mean number of days until death of the 12 herbaceous species when 

grown in the glasshouse with no follow up water. Means based on 10 

observations for each species. Error bars represent the standard error.

Table 6.6: Significance of comparisons between herbaceous impact groups and 

between impact groups and unassessed species in their seedling survival without 

additional water.

Comparison Days until death

Consequential vs. inconsequential **

Consequential vs. no n.s.

Inconsequential vs. no *

Consequential vs. A. pelecinus *

Consequential vs. M. sulcatus **

Consequential vs. T. glanduliferum **

Inconsequential vs. A. pelecinus n.s.

Inconsequential vs. M. sulcatus **

Inconsequential vs. T. glanduliferum **

No vs. A. pelecinus n.s.

No vs. M. sulcatus **

No vs. T. glanduliferum **

n.s = not significant; * P<.05; ** P<.001
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6.3.5 Juvenile survival of perennial legume species

6.3.5.1 Rainfall and temperature

Rainfall at Glen Osmond (the nearest recording station) during the course of the 

experiment could be summarised as an average or above average start to the 

2004 growing season, an extremely dry October, followed by a relatively wet 

summer (Figure 6.7). The autumn of 2005 was extremely dry with maximum 

temperatures higher than average. There was a late break to the 2005 season, 

occurring on 10 and 11 June.
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Figure 6.7: Monthly rainfall (solid columns) and the long term mean (open 

columns) for Glen Osmond over the experimental period. Actual mean 

maximum (line with solid circles) and minimum (line with open circles) daily 

temperatures are also shown for Kent Town.

6.3.5.2 Plant survival

Plant mortality was most prevalent during summer, especially over December 

and January. While the autumn period was historically very dry (deciles 4, 1 and 

1 respectively for March, April and May), there was little plant death over this 

time (Figure 6.8).
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Species differed in their ability to survive the experimental period (P<.001). 

There was no significant difference in survival between the major and moderate 

impact groups throughout the experiment (Table 6.7). The no impact group had 

significantly less surviving plants than these two groups at all times, even at the 

first measurement on September 3 (Figure 6.8). The only species from this 

group to survive until the commencement of the 2005 growing season was A. 

cultriformis. There was considerable variance within impact groups in relation 

to species survival.

Only two herbaceous species were tested and their responses were quite 

different. M. sativa was the only species not to suffer any deaths during the 

experiment. T. fragiferum had good early survival before losing 94% of the 

population during December and January. It did not survive until the start of the 

2005 growing season (Figure 6.8). 
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Figure 6.8: Mean survival of the a) major, moderate and no impact groups and 

b) D. lignosus, the unassessed woody species as well as the two herbaceous 

species over the experimental period. Error bars indicate the standard error. 
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Table 6.7: Significance of comparisons between impact groups and between 

impact groups and unassessed species in their juvenile survival.

Comparison Juvenile survival

Major vs. moderate n.s.

Major vs. no **

Moderate vs. no **

Major vs. inconsequential n.s.

Moderate vs. inconsequential n.s.

No vs. inconsequential **

Major vs. D. lignosus **

Major vs. D. rectum **

Major vs. G. triacanthos **

Major vs. R. raetam *

Moderate vs. D. lignosus **

Moderate vs. D. rectum **

Moderate vs. G. triacanthos **

Moderate vs. R. raetam **

No vs. D. lignosus **

No vs. D. rectum n.s.

No vs. G. triacanthos **

No vs. R. raetam **

Inconsequential vs. D. lignosus **

Inconsequential vs. D. rectum **

Inconsequential vs. G. triacanthos **

Inconsequential vs. R. raetam **

Major vs. moderate. time n.s.

Major vs. no. time *

Moderate vs. no. time **

Major vs. D. lignosus. time **

Major vs. D. rectum. time *

Major vs. G. triacanthos. time *

Major vs. R. raetam. time n.s.

Moderate vs. D. lignosus. time **
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Comparison Juvenile survival

Moderate vs. D. rectum. time **

Moderate vs. G. triacanthos. time *

Moderate vs. R. raetam. time n.s.

No vs. D. lignosus. time *

No vs. D. rectum. time n.s.

No vs. G. triacanthos. time n.s.

No vs. R. raetam. time **

Inconsequential vs. D. lignosus. time **

Inconsequential vs. D. rectum. time **

Inconsequential vs. G. triacanthos. time n.s.

Inconsequential vs. R. raetam. time n.s.

n.s = not significant; * P<.05; ** P<.001

6.4 Discussion

6.4.1 Seedling growth

In both the woody and herbaceous impact groups, the effect of withholding 

water generally reduced specific leaf area and specific root length. However, the 

effect of drought did not alter the comparisons between impact groups. 

Therefore, the conclusions drawn from Chapter 5 are still applicable. From that 

study, major and moderate impact woody legumes had larger specific root 

lengths compared to the no impact group. The only significant interaction that 

was found in these experiments were that the woody moderate impact group did 

not reduce specific leaf area in the face of drought to the same extent as the 

major and no impact groups. 

The moderate and inconsequential impact groups had greater tolerance to low 

soil moisture than the other impact groups in the seedling pot experiments when 

measured as higher specific leaf area under drought to their respective woody 

and herbaceous comparisons (as well as their greater seedling longevity). 

Specific leaf area has been shown to be positively correlated with relative 
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growth rate (Wright and Westoby, 1999; Wright and Westoby, 2000). This 

would appear to give these groups a substantial advantage during the seedling 

stage when establishing in dry soil. As this is often the case in temperate 

Australia and competition with other species for moisture is critical, this would 

be seen as an important attribute. However, this raises the question as to why the 

major and consequential impact groups did not display this attribute? The 

hypothesis that the advantage of a low specific leaf area comes from the leaves 

possessing a defence mechanism has already been examined for the herbaceous 

species. This is applicable in both low and high soil moisture conditions. The 

case of the woody legumes needs to be explored further.

Slower growth and conservation of resources is an adaptation to stress. 

Australian natural ecosystems are generally characterised by being dry and low 

in fertility. Perhaps a more conservative approach is a more successful strategy 

in these environments (Grime, 1977). This may also be linked to why 

populations of moderate impact legume species were difficult to find in natural 

ecosystems of low disturbance (see Chapter 4).

An alternative reason why the moderate impact group’s better growth in dry soil 

does not lead to higher weed impact could be that the major impact group 

compensate for their relatively lower seedling growth in dry soil by weight of 

plant numbers. Whilst they may sustain greater seedling mortality, they have a 

greater number of potential candidates to cover these losses. A number of 

slower growing seedlings may still overcome one or two individual faster 

growing seedlings. This may be especially true when the growth advantages are 

only seen in dry soil and this condition may only last a short period of time.

6.4.2 Seedling drought tolerance

Seedlings were able to survive without additional water for a considerable time. 

The herbaceous species studied had similar survival times to the longest lived 

species investigated by Leishman and Westoby (1994), also grown in a 

glasshouse. The longest lived woody species in this study far exceeded the 
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survival times in that (Leishman and Westoby, 1994) study. A number of 

factors may have contributed including differences in glasshouse conditions. 

Higher humidity and lower irradiance may have created less stressful 

conditions. Another possible reason could be the differing definitions of 

mortality. Nevertheless, it would seem apparent that some species were able to 

tolerate dry soil conditions for quite long periods. Leishman and Westoby 

(1994) found larger seeded species were able to survive drought longer, in 

contrast to the present study. The moderate impact group (with an intermediate 

seed mass of the three impact groups) of the woody species and the 

inconsequential impact (smallest seed mass) herbaceous legumes were able to 

survive the longest. It was suggested above (6.4.1) that these impact groups had 

a greater demand for resources due to their higher specific leaf area in dry soil. 

They also had substantial specific root length in the seedling growth experiment. 

Theoretically, better root growth (especially fine roots) would lead to better 

potential resource capture. However, in this study in a restricted soil volume, 

conservation and not just capture of moisture would have been important. It is 

likely that too high a root density would have been a disadvantage, as the soil 

would have dried quickly, leading to a quicker onset of stress (Hamblin and 

Hamblin, 1985).

The longer survival of the moderate impact woody legume group was largely 

due to having three Australian species (A. baileyana, A. saligna and P. 

lophantha) within the group. The five Australian native species used in this 

study all exhibited long survival in dry soil, regardless of impact class. The 

Australian flora has long been regarded as unique and finding the reasons why 

plants from this continent can survive in harsh conditions has been a popular 

pursuit. Many of the reasons behind the success of Australian species, 

particularly in regard to water relations, remain unanswered (Doley, 2004). 

Wright et al. (2004) showed that Australian Acacia species have higher leaf 

nitrogen concentrations than Hakea Schrad & J.C.Wendl. or Eucalyptus L’Her 

species. They suggested that this might be part of a water conserving strategy. 

Wright et al. (2003) found that species from low rainfall habitats had higher leaf 

nitrogen concentrations. They suggested that the benefits of this were reduced 

transpirational water use through lower stomatal conductance. Whilst global 
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trends in leaf traits occur, they have been found examining hundreds of species 

(Wright et al., 2003; Wright et al., 2004) and so it is hazardous to compare these 

relationships with such small data sets (Wright et al., 2004), such as the one 

gathered here.

6.4.3 Juvenile survival of perennial legume species

As the hot, dry summer period is a distinct and regular feature of the climate of 

temperate Australia, the ability of plants to withstand it must be a crucial factor 

in determining their success. The difference between the no impact group and 

the major and moderate impact groups in the survival of juvenile plants over 

summer and autumn was apparent. Mortality was both more frequent in the no 

impact group and also occurred earlier in the experiment. The fact that major 

and moderate impact legumes could be distinguished from legumes that have 

had very limited naturalisation and weed success in temperate Australia (i.e. the 

no impact group) on the basis of their ability to survive summer, is a pertinent 

result. From the aim of identifying particular biological traits that can 

distinguish between species of differing impact, it is still imprecise. However, it 

does indicate that the differences observed in the seedling growth studies could 

be important.

The small seedling specific root length of the no impact group observed in the 

glasshouse study may be a factor in their reduced survival. The only species 

from this group to survive summer was A. cultriformis, which did possess a 

large specific root length in the seedling growth experiment. It is also an 

Australian native species. It appears that the no impact group does not have a 

large amount of fine root growth or be capable of fast, deep root growth. 

The experiment conducted in the raised soil bed differed from the glasshouse 

studies not just in the age of the plants used, but also provided no apparent 

physical barrier to root growth. Subsequently, it provided species with a deep 

rooting habit an opportunity to exercise their ability to do so. The two species 

with the highest survival in this experiment, M. sativa and C. proliferus are both 
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known to possess deep roots (Cocks, 2001; Lefroy et al., 2001; Bell, 2005). M. 

sativa not only survived over summer and autumn but grew strongly and was 

even able to flower and set seed. A deep rooting ability gives a plant an obvious 

advantage in capturing moisture (Jackson et al., 1999). 

The majority of deaths in the raised bed experiment occurred over the hottest 

months in southern Australia. This occurred even with above average rainfall 

during those months. There was no evidence of pathogenic attack or other biotic 

causes of death. Therefore, it is highly likely that mortality was due to a

combination of heat and drought stress.

6.4.4 Evaluation of the unassessed species with regard to growth and 

survival in dry soil

For the woody species, D. rectum was found to have a larger specific root length 

compared with the no impact group in the glasshouse under full water, but 

drought conditions reduced this significantly more than for the other impact 

groups (Figure 6.1). The survival of D. rectum in the glasshouse under drought 

was not significantly different to the major and no impact groups (Figure 6.5

and Table 6.5). In the raised soil bed, D. rectum had good initial survival, but 

once summer arrived it died rapidly (Figure 6.8). Bell (2005) found that D. 

rectum was both shallow rooted and slow at producing deeper roots, suggesting 

that this has been responsible for its poor survival during summer drought. Two-

year-old plants (watered during their first summer) also suffered 100% mortality 

over summer in the same raised bed (data not shown). It appears that the periods 

of drought experienced in temperate Australia represent a major hazard to the 

persistence of D. rectum.

Specific leaf area in G. triacanthos was significantly higher compared with the 

other three impact groups (Table 6.1 and Table 6.2). However, specific root 

length in this species was smaller compared with all woody impact groups 

(Table 6.1 and Table 6.2). Its survival under drought was not significantly 

different to the major and no impact groups (Table 6.5 and Figure 6.5). G. 
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triacanthos had very poor establishment in the raised soil bed. It did not survive 

summer (Figure 6.8) and survival was not significantly different to the no 

impact group for much of the experiment (Table 6.7). In the central eastern 

USA where G. triacanthos is native, the warm seasons are the favourable period 

of germination, due to adequate rainfall and the presence of winter snow. G. 

triacanthos is a weed of sub-tropical Australia (Csurhes and Kriticos, 1994)

where summer rainfall is prevalent. G. triacanthos seedlings may be intolerant 

of the cold and wet conditions experienced in temperate Australia at the start of 

the growing season, as a number of deaths occurred during this time. Whilst 

being able to grow well as a cultivated plant in temperate Australia, it appears 

that G. triacanthos is unlikely to be successful as a wild plant in this region. It 

does not appear to be able to establish during the winter months and the lack of

summer rain would hinder successful seedling recruitment at that time. 

R. raetam had a lower specific root length compared to the major and moderate 

impact groups in the glasshouse experiment, although drought did not 

negatively affect the specific root length of R. raetam (Figure 6.1). It did have a 

low specific leaf area (Table 6.1), which may be an indication of a low relative 

growth rate (Wright and Westoby, 2000). This is regarded as an adaptation to 

surviving stressful conditions, but means it would not be highly competitive 

when resources are non-limiting (Lambers and Poorter, 1992). In contrast to the 

two preceding species, R. raetam had good survival in the raised bed experiment 

(Figure 6.8). R. raetam is a desert plant in its natural habitat (Chipp, 1930; 

Davis, 1953) so must have mechanisms to cope with moisture and heat stress. 

Mittler et al. (2001) found that the upper canopy stems of R. raetam enter a type 

of “dormancy” under drought stress. Further work by Pnueli et al. (2002)

suggested that a decrease in overall metabolism, inhibition of photosynthesis 

and the apparent disappearance of many cellular proteins were the features of 

this dormancy. The shorter time R. raetam was able to survive without water in 

the glasshouse (Figure 6.5) suggests this dormancy is not present in very young 

plants. Nevertheless, the dry summer period of temperate Australia would not 

appear to be a barrier to R. raetam establishing as a wild plant in this region. It 

may well be more adapted to drier parts of the region, where stress tolerance 

and slower growth would be an advantage. Significant infestations of this 
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species have already occurred in dry environments (400mm annual rainfall) in 

South Australia. The major and moderate impact woody legumes used in this 

study are generally found in higher rainfall areas of temperate Australia, so 

adaptations to drier regions may need different biological attributes than these 

groups may possess.

The three unassessed herbaceous species were different in their seedling growth 

and survival in dry soil. A. pelecinus had a lower specific leaf area but this was 

only slightly reduced by drought (Figure 6.3). It still maintained a large specific 

root length (Table 6.3), so these two traits may be a good drought or stress 

adaptation. The relatively long survival of seedlings of this species without 

water (Figure 6.6) supports this conclusion. The specific leaf area of T. 

glanduliferum and M. sulcatus was significantly reduced under drought, more 

than for the other impact groups (Figure 6.3). Both species were able to 

maintain a large specific root length even under drought (Table 6.3). However, 

the two species had contrasting drought tolerance. M. sulcatus was able to 

survive longer than the other species, whereas T. glanduliferum was the first 

species to die (Figure 6.6). M. sulcatus may possess other attributes besides 

large root growth that aid it in tolerating dry soil conditions. This species is also 

tolerant of waterlogged conditions (Boschma et al., 2004), so it appears to be a 

very resilient species with the potential to establish under a range of moisture 

conditions.

6.5 Conclusion

The effect of withholding water from seedlings significantly reduced their 

specific leaf area and specific root length. However, drought did not greatly 

alter the comparisons between impact groups. Under dry soil conditions, the 

moderate impact woody group had the highest specific leaf area, and the 

inconsequential impact herbaceous group the highest specific leaf area and 

specific root length. Both of these groups were able to survive the longest 

without water in the glasshouse.
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When planted outside in a raised soil bed, major and moderate impact legumes 

had greater survival over summer than no impact legumes. This may be related 

to their increased seedling specific root length that was observed in the 

glasshouse study, an ability to achieve a greater rooting depth or other drought 

tolerance mechanisms.

It does not seem that the ability of seedlings to survive a false break contributes 

to the increased success of higher impact legumes in temperate Australia. 

However, a species’ reproductive biology may still be important in its ability to 

survive a false break. The amount of seed dormancy a species can maintain over 

the summer and autumn period and the timing of its release influences the 

success of species to survive summer in Mediterranean environments. The 

number of seedlings a species can create may also compensate for lower 

seedling growth and ultimately be more important in distinguishing legumes of 

differing impact.
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7 The importance of inherent reproductive traits 
in explaining the relative impact of exotic 
legumes in temperate natural ecosystems

7.1 Introduction

The success of species are partly linked to factors surrounding their 

reproductive biology (Fenner and Kitajima, 1999), which in turn can be 

responsible for explaining the composition of plant communities (Harper, 

1977). The chance that a single propagule can successfully establish, grow and 

then reproduce is very small. It is recognised that for a given amount of energy, 

species can produce a fewer number of larger seeds or a greater number of small 

seeds (Fenner and Kitajima, 1999; Westoby, 1999; Moles et al., 2004). Westoby 

et al. (2002) considered seed mass to be one of the most important traits that 

affect plant ecological strategy. The production of small seeds increases, 

through sheer weight of numbers, the probability that some progeny will land in 

a spot favourable for germination (Reichard, 2001). Large seeded species have 

advantages in seedling size, growth in shade and also dry soil (Westoby et al., 

2002). Seed mass is also thought to be an important influence on the distance a 

propagule can disperse (Fenner and Kitajima, 1999). Small seed mass has been 

found to be a distinguishing trait in differentiating invasive and non-invasive 

species of Pinus (Rejmanek and Richardson, 1996) and Hamilton et al. (2005)

correlated it with invasion success in exotic species introduced to eastern 

Australia. Short time to reproductive maturity was also an important predictor of 

invasiveness in the genus Pinus (Rejmanek and Richardson, 1996). 

Legumes are commonly associated with producing seeds that possess a physical 

form of seed dormancy which prevents the entry of water (Baskin and Baskin, 

1998). Impermeable seeds (often termed hard seeds) are vital in determining the 

persistence of annual legumes in Mediterranean environments where out of 

season rainfall events are common (Taylor, 2005), but may also be of value in 

the success of perennial legumes that do not reproduce vegetatively. A 
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combination of high seed production and seed dormancy may contribute in the 

formation of large persistent seed banks, providing temporal dispersal of the 

species and protection from disastrous effects on the maternal population (Hill 

et al., 2001).

If reproductive strategies are important in shaping plant communities, it should 

also stand that they are important in explaining the various success of weeds. A 

few Australian studies have focussed on the population dynamics of some major 

impact woody legumes (Downey and Smith, 2000; Lloyd, 2000; Sheppard et al., 

2002), but similar studies have not been initiated on species that have not 

become serious weeds, nor comparisons between the two. Legume species of 

differing impact were identified in Chapter 3. If these species could be 

distinguished on the basis of their reproductive biology, it could have important 

implications in weed risk assessment systems as a predictive tool, as well as in 

prioritising species for control.

The aim of this study was to investigate reproductive traits of legumes to see if 

species of differing impact could be distinguished on the basis of one or more of 

these traits.

7.2 Methods

7.2.1 Soil surface seed bank

7.2.1.1 Species and growing conditions

As not all perennial species had short juvenile periods, seeds could not be 

collected from plants deliberately grown at the same time and location. As a 

result, surface seed banks of the test species (listed in Chapter 3 section 3.4.4) as 

well as the unassessed species (described in Chapter 5 section 5.2.1.1) were 

measured from mature populations. Wild populations of major and moderate 

impact woody legumes and consequential and inconsequential impact 

herbaceous legumes were sampled. P. pinnata was not sampled as no wild 

populations existed near to the research base and cultivated populations 
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produced minimal seed (which is not the case with wild populations). No impact 

and unassessed species were sampled from cultivated populations because they 

have not been recorded as naturalised or are very limited in their naturalised 

distribution in temperate Australia. However, R. raetam was sampled from wild 

populations because infestations existed and suitable cultivated populations 

were not located. Sampling occurred after the 2003 and 2004 growing seasons. 

Some later maturing species were also sampled after the 2002 growing season. 

Some sites could not be sampled in all years due to weed control taking place in 

the interval period. Location details and sampling years are provided in 

Appendix 10 and Appendix 11.

The herbaceous annuals were also grown as spaced plants (as they set seed in 

the first year) at the SARDIGRC, Waite Campus, Adelaide, South Australia in 

2003 and 2004. Some species were not grown in 2003 due to insufficient seed 

being available. Plants were raised in a glasshouse for six weeks before being 

planted in a single row of 25 individuals spaced 15 cm apart. No supplementary 

irrigation was given at any time during the growing period. 

7.2.1.2 Sampling

Sampling occurred once all the seeds were fully ripened and had a chance to 

dehisce from the plant. At all sites quadrats (50 cm square) were placed at 

random in four locations in both 2002 and 2003 and five locations in 2004. C. 

siliqua was sampled after the 2002 growing season with 30 cm square quadrats. 

All seed was collected from the plants grown at the SARDIGRC. Pods and/or 

seeds were hand picked or sucked with a portable vacuum unit from the soil 

surface. Aside from the plants grown at the SARDIGRC, seeds from previous 

years may have been collected at the same time. Therefore, this measurement is 

more an indication of the soil surface seed bank than true seed production. 

After the 2003 season, it was apparent that the above suction technique was not 

successful with A. baileyana, A. longifolia and U. europaeus, as almost 

complete seed removal (presumably by ants) was taking place before sampling 

could occur. For the next sampling period, an alternative method was employed 
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for these three species. For these taxa, 20 seed traps based on the pitfall funnel 

design described by Page et al. (2002), were buried to a minimum depth of 20 

cm in the ground throughout one infestation of each of the three species. Traps 

measured 10 cm in diameter. The top of the trap was coated with a layer of 

Trappit® barrier glue to restrict the entry of seed predators into the trap. Traps 

were placed at sites just prior to pod shattering and collected once this had 

concluded. 

Intact pods were threshed using corrugated rubber threshing boards to minimise 

damage to the seed. Samples were cleaned by sieving and hand sorting to 

separate the pod and other material from the seeds. Seed samples were weighed 

using an electronic balance. To calculate the number of seeds per sample, seven 

sub-samples of 100 seeds were taken and weighed to give a mean 100 seed 

weight. Where there were less than 700 seeds in a sample, all seeds were 

counted and weighed and a 100 seed weight calculated from this.

7.2.1.3 Statistical analysis

ANOVA contrasts were used to assess differences between impact groups and 

between impact groups and unassessed species. Data were ln transformed prior 

to analysis. Woody and herbaceous species were analysed separately.

7.2.2 Seed mass

Seeds of each test species were collected from various locations. Localities are 

shown in Appendix 12 and Appendix 13. Seeds were cleaned of foreign 

material and counted into seven replicates of 100 seeds. They were then 

weighed using a shielded laboratory electronic balance. The measurement of 

seed mass included the seed coat and any natural appendage such as an 

elaiosome the seed may have possessed when collected. Seed mass data were ln 

transformed before analysis. ANOVA contrasts were used to compare impact 

groups and unassessed species. Woody and herbaceous species were analysed 

separately. 
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7.2.3 Seed impermeability

7.2.3.1 Species and maternal environments

The species used were based on the test species list and the three unassessed 

woody and three unassessed herbaceous species, but had to be modified on 

account of seed availability. P. pinnata and A. cultriformis were not included as 

adequate seed could not be located. Sampling locations of woody species were 

chosen based on the same criteria as described in section 1.2.1.1. Species were 

collected in as close to the same locality as was possible but the practicality of 

achieving this meant significant environmental variation existed between 

collection sites (Appendix 14). 

Ten of the 12 herbaceous species were deliberately grown at the SARDIGRC, 

Waite Campus, Adelaide, South Australia in spaced rows as they had short 

juvenile periods and produced seed in the first year. The two other species were 

collected from wild populations. Accessions or cultivars of consequential and 

inconsequential impact species that were grown were only selected if the 

original seed was collected in Australia (i.e. a naturalised provenance). The no 

impact herbaceous species were cultivars that had a history of use in Australia. 

The pods from the M. sativa plants that were intended for use in this experiment 

were attacked by seed wasps and were not used, as the seed viability would 

have been low. T. fragiferum was substituted for M. sativa as it was a perennial 

herbaceous species of inconsequential impact (Chapter 3). The M. polymorpha 

cultivar Circle Valley was also included making two accessions of this species 

in this experiment. Circle Valley was included as its breakdown of seed 

dormancy has been studied previously at the same location (Hill, 2001). Of the 

unassessed herbaceous species, commercial cultivars of A. pelecinus and T. 

glanduliferum were used and a M. sulcatus accession was chosen of which there 

was plenty of available seed. Collection sites and details are listed in Appendix 

15.
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7.2.3.2 Experimental conditions

Ripe, intact pods of the test species were selected randomly from plants, 

collected and immediately transported back to the laboratory for processing. A 

sub sample (size depending on the total amount of pods) was removed and 

threshed to determine the mean number of seeds per pod or in the case of three 

Trifolium species (T. alexandrinum, T. fragiferum and T. glanduliferum), seeds 

per head. 

From this calculation, pods of each species were randomly grouped into 28 

equal lots (seven sampling times replicated four times) to give a minimum of 50 

seeds per lot. In the case of L. cosentinii, V. faba, C. siliqua, C. siliquastrum and 

D. lignosus there was insufficient seed, so all pods were used and divided 

equally into lots. There was only enough seed for one replicate of L. odoratus. 

The number of pods in each lot for each species is shown in Table 7.1 and Table 

7.2. Due to the test species having differing ripening times, species were 

collected and processed at different dates (Table 7.1 and Table 7.2). Species 

which did not ripen in the summer period had an extra pod lot to enable a 

sample in January 2004.

For each species, four lots were immediately removed to determine the initial 

level of impermeable seed (four replicates of the first sampling time). Seeds 

were removed from the pods by careful hand threshing, then placed in Petri 

dishes on moist filter paper and incubated for two weeks at a constant 20°C with 

12 h day and 12 h night cycles. The filter paper was kept moist over the time 

period. The number of seeds that had not imbibed were counted after 14 days. 

The remaining seeds were scarified with sandpaper and incubated in the same 

manner as described previously to assess viability.

Each of the remaining pod lots were placed in fibreglass insect screen (1 mm 

mesh) pockets. Following an attack from rodents on pockets containing C. 

siliqua, an additional layer of aluminium insect screen (2 mm mesh) was placed 

around pockets of this species. As pod lots for the test species differed in size 

and shape, pockets also differed in size. However, all pockets were large enough 
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to ensure the pods could form a single horizontal layer and as such, have contact 

with the soil.

Table 7.1: The number of seeds per pod, the number of pods placed in each pod 

lot, the initial viability and the date on which pods were pinned to the soil 

surface of the woody species used in the seed dormancy experiment

Species Mean 

number of 

seeds pod-1

Estimated 

number of seeds 

pod lot-1

Initial 

viability 

(%)

Date 

pinned to 

soil

G. monspessulana 6.0 53.7 92.79 31/12/2003

C. scoparius 10.2 81.7 86.28 28/12/2003

U. europaeus 5.4 80.6 17.13 4/12/2003

A. longifolia 6.8 54.2 68.35 29/12/2003

D. lignosus 3.1 18.6 68.75 2/2/2004

C. proliferus 7.8 62.4 78.52 28/12/2003

P. lophantha 8.7 60.9 87.70 28/12/2003

A. saligna 6.3 56.4 94.40 2/1/2004

A. baileyana 7.4 51.5 91.43 19/12/2003

B. variegata 3.0 51.8 92.21 30/1/2004

C. siliqua 6.6 20 82.92 25/5/2003

C. siliquastrum 5.5 24.9 93.00 25/5/2003

S. japonicum 1 50 98.50 7/10/2003

D. rectum 4.9 53.4 87.16 1/1/2004

G. triacanthos1 50 98.00 25/5/2003

R. raetam 1 50 92.51 26/2/2004
1The number of seeds per pod lot was estimated by counting the firm 

protrusions on each pod
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Table 7.2: The number of seeds per pod, the number of pods placed in each pod 

lot, the initial seed viability and the date on which pods were pinned to the soil 

surface of the herbaceous species used in the seed dormancy experiment

Species Mean 

number of 

seeds pod-1

Estimated 

number of seeds 

per pod lot 

Initial 

viability 

(%)

Date 

pinned to 

soil

L. tingitanus 4.8 58.5 84.09 6/12/2003

L. cosentinii 3 27 93.65 27/11/2003

T. angustifolium 0.9 47 92.50 1/1/2004

M. polymorpha

cv. Circle Valley

5.9 52.8 100.00 26/11/2003

M. polymorpha 6.9 55.4 100.00 26/11/2003

T. fragiferum1 45.8 91.5 99.15 14/2/2004

V. sativa 8.1 56.9 97.40 30/11/2003

T. alexandrinum1 15.4 61.6 81.44 3/1/2004

L. odoratus2 30 100.00 10/2/2004

V. faba 3.3 36.5 90.00 24/12/2003

A. pelecinus 19 57 100.00 26/11/2003

M. sulcatus 1 50 88.78 18/12/2003

T. glanduliferum1 58.9 176.5 100.00 26/11/2003
1Figures refer to the number of seeds per seed head
2As there was insufficient seed for this measurement, the transparent pods were 

held to a light and the seeds were counted.

Pods of each species were divided and placed randomly into four replicates. 

These pockets were then pinned with a galvanised wire stake, 20 cm long to 

bare soil at Waite Campus, Adelaide, South Australia. The experiment was set 

out as a completely randomised block design.

One pocket was removed from each of the replicates for each species on 9 

March, 21 May, 26 October 2004 and 24 January, 29 March and 23 May 2005. 

In the case of C. siliqua, C. siliquastrum, G. triacanthos and S. japonicum a 

pocket was also removed on the 23 January 2004.
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was not significant it was omitted and the data were subject to ANOVA 

contrasts to compare impact groups and unassessed species. Contrasts were not 

performed between woody and herbaceous impact groups. Firstly, the initial 

level of impermeable seed was analysed independently. A subsequent analysis 

was performed on the change in impermeable seed between summer of 

2003/2004 and the final sampling in May 2005.

7.2.4 Juvenile period

The juvenile period was recorded as the time a species takes from germination 

to when it first produces seed. Where time to seed production could not be 

sourced, time to first flowering was substituted. Information was obtained 

through various published literature and observations of cultivated plants. 

References are in Appendix 16. No values could be obtained for A. cultriformis 

and R. raetam. Herbaceous species were not analysed as the test species all 

produce seed in their first year. ANOVA contrasts were used on ln transformed 

data to determine significant differences between woody impact groups and 

between impact groups and unassessed species. 

7.2.5 Dispersal mechanisms

Species were assigned to one of six different dispersal categories described by 

van der Pijl (1982). If a species could not be assigned to one of these categories, 

they were assigned to a 7th category - unassisted.

1) Ornithochory (birds)

2) Mammaliochory (internally by mammals)

3) Myrmecochores (ants)

4) Anemochory (wind)

5) Epizoochory (external on animals)

6) Autochory (by the plant itself)

7) Unassisted
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Where a species displayed more than one method of dispersal, their primary 

dispersal method was selected. For example U. europaeus exhibited autochory 

and then ants further disperse seeds. In this case U. europaeus would be 

classified into the autochory category. The appropriate category was determined 

by observation of the test species as well as extensive examination of the 

literature (Appendix 17 and Appendix 18). T. glanduliferum was assigned to the 

mammaliochory category from anecdotal evidence of Dear et al. (2002) as well 

as applying knowledge of the species seed size to the findings of Thompson et 

al. (1990). No statistical analysis was undertaken as there was insufficient data 

to conduct an appropriate analysis.

7.3 Results

7.3.1 Seed production

In terms of the woody species, the major impact group accumulated the largest 

amount of seeds on the soil surface and the no impact group the lowest amount 

(Figure 7.2). All impact groups were significantly different to one another 

(Table 7.7). However, the major impact group’s large figure is due principally 

to very high figures recorded at G. monspessulana sites (mean ±SE for this 

species, 29019 ± 3295seeds m-2).
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Impact group
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Figure 7.2: Mean number of seeds m-2 in the soil surface seed bank of the 

woody impact groups and unassessed species. Mean based on 92 observations 

for the major impact group, 84 observations for the moderate impact group and 

70 observations for the no impact group, 2 observations for D. rectum, 9 

observations for G. triacanthos and 31 observations from R. raetam. Error bars 

indicate the standard error.

For the herbaceous species, the inconsequential impact group had a significantly 

larger surface seed bank (P<0.05) than the consequential and no impact groups 

(Table 7.8). The no impact group had the smallest surface seed bank (Figure 

7.3).
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Figure 7.3: Mean number of seeds m-2 in the soil surface seed bank of the 

herbaceous impact groups and unassessed species. Mean based on 58 

observations for the consequential impact group, 44 observations for the 

inconsequential impact group, 5 observations for the no impact group and 2 

observations each for A. pelecinus, M. sulcatus and T. glanduliferum. Error bars 

indicate the standard error.

7.3.2 Seed mass

Out of the three woody impact groups, the major impact group had the 

significantly smallest seed mass and the no impact group the largest (Table 7.3

and Table 7.7).

Focussing on the herbaceous species, the inconsequential impact group had the 

lowest seed mass and the no impact group the largest (Table 7.4 and Table 7.8). 

The no impact group was heavily influenced by the extremely large seeded V. 

faba.
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Table 7.3: Mean seed mass (±SE) of the woody impact groups and unassessed 

species

Impact group Seed mass (mg seed-1)

Major n=135 12.13 (±0.69)

Moderate n=140 34.18 (±2.31)

No n=87 127.10 (±10.40)

D. rectum n=14 1.21 (±0.02)

G. triacanthos n=19 208.80 (±8.30)

R. raetam n=37 65.31 (±1.85)

Table 7.4: Mean seed mass (±SE) of the herbaceous impact groups and 

unassessed species

Impact group Seed mass (mg seed -1)

Consequential n=159 75.19 (±6.04)

Inconsequential n=88 10.71 (±1.27)

No n=28 257.50 (±82.00)

A. pelecinus n=14 1.48 (±0.03)

M. sulcatus n=14 3.61 (±0.16)

T. glanduliferum n=14 0.79 (±0.01)

7.3.3 Seed impermeability

7.3.3.1 Initial level of impermeable seed

The moderate impact group had a slightly higher initial level of impermeable 

seed than the major impact group (Figure 7.4). The no impact group had 

significantly lower (P<0.001) amounts of impermeable seeds than these two 

groups (Table 7.7).
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Figure 7.4: Mean initial proportion of impermeable seeds of the woody impact 

groups and unassessed species. Mean based on 20 observations for the major 

impact group, 16 observations for the moderate and no impact groups and 4 

observations each for D. rectum, G. triacanthos and R. raetam. Error bars 

represent the standard error.

In terms of the herbaceous species, the inconsequential impact group had the 

significantly highest level of impermeable seed and the no impact group the 

lowest (Figure 7.5). 
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Figure 7.5: Mean initial proportion of impermeable seeds of the herbaceous 

impact groups and unassessed species. Mean based on 12 observations for the 

consequential impact group, 16 observations for the inconsequential impact 

group, 9 observations for the no impact group and 4 observations each for A. 

pelecinus, M. sulcatus and T. glanduliferum. Error bars represent the standard 

error.

7.3.3.2 Change in the level of impermeable seed

The amount of seed impermeable to water decreased significantly in the woody 

species over the first summer and autumn (Figure 7.6). All impact groups had 

more than 50% of their original seed population without protection to imbibition 

by March 2004. The moderate impact group had significantly higher levels of 

impermeable seed than the major and no impact groups (P<.001). However, 

there was no significant difference between the major and moderate impact 

groups in their rate of decline of impermeable seed. The statistical significance 

of all woody comparisons are shown in Appendix 19.
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Figure 7.6: Change in the level of impermeable seeds of the studied woody (a) 

impact groups and (b) unassessed species from the December 2004/January 

2005 sampling (shown as Jan 2004) until the final sampling in May 2005. Error 

bars indicate the standard error.

For the consequential and inconsequential impact herbaceous species the change 

in the amount of impermeable seeds was greater in the summer and autumn of 

2005, their second summer on the soil surface (Figure 7.7). The inconsequential 

impact group had the highest proportion of impermeable seed (P<.001). The 

level of impermeable seed in the consequential impact group declined the most 

between the January and March period. In the inconsequential impact group the 
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7.3.4 Juvenile period

There was no significant difference between the major and moderate impact 

groups in their juvenile period. However, the no impact group had a 

significantly longer juvenile period than both of these groups (Figure 7.8).
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Figure 7.8: Mean juvenile period for the woody impact groups and unassessed 

species. Mean based on 10 observations for the major impact group, 12 

observations for the moderate impact group, 4 observations for the no impact 

group, 2 observations for D. rectum and 1 observation for G. triacanthos. Error 

bars indicate the standard error.

7.3.5 Dispersal mechanism

Autochory (dispersal by the plant itself) was the most common dispersal 

mechanism used by the major impact woody species and the consequential 

impact herbaceous species. Other impact groups used a greater range of 

dispersal mechanisms but species with no obvious dispersal method was the 

most common in both the no impact woody and herbaceous groups (Table 7.5

and Table 7.6).
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Table 7.5: Primary dispersal mechanism for the studied woody groups

Impact group Most common dispersal category

Major n=5 Autochory (80%)

Moderate n=5 Bird, myrmecochores (both 40%)

No n=5 Unassisted (40%)

D. rectum Autochory

G. triacanthos Unassisted

R. raetam Mammal

Table 7.6: Primary dispersal mechanism for the studied herbaceous groups

Impact group Most common dispersal category

Consequential n=3 Autochory (66.6%)

Inconsequential n=3 Mammal, autochory and epizoochory (all 33%)

No n=3 Unassisted (66%)

A. pelecinus Mammal

M. sulcatus Epizoochory 

T. glanduliferum Mammal
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Table 7.7: Significance between comparisons of woody impact groups and the unassessed species in reproductive attributes

Comparison Surface seed bank Seed mass Initial dormancy Juvenile period

Major vs. moderate * ** * n.s.

Major vs. no ** ** ** **

Moderate vs. no ** ** ** **

Major vs. D. rectum n.s. ** ** n.s.

Major vs. G. triacanthos * ** ** *

Major vs. R. raetam n.s. ** ** n/a

Moderate vs. D. rectum n.s. ** ** n.s.

Moderate vs. G. triacanthos * ** ** *

Moderate vs. R. raetam n.s. ** * n/a

No vs. D. rectum n.s. ** ** **

No vs. G. triacanthos n.s. ** ** n.s.

No vs. R. raetam ** n.s. ** n/a

n.s = not significant; * P<.05; ** P≤.001
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Table 7.8: Significance between comparisons of herbaceous impact groups and the unassessed species in reproductive attributes

Comparison Surface seed bank Seed mass Initial dormancy

Consequential vs. inconsequential * ** **

Consequential vs. no * ** **

Inconsequential vs. no * ** **

Consequential vs. A. pelecinus * ** **

Consequential vs. M. sulcatus n.s. ** **

Consequential vs. T. glanduliferum * ** **

Inconsequential vs. A. pelecinus n.s. ** *

Inconsequential vs. M. sulcatus n.s. ** n.s.

Inconsequential vs. T. glanduliferum n.s. ** n.s.

No vs. A. pelecinus ** ** **

No vs. M. sulcatus * ** **

No vs. T. glanduliferum * ** **

n.s = not significant; * P<.05; ** P≤.001
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7.4 Discussion

7.4.1 Soil surface seed bank

As a group, the major impact legumes had higher soil surface seed banks than 

the moderate impact group, which in turn had higher seed banks than the no 

impact legumes. Therefore, a large surface seed bank would seem to be a 

successful trait for distinguishing woody legumes of differing impact. However, 

the larger surface seed bank of the major impact group is due to the influence of 

G. monspessulana sites. If the other four major impact species were only used, 

surface seed bank figures would be significantly lower than the moderate impact 

group. It is also likely that measurements would be dependant on location. 

Much higher seed banks have been recorded in C. scoparius at higher altitudes 

and consequentially cooler sites (Sheppard et al., 2002). Alternatively lower 

seed banks have been recorded in A. saligna where pre-dispersal predators are 

active (Tozer, 1998). Regardless, higher seed production is advantageous as it 

increases the potential number of plants that can be recruited. If results from 

Chapter 4 and Chapter 5 are taken into account, the major impact legumes 

occupy a large area (high percentage cover) in the location they occupy, but are 

also the smallest in terms of individual plant height and width. Therefore, it is 

fundamental that they need a high number of plants to achieve such a high 

degree of cover. If the chance of a single seed becoming an adult plant is low 

(Harper, 1977), such as in established natural ecosystems and/or established 

infestations of woody legume species, producing a large number of seed 

increases the chance of recruitment occurring. High seed production, along with 

suitable seed dormancy, also contributes to the formation of large persistent 

seed banks. These are able to disperse the population in time and help guard 

against severe events to the parent population such as drought, fire or deliberate 

weed control. 

Differences between the surface seed banks of the herbaceous impact groups 

were not large (but significant at the P<0.05 level); however, the 

inconsequential impact group did accumulate the most seeds on the soil surface. 
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The fact that the inconsequential impact group had a higher proportion of 

impermeable seed may negate the difference in seed production with the higher 

impact consequential impact group. 

The size of surface seed banks obtained in this study are comparable to the 

ranges of those measured for seed banks of A. longifolia (Pieterse and Cairns, 

1986) and A. saligna (Holmes, 1990b) in South Africa, C. scoparius (Hosking 

et al., 1998) and G. monspessulana (Lloyd, 2000) in southern Australia and the 

seedfall of U. europaeus in New Zealand (Hill et al., 1996). Comparisons are 

difficult due to the range of differing methodologies used and the location and 

situation of measured populations (i.e. under vs. away from overstorey 

Eucalypts (see Hosking et al., 1998)).

The number of species being tested and the different seed production and 

dispersal strategies used by the plants (seed shattering, pod dehiscence, 

myrmecochory) confounded the methodology that could be used. The logistics 

involved in sampling such a number of species (and ecotypes) occurring at 

geographically different sites played a major role in influencing the 

methodology that was used. As a result, the best compromise was sought 

between measurements that were achievable whilst still producing a meaningful 

result. It must be remembered that the measurement was not strictly seed 

production nor was it a measurement of the persistent seed bank. In the samples 

collected, seed that was produced in previous years was also gathered. This was 

a subjective observation and not always apparent, so no effort was made to 

separate samples along these lines. The measurement also did not account for 

seeds buried deeper in the soil profile. However, most seeds of woody legumes 

are found in the surface litter and top layer of soil in non-agricultural 

environments (Pieterse and Cairns, 1986; Tozer, 1998; Hill et al., 2001). The 

methodology also allowed predation and further dispersal of seeds after being 

shed from the plant. This was most notable in A. baileyana and A. longifolia and 

presumed in U. europaeus. This resulted in seed traps being used in the second 

summer for these species. 
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7.4.2 Seed mass

It is postulated that plants either produce many small seeds or fewer larger ones 

(Fenner and Kitajima, 1999). The capability of a plant to produce larger 

numbers of seeds is seen as the major advantage of possessing smaller seeds 

(Westoby, 1999). The ranking of woody impact groups in relation to seed 

production (viz. major>moderate>no) is the inverse of seed mass. So it may 

seem that the smaller seeded impact groups are producing more seeds. 

However, this was not the case with the woody species studied. This is mainly 

due to the low seed production of A. cultriformis, but even with the exclusion of 

this species the relationship was not overly strong. On the basis of these data, 

greater seed production was not necessarily the result of having a smaller seed 

mass in exotic temperate woody legumes. However, the local scale variation in 

measuring seed production and the limited number of sites sampled, generates 

reservations about such a conclusion. The other main advantage of small seed 

mass is thought to be the distance that the seed can be dispersed from the 

maternal plant (Harper, 1970). Dispersal mechanisms were studied in this 

investigation and smaller seeded species did not tend to be adapted to long-

distance dispersal. The advantages of a smaller seed mass may also occur in the 

germination and establishment phase. 

Large seeded species have been regarded as possessing a number of advantages 

in seedling establishment, namely superior survival in shade (Saverimuttu and 

Westoby, 1996), in dry soil (Leishman and Westoby, 1994) and in initial size 

(Westoby et al., 2002). No evidence of better growth and survival was seen in 

dry soil with these species in Chapter 5. Shade may not be a factor because the 

major impact legumes often germinate only after removal of the parent plants or 

when gaps appear in the canopy (Lee et al., 1986; Smith, 1994). Additionally, 

the short distance dispersal mechanisms employed by the major impact legumes 

means that seeds are dispersed far enough away from the maternal plants to 

avoid competition from them and possibly other species. Recently, Moles and 

Westoby (2004b) have suggested that the advantages of larger seeds during 
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establishment do not compensate for the increased seed output of smaller seeded 

species.

Smaller seeds do have a number of advantages. Small seeds are considered to be 

less likely to encounter post dispersal predation (Fenner and Kitajima, 1999). 

This may be because they are less desirable to particular predators (Gomez, 

2004) or because they are more likely to find safe sites by falling down cracks 

and gaps in the soil (Bekker et al., 1998). They are also more likely to be 

covered and thereby protected by other plants and litter. Faster imbibition rates 

and thus faster germination have also been found in smaller seeds (Fenner and 

Thompson, 2005). If larger seeds remain on the soil surface for longer they may 

also be more prone to predation and also to attack by pathogens.

In Chapter 5, it was observed that specific root length was the trait most 

strongly correlated to seed mass. Small seeded species had a larger specific root 

length. Specific root length was deemed an important trait, as it should confer 

advantages in capturing soil resources (Cornelissen et al., 2003).

Seed mass in herbaceous species is not a good trait for distinguishing impact, 

both the consequential and no impact groups contained both small and large 

seeded species. The small sample number is also problematic in this instance. If 

P. sativum had been measured instead of V. faba, there would be no difference 

between the two groups.

7.4.3 Seed impermeability

7.4.3.1 Initial level of impermeable seed

The major and moderate woody impact legumes had approximately 60% 

impermeable seed when measured initially. This is significantly lower than the 

herbaceous legumes studied and would leave a large proportion of the seed bank 

vulnerable to germinating rains in summer with a lower chance of seedling 

survival. There are two reasons why the figure of 60% appears to be low. The 
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first is that Auld (1986) reported finding very similar amounts (67.5-68%) of 

impermeable seed with Acacia suaveolens (Sm.) Willd (sweet wattle) when 

seed was collected directly from the tree. When seed was collected shortly later 

from the soil surface, 100% impermeable seed was found. This occurs because 

seed impermeability takes place very late in the seed developmental process 

(Rolston, 1978; Baskin and Baskin, 1998). The aim in this study was to collect 

intact pods which were still on the plant, making it possible they were ripe 

(shown by high viability) but not fully impermeable. The second reason for the 

low amount of impermeable seed relates only to the major impact group. U. 

europaeus and D. lignosus had a low proportion of impermeable seeds and 

particularly in U. europaeus, also low initial viability. This may be explained by 

pre-dispersal predation by seed feeding insects or their larvae. Impermeable 

seed coats cannot form on ripening seeds after damage to the seed coat by 

predation, but seeds could still be viable if the embryo has not been destroyed. 

Alternatively, ripe and impermeable seeds could become permeable by 

scarification due to seed feeding activities. 

The no impact groups, woody and herbaceous, both had significantly lower 

initial seed impermeability than the other impact groups. In the no impact 

herbaceous group, the level of low seed dormancy is most probably the result of 

the long period of domestication these species have endured. For three woody 

species in the no impact group (C. siliqua, C. siliquastrum and S. japonicum), 

seeds ripen during or nearer to the growing season. In this case it would be 

advantageous to have seeds ready to germinate to take advantage of the 

favourable conditions. However, to commit all progeny to one germination 

event would be a high risk strategy and allows no temporal distribution of the 

seed bank. The lack of seed dormancy is a plausible contributing factor to the 

lack of weed and naturalisation success of both herbaceous and woody legumes. 

Initial seed dormancy could be an attribute fairly easily measured for weed risk 

assessment screening programs. Very fast breakdown of seed impermeability as 

seen in T. alexandrinum or D. rectum would also be just as much a high risk 

strategy in Mediterranean climates as low initial dormancy.
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Consequential impact legumes had significantly lower levels of impermeable 

seed than the inconsequential impact legumes. This may be translated into 

higher weed impact by having more seeds capable of germination and would 

give this species a competitive advantage should sufficient moisture be 

available. The amount of seed impermeable to water is still high enough not to 

have a large detrimental effect on the seed bank. It is possible that another 

germination prevention mechanism may also be protecting these species from 

commencing growth during the summer drought period. High temperature 

dormancy has been reported in T. angustifolium, where in the order of 50% of 

permeable seeds imbibed water but did not germinate at temperatures over 27ºC 

(Norman et al., 1998). When subsequently placed at 15ºC all seeds germinated 

successfully.

7.4.3.2 Change in impermeable seed 

The decline in seed dormancy in the woody major and moderate impact groups 

over the first five or six months after being placed in the field was rapid. A 

number of the major and moderate impact legumes had negligible impermeable 

seed at the start of the growing season following ripening. This would severely 

limit their ability to form a persistent seed bank. All impact groups had less than 

25% impermeable seed at the start of the second growing season. Low amounts 

of seed dormancy can be partially offset by high annual seed production. Using 

the results from section 7.3.1 as a guide, the major and moderate impact groups 

could still accumulate a sizable dormant seed bank, but not the no impact group.

The significant change in the proportion of impermeable seed from the initial 

sample to March 2004 suggests high temperature and/or large temperature 

fluctuations are breaking down seed coat impermeability. This has been 

observed in some Mediterranean legumes such as T. subterraneum and M. 

truncatula (Taylor, 1996). Generally, excessive softening over summer has been 

seen as disadvantageous, as it leaves the seed bank vulnerable to losses due to 

germination in false break events (Taylor, 2005). However, if suitable 

conditions arise in early autumn, it gives species that are ready to germinate a 

competitive advantage over those which soften with lower temperature 
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fluctuations, such as occur in autumn, and do not germinate until later. The 

lower, but still significant, decline in impermeability between March and May 

suggests that even if seedlings did not survive a false break event, there would 

still be seeds ready to germinate at the start of the true growing season. 

These results may not necessarily be indicative of what occurs in the field. This 

experiment was modelled on conventional methods for investigating seed 

softening (change in impermeable seed) in pasture legumes (e.g. Norman et al., 

2002; Taylor and Revell, 2002). Therefore, placing pods on the soil surface in 

those studies is applicable to the targeted environment. Whilst much seed 

accumulates on the soil surface in natural ecosystems, effects of canopy cover 

were not investigated. 

For the woody impact legumes studied here, the majority of seeds produced fall 

within the canopy (Hill et al., 1996; pers. obs.). Woody legumes are also 

capable of producing a large amount of litter which accumulates below the plant 

canopy (Egunjobi, 1971a; Lee et al., 1986; Witkowski, 1991; Marchante et al., 

2004). Lee et al. (1986) reported that litter under mature U. europaeus stands 

can reach a maximum depth of 75 mm. Seeds falling into and through the litter 

layer to the soil surface would be subjected to similar conditions as light burial. 

Burial has significant effects on seed impermeability. In T. subterraneum, burial 

reduced the rate at which seed impermeability declined (Taylor and Ewing, 

1988), but in O. compressus the rate increased (Revell et al., 1999). A more 

important factor would be the effect of the canopy on the microclimate of the 

soil surface and litter layer. Dense canopies of the type associated with U. 

europaeus (Lee et al., 1986), C. scoparius (Sheppard et al., 2002), A. longifolia

(Marchante et al., 2004) or A. saligna (Holmes and Cowling, 1997) result in 

reduced light interception by the soil surface. The effect of heavy shading can 

result in a significant reduction in the maximum temperature and temperature 

fluctuations at the soil surface. Daily maximum temperatures under a 

Mediterranean shrubby legume were found to be reduced by 7ºC (Moro et al., 

1997) and up to 20ºC under a semi-arid leguminous tree (Belsky et al., 1989). If 

high temperatures are promoting the breakdown of impermeable seed, then the 

requirements for the breakdown of physical seed dormancy (seed softening) are 
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less likely to occur under dense canopies. Quinlivan (1965) found significant 

increases in the amount of permeable seed at the end of summer in T. 

subterreaeum when surface litter was removed. He suggested this was due to an 

increase in soil surface temperature fluctuations. Dense canopies also intercept a 

significant amount of rainfall, severely reducing the amount of rain reaching the 

soil surface. Egunjobi (1971b) estimated that only 37% of rainfall penetrated 

through dense U. europaeus over 15 months of study. It would seem an 

unsuccessful strategy for woody legumes which form largely monospecific 

infestations to germinate within mature dense stands as survival may be low. 

Downey and Smith (2000) stated that the chance of a C. scoparius seedling 

growing to reproductive age in a mature stand was extremely low. The 

combination of reduced soil temperature fluctuations and reduced rainfall 

reaching the soil surface may partly explain why mass germination of these 

species are seen only after they are cleared (Lee et al., 1986; Smith, 1994). 

The level of impermeable seed of consequential and inconsequential impact 

herbaceous legumes declined more rapidly in the second summer/autumn 

period. Both groups still had a high proportion of impermeable seed at this time, 

suggesting an ability to build up large persistent seed banks. The results indicate 

that in both summers (January to March period) there was a greater decline in 

the level of impermeable seed in the consequential impact group. Conversely, 

the inconsequential impact group displayed a greater decline in the March-May 

period. In terms of weed impact, the reasons why the strategy used by the 

consequential impact group is more successful may relate to it having a larger 

proportion of permeable seed and hence seedlings earlier in the growing season. 

The level of impermeable seed and its subsequent breakdown is influenced both 

by genotype and the seed growing environment (maternal environment) (Taylor, 

2005). Taylor (1996) found significant interactions between both. This study did 

not address either of these factors and genotypes used in this study may behave 

differently in other years and differently to other genotypes (of the same 

species) grown at other sites.
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7.4.4 Juvenile period

For the woody legumes, the no impact group had a much longer juvenile period 

than the major and moderate impact groups. The longer an individual takes to 

produce progeny, the greater the risk that this will not occur due to the death of 

the individual. Long juvenile periods result in very slow population growth with 

a very small chance of forming a monospecific community. This may be 

especially true of isolated individuals. 

7.4.5 Dispersal mechanism

Due to the scarcity of data it is difficult to make conclusions about the 

importance of the dispersal mechanisms used by the impact groups of legumes. 

The most definitive result is that all the major impact legumes have short 

localised dispersal. Initially, it may appear that weed species with short, 

localised dispersal are disadvantaged as they can only expand their range 

slowly. However, localised dispersal does mean that dense infestations can be 

created where gaps can be quickly colonised. Another advantage of localised 

dispersal is that it increases the chance of propagules being spread into 

favourable habitats (Fenner and Kitajima, 1999). Species with long distance 

dispersal may be less likely or take longer to form dense infestations as their 

propagules are haphazardly dispersed and are dependent on various mutualisms. 

7.4.6 Evaluation of the unassessed species in relation to their 

reproductive traits

D. rectum had quite low seed production (Figure 7.2), even though its seed mass 

was significantly smaller than the impact groups (Table 7.3). Whilst “high” seed 

production has been observed in Tasmania, this may have been due to cooler 

conditions (Lane et al., 2004). Lane et al. (2004) have also described seed 

production in Western Australia as variable. D. rectum had higher levels of 

impermeable seed than the impact groups at ripening (Figure 7.4), but this 



Reproductive traits

172

quickly declined to negligible levels by the start of autumn (Figure 7.6). This 

would leave the entire seed crop vulnerable to false breaks, seemingly a high 

risk strategy given such small seed production.

G. triacanthos produced smaller amounts of seed than the major and moderate 

impact groups (Figure 7.2) and its seeds were larger than all of the impact 

groups (Table 7.3). Its seeds stayed very impermeable throughout the 

experiment (Figure 7.6) whilst the viability of those seeds declined. It is hard to 

extrapolate beyond the data but physical seed dormancy in G. triacanthos could 

exceed its viability, which would render it ineffectual. G. triacanthos is 

dispersed through the gut of larger mammals and this also results in scarification 

(Csurhes and Kriticos, 1994). It is not used as an agroforestry tree in southern

Australia and apart from feral deer, G. triacanthos appears to lack a mutualistic 

partner in southern Australia to aid in its dispersal and germination. 

R. raetam, whilst possessing larger seeds than the major and moderate impact 

groups (Table 7.3), was able to produce a similar amount of seed to these groups 

(Figure 7.2) and do so in much drier environments (Appendix 10). R. raetam

maintained higher levels of impermeable seed than other woody impact groups 

(Figure 7.6) which very likely results in persistent seed banks being produced. 

The majority of seed dispersal in R. raetam is most probably localised, in 

common with major and moderate impact legumes (Table 7.5), but hares (Lepus

sp.) are important disperses of seed in its native range (Izhaki and Ne'eman, 

1997). Hares have a rapid passage of food through the digestive tract (Kuijper et 

al., 2004) and this may result in quite heavy localised dispersal along with the 

potential for some greater spread.

A. pelecinus produced very large numbers of small seeds (Figure 7.3 and Table 

7.4) and also possessed extremely high levels of impermeable seed throughout 

the two dry seasons studied (Figure 7.7). Very similar results have been reported 

elsewhere for this species (Loi et al., 1999). It appears that A. pelecinus has the 

reproductive attributes to naturalise in temperate Australia.
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M. sulcatus also had large seed production and small seeds (Figure 7.3 and 

Table 7.4). The decline in the proportion of impermeable seed, in this species 

was slightly different to the impact groups. M. sulcatus appears to display 

breakdown in impermeable seed over both summer and autumn (Figure 7.7). A 

strategy such as this can take advantage of an early commencement to the 

growing season as well as providing some protection from germinating during a 

false break. 

T. glanduliferum produced a large amount of very small seeds (Figure 7.3 and 

Table 7.4) of which a large proportion would most likely pass unharmed 

through the digestive systems of animals (Thomson et al., 1990; Dear et al., 

2002). Drawing conclusions from the change in the proportion of impermeable 

seed in T. glanduliferum was very difficult as the level fluctuated inconsistently 

between sampling times (Figure 7.7). This was most likely due to the estimate 

of the original number of seeds placed in each pod lot not being accurate. Seeds 

are readily shed from the head in T. glanduliferum. This could have occurred to 

a number of heads during packaging, creating variation among samples. Results 

from Norman et al. (1998) suggest T. glanduliferum to have relatively high 

numbers of impermeable seed after the first summer/autumn period (>65%) and 

that it may also possess a high temperature dormancy mechanism. Loi et al. 

(2005a) suggest that the majority of seeds become impermeable during summer. 

7.5 Conclusions

The reproductive biology of a legume species appears to play an important role 

in shaping its ability to firstly naturalise and then to determine the level of 

impact it imparts once naturalised. 

The level and breakdown of the impermeable seed coat was seen as the most 

important reproductive trait in the herbaceous species under study. Higher 

impact consequential legumes had lower amounts of impermeable seed and an 

earlier breakdown pattern. This may result in a greater number of potential 

seeds ready to germinate earlier in the growing season, culminating in an early 
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competitive advantage. No impact legumes had very low levels of impermeable 

seed from ripening onwards providing little protection to the seed bank.

Seed production, seed mass, the level of impermeable seed and the juvenile 

period are all traits that are influential in determining whether a woody legume 

species will naturalise or not. No impact woody legumes were characterised by 

having lower seed production, heavier seed mass, lower levels of impermeable 

seed and a longer juvenile period.

Seed production and seed mass were also traits that could distinguish between 

major and moderate impact woody legumes. Major impact legumes had higher 

seed production and smaller seeds. A smaller seed mass may provide 

advantages through reduced post dispersal seed predation, allowing the plant to 

produce a greater number of seeds per area and perhaps, greater seedling 

specific root length. Seed mass is a relatively easy trait to measure and could be 

readily applied in a weed risk assessment framework.
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8 The establishment of exotic legumes in two 
temperate natural ecosystems

8.1 Introduction 

The particular attributes of an ecosystem are an important factor in determining 

how susceptible they are to invasion by exotic species (Burke and Grime, 1996). 

Most incursions by exotic species take place following some form of 

disturbance, generally brought about by human activity (Hobbs and Humphries, 

1995). Australian natural ecosystems have suffered severe disturbance and 

fragmentation since European occupation due mainly to vegetation clearing and 

livestock grazing (Paton et al., 2000; Hobbs, 2001).

The amount and type of disturbance is particularly important. Hobbs and Atkins 

(1988) found physical disturbance facilitated the establishment of exotic 

species, but that additional nutrients led to increased growth. Physical 

disturbance leads to increased establishment mainly because of an increase in 

the amount of safe sites. Safe sites are places where germination and 

establishment can take place in the absence of predation, competitors and 

pathogens (Harper, 1977).

The inherent biology of plant species must also dictate to some extent their 

ability to find suitable safe sites and then establish successfully. The ability of a 

plant to germinate and establish is an important factor in the composition of

vegetation communities (Grubb, 1977). Not only does it determine a successful 

foundation in a new area, but it is also important in sustaining and further 

expanding the population. 

In Chapter 4, it was found that disturbance had an influence on the occurance of 

the different impact groups. Major impact legumes were able to create large 

infestations with high canopy cover in areas with little disturbance. Moderate 

impact legumes were predominately observed in areas of higher disturbance 
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with little spread into areas of lower disturbance. In communities with 

overstorey vegetation, herbaceous legumes were confined to forest margins.

Differences in seedling growth between the impact groups were observed in 

Chapter 5. Major and moderate impact woody legumes were found to have a 

greater specific root length, which may enhance the success of seedling 

establishment. In an experiment designed to test their ability to survive summer 

conditions, both of these two groups had greater survival than the no impact 

group. Consequential impact herbaceous legumes had a lower specific leaf area 

than other impact groups, which may result in greater seedling vigour and 

survival through reduced herbivory. Even small amounts of defoliation can have 

detrimental effects on a seedling (Fenner and Thompson, 2005). Seed mass was 

also a trait that distinguished woody legume groups of differing impact (see 

Chapter 7). Seed mass has important implications for both germination and 

establishment and Westoby et al. (2002) considers it to be an important 

component in explaining plant ecological strategies.

The aim of the work presented in this Chapter was to investigate the ability of 

legumes with differing impact levels to germinate and establish in temperate 

natural ecosystems with and without physical disturbance. Investigating the 

ability of legume species to establish and survive in actual natural ecosystems 

allows for important interactions with the environment to be included. Aspects 

such as the presence of herbivores and competition from established vegetation, 

as well as climatic and edaphic factors are critical in the success of wild plants. 

It also provided a measure of confirmation that the conclusions reached from 

individual trait studies were applicable in a realistic environment.

8.2 Methods

8.2.1 Species 

In 2003, a subset of the test species list (see Chapter 3, Section 3.4.4), as well as 

the three unassessed woody and three unassessed herbaceous species were used 
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for the experiment (Appendix 21 and Appendix 22). In this subset, T. 

subterraneum was substituted for V. sativa and P. sativum was substituted for L. 

odoratus. These choices were based on their impact levels as well as similar 

seed masses. In 2004, the full test species list was used as well as the three 

unassessed woody and three unassessed herbaceous species. Different ecotypes 

of each species were mixed together and their origins are detailed in Appendix 

23 and Appendix 24. The proportions of ecotypes used in the mixtures were 

determined by the availability of seed.

8.2.2 Sites and experimental treatments

A field experiment was established at Mt Crawford (34º44’ S, 138º59’ E; 

elevation 447 m) in 2003 and 2004 and at Kuitpo (35º13’ S, 138º42’ E; 

elevation 356 m) in 2004. Both locations were on land managed by the public 

forestry authority, Forestry SA. The site at Mt Crawford was located on what 

was a failed pine plantation but which had reverted back to native vegetation 

with very few pines and other alien species. The vegetation present was a 

sclerophyll low woodland. The predominant overstorey species present were 

Eucalyptus gracilis F.Muell. (yorrell) and A. pycnantha. The major 

groundstorey species that were present included Hibbertia sericea (R.Br. ex 

DC.) Benth. (silky guinea flower), H. exutiacies N.A.Wakef. (prickly guinea 

flower), Astroloma conostephioides (Sond.) F.Muell. ex Benth. (flame heath), 

Drosera whittakeri Planch. (scented sundew), Spyridium parvifolium (Hook.) 

F.Muell. (dusty miller) and Lepidosperma Labill. sp. Kangaroos and feral deer 

were known to frequent the experimental area on a regular basis. The soil at Mt 

Crawford was a shallow grey sandy loam over clay with a pH of 6.

The site at Kuitpo was previously planted to pines but was burnt during the Ash 

Wednesday fires of 1983 and had regenerated to natural vegetation. The 

surrounding area is naturally covered by stringybark forest, but the experimental 

site was located in a relatively open area. The two main overstorey species were 

Eucalyptus obliqua L'Hér. (messmate stringybark) and A. pycnantha. 

Platylobium obtusangulum Hook. (holly flat pea) and Lepidosperma sp. 
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dominated the groundstorey stratum. Kangaroos were common throughout the 

area. The site had a brown loam soil with a pH of 5.5-6.0.

At each site for each species, plots of 100 cm by 50 cm were established in four 

randomised blocks. Plots were then divided into two subplots of 50 cm by 50 

cm. Plots were located in between established shrubs or sedges. Blocks were 

grouped on the similarity of existing vegetation, the amount of litter and the 

amount of overstorey competition. In each plot, one subplot was randomly 

selected and the soil was disturbed lightly using a spade to a depth of 

approximately 2 cm to break the soil surface. In the other subplot, no 

disturbance was applied. Species were allocated randomly to whole plots. In 

2003, 40 seeds were broadcast into each subplot. Due to very low numbers of 

establishment of the woody species in 2003, 50 seeds of the herbaceous species 

and 75 seeds of the woody species were broadcast into each subplot in 2004. All 

seeds had been previously scarified. In 2003, the Australian native species (A. 

baileyana, A. cultriformis and P. lophantha) were scarified using boiling water 

and all other species using sandpaper. In 2004, all species were scarified using 

sandpaper. C. siliquastrum had been stored at 7-9ºC for a minimum of four 

months in 2003 and over eight months in 2004. Seeds were not inoculated with 

rhizobia and plots were not fertilised. The sites were not fenced. Plants were 

counted every 4 weeks during the experiments. Flowering was recorded and 

where seed set occurred, green pods were removed from the plants and the 

number of green seeds counted.

In 2003, the experiment ran from 13 June 2003 until 23 March 2004. In 2004, 

seed was broadcast at Mt Crawford on 13 May and at Kuitpo on 17 May. The 

last plant count was taken on 20 November 2005.

8.2.3 Climatic conditions

Climatic conditions for the three experiments are shown in Figure 8.1, Figure 

8.2 and Figure 8.3.
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8.2.3.3 Kuitpo
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Figure 8.3: Climatic conditions at Kuitpo during the experiment commencing in 

2004. Observed (solid columns) and mean (open columns) monthly rainfall 

totals are shown along with the observed mean monthly maximum (●) and 

minimum (○) temperatures. 

8.2.4 Statistical analysis

The difference in the number of plants observed was tested using a split-plot 

ANOVA with time (seven levels for the Mt Crawford 2003 experiment, 16 

levels for the 2004 experiments), disturbance and species as factors. Woody and 

herbaceous species were analysed together. Contrasts were used to determine 

the differences between impact groups and between impact groups and 

unassessed species. All data were square root transformed prior to analysis.
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8.3 Results

8.3.1 Plant establishment

8.3.1.1 Mt Crawford 2003

In the woody species comparisons, the major and moderate impact groups had a 

significantly larger number of plants establish over the experimental period 

compared to the no impact group (Figure 8.4). There was no significant 

difference between these major and moderate impact groups. Disturbance had 

the effect of increasing the number of plants that were able to emerge. Both the 

major and moderate impact groups responded in a similar manner to disturbance 

(Table 8.1).
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Table 8.1: Significance of comparisons between woody impact groups at Mt 

Crawford for the experiment commencing in 2003. The effect of disturbance 

and time is treated on plant numbers. 

Comparison Plant numbers

Major vs. moderate n.s.

Major vs. no **

Moderate vs. no *

Major vs. moderate. disturbance n.s.

Major vs. no. disturbance *

Moderate vs. no. disturbance *

Major vs. moderate. time *

Major vs. no. time **

Moderate vs. no. time **

Major vs. moderate. disturbance. time n.s.

Major vs. no. disturbance. time *

Moderate vs. no. disturbance. time *

n.s = not significant; * P<.05; ** P≤.001

For the herbaceous species, the consequential impact group had a significantly 

greater number of plants establish than the other impact groups. There was no 

significant difference between the inconsequential and no impact groups (Table 

8.2). All herbaceous impact groups responded positively to disturbance. Plant 

numbers for the herbaceous species reached a peak much earlier than for the 

woody species (August vs. late September), before remaining steady until late 

spring, after which there was a rapid decline. The consequential impact group 

had a much less rapid decline and still had a significantly greater number of 

plants remaining in December than the other two impact groups (Figure 8.5).
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Table 8.2: Significance of comparisons between herbaceous impact groups at 

Mt Crawford for the experiment commencing in 2003. The effect of disturbance 

and time is treated on plant numbers.

Comparison Plant numbers

Consequential vs. inconsequential **

Consequential vs. no **

Inconsequential vs. no n.s.

Consequential vs. inconsequential. disturbance n.s.

Consequential vs. no. disturbance n.s.

Inconsequential vs. no. disturbance n.s.

Consequential vs. inconsequential. time **

Consequential vs. no. time **

Inconsequential vs. no. time n.s.

Consequential vs. inconsequential. disturbance. time **

Consequential vs. no. disturbance. time n.s.

Inconsequential vs. no. disturbance. time n.s.

n.s = not significant; * P<.05; ** P≤.001

Six of the annual species produced flowers, but only five species were able to 

produce green seeds. Of these, M. polymorpha (disturbed treatment) was the 

only species to produce seed of any quantity, with a mean production of 20 

seeds/subplot.
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groups responded differently to the disturbance treatment. The major impact 

group had a lower number of plants in the disturbed treatment, whereas the 

moderate impact group had a higher number of plants in the undisturbed 

treatment. These responses reduced the difference between the major and 

moderate impact groups in the disturbed treatment.

Table 8.3: Significance of comparisons between woody impact groups at Mt 

Crawford for the experiment commencing in 2004. The effect of disturbance 

and time is treated on plant numbers.

Comparison Plant numbers

Major vs. moderate **

Major vs. no **

Moderate vs. no **

Major vs. moderate. disturbance *

Major vs. no. disturbance *

Moderate vs. no. disturbance n.s.

Major vs. moderate. time **

Major vs. no. time **

Moderate vs. no. time **

Major vs. moderate. disturbance. time n.s.

Major vs. no. disturbance. time n.s.

Moderate vs. no. disturbance. time n.s.

n.s = not significant; * P<.05; ** P≤.001

For the herbaceous species, the inconsequential impact group were able to 

establish significantly more plants than the no and consequential impact groups 

(Figure 8.7). Disturbance did not affect the comparisons between impact groups 

(Table 8.4). However, the consequential impact group suffered a significant 

decline in plant numbers shortly after emergence through predation, presumably 

mammalian. Plant numbers of the other groups peaked quickly, remained steady 

during the growing season and then declined following senescence. 
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Table 8.4: Significance of comparisons between herbaceous impact groups at 

Mt Crawford for the experiment commencing in 2004. The effect of disturbance 

and time is treated on plant numbers.

Comparison Plant numbers

Consequential vs. inconsequential **

Consequential vs. no *

Inconsequential vs. no **

Consequential vs. inconsequential. disturbance *

Consequential vs. no. disturbance n.s.

Inconsequential vs. no. disturbance n.s.

Consequential vs. inconsequential. time **

Consequential vs. no. time **

Inconsequential vs. no. time **

Consequential vs. inconsequential. disturbance. time n.s.

Consequential vs. no. disturbance. time n.s.

Inconsequential vs. no. disturbance. time n.s.

n.s = not significant; * P<.05; ** P≤.001

Five herbaceous species were able to flower during the experiment. Three 

annual species were able to produce green seed; however, the highest amount 

averaged only one seed per subplot. There was no relationship between seed 

production in the experiment and impact group.
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Figure 8.6: The mean number of plants per subplot for each of the woody (a) 

impact groups and (b) unassessed species at Mt Crawford, for the experiment 

commencing in May 2004 with the last count in November 2005.
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Figure 8.7: The mean number of plants per subplot for each of the herbaceous 

(a) impact groups and (b) unassessed species at Mt Crawford, for the 

experiment commencing in May 2004 with the last count in February 2005. 

8.3.1.3 Kuitpo

At Kuitpo there were significant differences between all three woody impact 

groups in their ability to establish (Table 8.5). The major impact group had the 

greatest number of plants, followed by the moderate impact group. The 

difference between the major and moderate impact groups was reduced under 
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disturbance, as disturbance had little influence on the establishment of the major 

impact group (Figure 8.8). 

Table 8.5: Significance of comparisons between woody impact groups at 

Kuitpo. The effect of disturbance and time is treated on plant numbers.

Comparison Plant numbers

Major vs. moderate **

Major vs. no **

Moderate vs. no **

Major vs. moderate. disturbance **

Major vs. no. disturbance n.s.

Moderate vs. no. disturbance **

Major vs. moderate. time **

Major vs. no. time **

Moderate vs. no. time **

Major vs. moderate. disturbance. time n.s.

Major vs. no. disturbance. time n.s.

Moderate vs. no. disturbance. time n.s.

n.s = not significant; * P<.05; ** P≤.001

There were also significant differences between all herbaceous impact groups at 

Kuitpo (Table 8.6). The consequential impact group had the highest number of 

plants, followed by the inconsequential impact group. Disturbance did not affect 

these comparisons. Plants of the consequential impact group were able to 

remain alive significantly longer than the other two groups (Figure 8.9).
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Table 8.6: Significance of comparisons between herbaceous impact groups at 

Kuitpo. The effect of disturbance and time is treated on plant numbers.

Comparison Plant numbers

Consequential vs. inconsequential **

Consequential vs. no **

Inconsequential vs. no **

Consequential vs. inconsequential. disturbance n.s.

Consequential vs. no. disturbance n.s.

Inconsequential vs. no. disturbance n.s.

Consequential vs. inconsequential. time **

Consequential vs. no. time **

Inconsequential vs. no. time **

Consequential vs. inconsequential. disturbance. time n.s.

Consequential vs. no. disturbance. time n.s.

Inconsequential vs. no. disturbance. time n.s.

n.s = not significant; * P<.05; ** P≤.001

Only three species were observed to have flowered. Only one of these species, 

L. cosentinii was able to produce green seed, but in very limited quantity. 
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Figure 8.8: The mean number of plants per subplot for each of the woody (a) 

impact groups and (b) unassessed species at Kuitpo, for the experiment 

commencing in May 2004 with the last count in November 2005.
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Figure 8.9: The mean number of plants per subplot for each of the herbaceous 

(a) impact groups and (b) unassessed species at Kutipo for the experiment 

commencing in May 2004 with the last count in February 2005. 
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Plate 8.1: A section of the field site at Mt Crawford. White pegs indicate 

location of plots.

Plate 8.2: S. japonicum seeds being consumed by millipedes at Kuitpo.
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8.4 Discussion

8.4.1 Plant establishment

When averaged over time and disturbance treatments, the major impact group 

had the largest number of plants establishing and the no impact group the 

smallest in two of the three experiments. In the other experiment, extremely low 

plant numbers caused by a small initial population and late sowing may have 

contributed to the lack of difference between the major and moderate impact 

groups. It appears that the increased number of plants able to establish in natural 

ecosystems could define the major impact group. This may be a major factor in 

the impact of these species. Studies of the adult canopy dimensions of these 

legumes (Chapter 5) found that the plants of the major impact group were 

shorter and thinner than the other impact groups. To achieve the high canopy 

cover they possess in natural ecosystems (Chapter 4), they must occur at high 

density.

Most seeds sown in all treatments failed to establish as plants. Far fewer 

established and then died as seedlings. This suggests the differences in 

establishment must lie in the germination and early seedling stage. The only 

decline in plant numbers was seen over late spring and summer and can be 

attributed to a combination of high temperature and moisture stress. 

In terms of the major impact group, the reasons why more plants were able to 

emerge and survive is most likely linked to their smaller seed mass. Firstly, 

smaller seeds are more likely to find safe sites away from predators and where 

microclimatic conditions (particularly in regard to moisture) are more 

favourable (Kikuzawa and Koyama, 1999). Small seeds are more likely to have 

better contact with the soil leading to enhanced imbibition of moisture (Fenner 

and Thompson, 2005), particularly as they are more likely to be buried. Buried 

seeds also experience less evaporation. Smaller seeds also have a lower absolute 

water requirement for imbibition (Fenner and Thompson, 2005). Wilson and 

Witkowski (1998) working with four leguminous tree species, found that their 

imbibition rates were inversely related to seed size. Faster imbibition may result 
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in faster germination and transition to the seedling stage. Hou et al. (1999)

found that faster germinating seeds of the shrub Krascheninnikovia lanata

(Pursh) A. Meeuse & A. Smit (winterfat) were more tolerant of desiccation. In 

the experiments described here, it appeared that the seedling or plant stage was 

much safer than the seed and germination stage, so a quick transition into a 

plant may be vital in establishment success.

Plant numbers rose steadily in the woody species throughout the first growing 

season until late spring when moisture availability began to decline. This 

suggests that this group, and particularly the major impact group, had a 

staggered germination. Seeds were able to escape predation for quite long 

periods and emerge two or three months after sowing. The ability of a seed to 

find a safe site away from predation may be a more important factor in 

establishment success than quick imbibition. 

The preference of seed as a source of food is dependant on the requirements of 

the predator. Hulme (1998) found rodents selected more larger than smaller 

seeds. Burial significantly reduced the amount of seed taken by rodent 

predators. If small seeds are more likely to be buried, then they are less likely to 

be encountered by larger predators. It appears that this is most likely applicable 

to the herbivores encountered at the experimental sites. The larger seeded 

species, S. japonicum and C. siliqua were observed to be consumed, the former 

by millipedes (Plate 8.2). 

In Chapter 5, it was found that seed mass was strongly inversely correlated to 

seedling specific root length. A higher specific root length may help in 

accessing nutrients, particularly in low nutrient environments. As competition 

from established vegetation and other seedlings would have been high, effective 

foraging and capture strategies of resources would have been essential.

Focusing on the herbaceous impact groups, the consequential impact group had 

the highest number of plants able to establish in two of the three experiments. It 

is harder to attribute this success to seed size as both large and small seeded 

species reside in this impact group. At Mt Crawford in 2004, seedlings of the 
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two larger seeded species in the consequential impact group were subject to 

damaging predation, most probably by large herbivores such as deer or 

kangaroos. In herbaceous legumes, other important factors such as their root 

penetration ability may be of more importance. The trend of the highest impact 

group establishing the most plants is not as clear as for the woody species. At 

Kuitpo the greater number of consequential impact legumes were due to their 

increased longevity, giving them greater plant numbers over later counts. 

During early establishment, there was very little difference between the impact 

groups.

The consequential impact group was able to survive much longer than the other 

impact groups. Herbaceous legumes of the types found in the inconsequential 

impact group often devote a large proportion of their resources to seed 

production (Smith et al., 1998). Flowering and setting seed early is a low risk 

strategy that maximises the chance of successful seed production. On the other 

hand, consequential impact legumes may devote more resources into vegetative

growth. Results from Chapter 5 showed consequential impact legumes have a 

larger maximum height than their inconsequential impact counterparts. 

Possessing a longer growing season also allows these species to take advantage 

of late moisture, perhaps using it to create more mass, height or progeny. 

However, where a harsh finish to the growing season occurs, setting seed later 

becomes a liability.

8.4.2 Effect of disturbance

Physical disturbance of the soil generally resulted in a greater number of 

established plants in these experiments. Not only does physical disturbance 

increase the amount of safe sites that seeds can find, it also makes it easier for 

the radicle to penetrate the soil surface (Dowling et al., 1971). The soil surface 

was particularly compacted at the sites at Mt Crawford and Kuitpo. A number of 

germinating seeds were observed with long radicles running parallel with the 

soil surface, presumably as they could not penetrate the hard surface crust. 

Seedlings in this situation are particularly susceptible to desiccation as well as 



Field establishment

198

displacement. Mortality due to ineffective soil penetration has been reported to 

be quite prevalent in surface sown legumes (Dowling et al., 1971; Campbell and 

Swain, 1973). The major impact legumes might have a superior root strength 

whereby they can better penetrate the soil surface. This does not appear to be 

related to a large radicle width. It is worthy to note that major impact legumes 

were often observed in sites with low levels of disturbance in Chapter 4, in 

comparison to species in other impact groups.

8.4.3 Nutrition

Australian natural ecosystems are generally low in fertility (Beadle, 1962; 

Prober et al., 2002a) and it appeared the experimental sites were indicative of 

this. The exotic legumes were extremely small, had low levels of growth and 

were generally pale in colour. Even the herbaceous species that established in 

high numbers could only produce a few flowers and even less seeds. The pale 

leaf colour of the legume species suggested that nitrogen deficiency was an 

issue, probably due to not being able to find a suitable symbiotic partner. There 

were a number of indigenous legume species at both sites and from that it would 

be assumed various indigenous rhizobia were present. Legumes and rhizobia do 

differ in their promiscuity in terms of symbiotic partners (Parker, 2001). 

However, Australian rhizobia have been described as being promiscuous in their 

legume partner requirements (Perez-Fernandez and Lamont, 2003). A lack of 

phosphorus also affects both the nodule number and weight and in turn net 

nitrogen fixation (Andrew and Johnansen, 1976; Robson et al., 1981). A lack of 

compatibility between symbiotic partners and/or poor general fertility may have 

hampered nitrogen fixation in these experiments.

Whilst physical disturbance of the soil did enhance the establishment of 

legumes in this study, it did not appear to enhance plant growth. These plants 

did not take full advantage of the improved conditions for establishment due to 

low fertility. The fact that a higher number of legumes from the major impact 

group were able to survive the experimental period does not guarantee that they 

will reach reproductive age, or guarantee reproductive success. However, the 
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fact that major impact legumes were able to survive in this low fertility situation 

gives them a higher chance of responding to nutrients if nutrients do arrive.

Leishman and Thompson (2005) found evidence that exotic invasive species 

had significantly better survival and growth with the addition of nutrients, both 

in the glasshouse and field. Hobbs and Atkins (1988) also found better 

establishment and growth of introduced species with the addition of nutrients. It 

is highly probable that the legume species in this study would have benefited 

greatly from the addition of nutrients and that poor nutrition was a major 

impedient to their growth. The importance of not allowing the unnatural 

addition of nutrients into natural ecosystems is paramount. The dumping of 

waste as well as stormwater runoff can both potentially carry significantly 

higher amounts of nutrients into natural ecosystems. This would greatly increase 

the likelihood of establishment and success of exotic plants. For example, King 

and Buckney (2001) found seeds of exotic species in the seed bank of a number 

of urban bushland sites but mature plants were not found in the surrounding 

vegetation. They concluded that suitable growing conditions were restricting 

exotic species, not propagule availability. 

8.4.4 The ability of the unassessed species to establish in two natural 

ecosystems

The unassessed woody species had varying responses during the experiments. 

D. rectum was able to establish in adequate numbers in the field shortly after 

sowing (Figure 8.4, Figure 8.6 and Figure 8.8). It has a very small seed size that 

may have facilitated establishment, by allowing it to escape predation and be 

buried by soil and litter. High mortality after the onset of spring (Figure 8.4, 

Figure 8.6 and Figure 8.8) highlighted this species’ susceptibility to drought 

conditions. Results from the raised bed experiment in Chapter 6 as well as work 

by Bell et al. (2005) showed that D. rectum has a poor ability to withstand 

summer in temperate Australia. 
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In each of the three experiments, G. triacanthos was only able to establish a few 

plants that survived for a short period (Figure 8.4, Figure 8.6 and Figure 8.8). G. 

triacanthos was not different compared to the no impact group (Appendix 25, 

Appendix 27 and Appendix 29). G. triacanthos was notably slow to germinate.

Its lack of adaptation to cold and wet conditions found in temperate Australia 

during winter appears a major limitation to the ability of G. triacanthos to 

establish in this environment (see 6.4.4). 

R. raetam was successful in being able to establish in the natural ecosystems 

studied. At Mt Crawford in 2003 (Figure 8.4) and Kuitpo 2004 (Figure 8.8), R. 

raetam established more plants than the three impact groups. This is important 

as R. raetam is a relatively large seeded species compared with the major impact 

group. R. raetam seeds may escape predation through exuding chemicals 

repulsive to potential predators. For example, the seeds of the legume, 

Cercidium floridum A.Gray (blue palo verde) were found to be resistant to a 

number of predators due to chemical defence (Siemens et al., 1992). Hendry et 

al. (1994) found that seed persistence in the soil was correlated with the 

compound ortho-dihydroxyphenol. The establishment of R. raetam was 

significantly enhanced by disturbance. The seedlings of R. raetam were often 

observed lying on the soil surface with long radicles that were unable to 

penetrate into the soil surface, suggesting superior root penetration was not a 

reason for its success. 

The establishment of the three unassessed herbaceous species varied across 

sites. However, the unassessed herbaceous species generally had lower numbers 

of individuals establishing than the consequential and inconsequential 

herbaceous impact groups (Figure 8.5, Figure 8.7 and Figure 8.9). All 

unassessed herbaceous species benefited from disturbance, resulting in greater 

establishment. They followed the same growth pattern as the inconsequential 

impact group of senescing quickly from September onwards.
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8.4.5 The use of field screening as a weed risk assessment tool 

The results from these experiments were correlated with the initial grouping of 

species into impact classes. The higher impact legumes generally had higher 

numbers of plants that were able to establish and survive in the field. It appears 

that this is a realistic indication of legume weed impact. Mack (1996) stated that 

this type of approach is the most powerful in the predicting of plant invaders. 

However, there are problems with this approach as a real weed risk assessment 

system. The risk of propagules escaping and becoming weeds, is far too great. 

Results may also be different in different locations due to local environmental or 

soil variation. Experiments would need to be conducted over a number of sites 

and years (Parker and Kareiva, 1996), requiring considerable resources. A 

simulated environment could be created but it may still lack the very factors that 

make natural environments unique and are crucial in weed success. The 

difference between the results from the raised soil bed experiment in Chapter 6 

and those here highlights the importance of the growing environment. Field 

experiments of the kind presented here still have value in increasing our 

knowledge of exotic plants, but are not options for weed risk assessment 

programs.

8.5 Conclusions

The highest impact woody legume group was able to establish a greater number 

of plants in the natural ecosystems studied than the lower impact groups. This is 

likely to be due to their smaller seed size. Their smaller seed size permits them 

to find more safe sites that allow them to escape predation. They may also 

possess higher imbibition rates and become seedlings faster. A higher specific 

root length may also give seedlings a greater ability to forage and capture soil 

resources.

The act of physical disturbance enhanced the number of plants able to establish. 

However, the major impact woody group were just as successful establishing 
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without disturbance. This may be due to a greater root penetration strength 

allowing quicker anchorage and availability of soil resources. It could also be 

due again to small seed size, allowing the seeds to be able to lodge in safe sites 

even without the soil surface being broken.

The highest impact herbaceous legume group was also able to establish in

greater numbers than lower impact groups. The reasons for this are unclear, but 

do not appear to be the same as for the woody species. However, their greater 

plant numbers were not evident in each experiment. Consequential impact 

legumes were able to survive later into the growing season than lower impact 

herbaceous legumes. This may reflect their greater emphasis on vegetative 

growth leading to greater canopy cover and thus impact. 

Nutrient availability was a major impedient to the growth of legumes in these 

studies. Healthy natural ecosystems appear fairly resilient to invasion by exotic 

plants unless unnatural disturbance occurs. A combination of physical 

disturbance and the addition of nutrients would be particularly hazardous to the 

ecosystem and make it much more vulnerable to exotic plant establishment.

The results from these experiments were correlated with the perceived impact of 

the legume species under examination. It would appear that the germination and 

establishment phase is critical in the success of legume weeds and their impact. 

Field screening methods of this kind may appear a successful weed determinant 

technique, but potential propagule escape makes it a great risk. Weed risk 

assessment systems based on biological, stochastic and pragmatic information 

appear a more promising approach to proactive weed management.
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9 General discussion 

The ability of exotic legumes to escape from cultivation and naturalise has made 

them a common component of the flora of temperate Australia. Herbaceous 

legumes have been the most successful at achieving this, including being able to 

establish in natural ecosystems. However, the negative impact of herbaceous 

legumes in these areas is generally regarded as insignificant, probably due to 

their low percentage cover. On the other hand, woody perennial legumes are 

considered to have the greatest impact, but there are still differences in the level 

of impact within this group. 

Naturalised woody legumes appear to possess a greater seedling specific root 

length and a smaller maximum height and width as an adult. They are also able 

to produce more seeds of smaller mass that have greater initial dormancy than 

non-naturalised woody legume species. Additionally, their time to first 

reproduction is significantly shorter. Naturalised woody legumes with a major 

impact in natural ecosystems have a smaller seed mass than naturalised legumes 

of moderate impact.

Naturalised herbaceous legumes have greater seed production and seed 

dormancy than non-naturalised species. The difference in impact between 

naturalised herbaceous legumes is smaller than within woody legumes. Higher 

impact herbaceous legumes have a lower seedling specific leaf area and higher 

maximum height than lower impact herbaceous legumes.

This study has provided an important contribution to understanding the 

biological attributes required by legumes in temperate Australia to naturalise 

and have major negative impacts on natural ecosystems. Adequate seed 

production is a crucial attribute for a legume species to possess if it is to 

naturalise in temperate Australia, as in the absence of vegetative reproduction, it 

is the only means of escape and subsequent spread. With the proportion of seeds 

making the successful transition to an adult plant extremely low (Harper, 1977), 
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a high number of propagules is vital if naturalisation is to occur. Once the seed 

has dispersed from the parent plant, it must then find a safe site to germinate and 

establish. It appears smaller seeds are more likely to find safe sites by being 

buried or covered by litter or other plants (Bekker et al., 1998; Kikuzawa and 

Koyama, 1999). The Mediterranean climate of much of temperate Australia is 

characterised by infrequent germination inducing rainfall during hot dry 

summers and requires plants to have a mechanism to survive this. Seed 

dormancy is the most successful of these mechanisms and is important whether 

the legume species be annual or perennial, woody or herbaceous. Legumes that 

have successfully naturalised in temperate Australia have shorter juvenile 

periods enabling the plant to reproduce early, which results in the rapid 

formation of self-sustaining populations. 

The degree of impact of naturalised temperate legumes appears to be related to 

size. This is the most likely explanation for the difference in impact between 

woody and herbaceous species (Chapter 3). Herbaceous species are too small to 

occupy significant areas of invaded communities. Even within the herbaceous 

species, higher impact species were taller (Chapter 4). However, impact is not 

linearly related to size. Very large woody species do not impart high impacts, 

perhaps reflecting that the extra resources needed for investment in support 

structures are inefficient given available resources or are more effective when 

used for reproductive output. A short, thin stature, suited to growing in high 

density thickets, appears a characteristic of high impact legumes in temperate 

Australia (Chapter 5).

As a result, impact is also related to the number of plants able to establish in 

invaded communities. The fact that the smallest seed size was associated with 

major impact legumes suggests that a higher number of propagules reaching 

adulthood is also an important factor (Chapter 7). Plants with a small seed mass, 

produce more seed and that seed is more likely to find a larger number of safe 

sites for germination and establishment. Most of the seeds of the major impact 

legumes are dispersed close to the plant, helping create high density 

populations. Collectively, the high number of plants results in high cover that 
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most likely leads to strong competition with other species for light, water and 

nutrients. 

Predicting weediness (i.e. invasiveness or impact) has been a goal of 

considerable research (e.g. Rejmanek and Richardson, 1996; Reichard and 

Hamilton, 1997; Goodwin et al., 1999; Smith and Knapp, 2001; Lake and 

Leishman, 2004; Sutherland, 2004; McIntyre et al., 2005), but has met with 

varying success. This study set out to discover information on legume biology 

that would have application in weed risk assessment systems. An examination 

of the questions in the Biosecurity Australia Weed Risk Assessment (BAWRA), 

shows that several are important in determining weediness in temperate 

legumes. The questions in Table 9.1 were all found to be significant in this 

study in categorising naturalised from non-naturalised legumes:

Table 9.1: Questions in the BAWRA that were found to be important in 

determining naturalisation

Question in the BAWRA Related Chapter in thesis

4.10 Grows on infertile soils Chapter 8

6.07 Minimum generative time Chapter 7

8.01 Prolific seed production Chapter 7

8.02 Evidence that a persistent propagule bank is 

formed >1 year

Chapter 7

However, only questions 4.12 (Forms dense thickets) and 5.03 (N-fixing woody 

plant) appear to be related to distinguishing impact levels. The other important 

traits found in this study – seed mass (Chapter 7) and maximum height (Chapter 

5) – are quite easily obtainable and have great potential to be incorporated into 

the BAWRA and/or other weed risk assessment systems. A need for greater 

emphasis on impact and not only naturalisation and spread in the BAWRA has 

been noted previously (Bennett and Virtue, 2004). A recommendation to 

improve the BAWRA suggests categorising the likelihood and consequence of a 

new plant species becoming a weed (Anon., 2005). Understanding which 
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questions relate to which component of risk is an essential step in achieving 

this.

The results from this study would have most benefit complementing an existing 

weed risk screening system, as they do not consider important aspects of weed 

ecology such as climatic suitability and weed history elsewhere (Rejmanek, 

2000). An example of how these results could be applied is in the development 

of protocols for tier three of the Australian plant importation process (species 

which fall into the further evaluate category of the BAWRA). At this tier it may 

be possible to have a separate protocol for screening legume species. Protocols 

for tier three are urgently needed. Currently, species that are deemed in need of 

further evaluation are by default prohibited imports as no protocols for further 

evaluation are in place (Bennett and Virtue, 2004). Smith (1999) found that 85% 

of legume species fell into the further evaluate category and therefore, the 

development of methods to manage these should be a priority.

An example of a method in which the results from this study may be applied to 

weed risk screening techniques such as tier three, is a decision tree framework. 

The resultant weed risk of a species can be obtained by answering questions for 

candidate species and following the outcomes along the relevant branches. 

Daehler et al. (2004) tested a decision tree for further evaluate species on a 

modified BAWRA for Hawaii. A decision tree for legume species based on the 

results from the previous research Chapters is shown in Figure 9.1. The traits 

that lead to the highest number of correct classifications of the test species relate 

to growth form, juvenile period, seed dormancy, maximum height and seed 

mass. 
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Figure 9.1: An example decision tree to assess the weed risk of temperate 

legume species

Moderate impact 
weed risk

Major impact weed 
risk

Moderate impact 
weed risk

Insignificant impact 
weed risk

Is the seed mass less 
than 10 mg?

Is the maximum height 
over 1m?

Moderate impact 
weed risk

NoYes

Is the species woody or 
herbaceous?

Does it have a juvenile 
period less than 4 years?

Does it possess >50% dormant 
seed at the end of summer?

Low naturalisation 
risk

Low naturalisation 
risk

No No

No

No

Yes

Yes

Yes

Yes

Herbaceous Woody

Yes No

Does it possess >30% seed 
dormancy at maturity?

Is it capable of vegetative 
reproduction?
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Whilst the decision tree is not perfectly accurate in determining the risk of the 

test species (Table 9.2) it conveys a method of assessing a species’ 

naturalisation and weed impact risk as opposed to being the method per se. 

Eleven other legume species of known impact were also assessed through the 

decision tree (Table 9.3). The decision tree proved to be generally conservative 

with these species, predicting a number of non-weeds as weeds (false positives). 

These inaccuracies highlight further areas that need to be addressed in 

improving the prediction of impact.

One question not explored in this study has been placed in the decision tree: 

Does the species possess vegetative reproduction? This was also included in the 

decision tree developed by Reichard and Hamilton (1997). Even though 

vegetative reproduction was not considered in this study, it may be particularly 

important to legume species such as Alhagi maurorum Medik. (camelthorn), G. 

triacanthos and R. pseudoacacia. Seed reproduction is of lesser importance if a 

species can reproduce vegetatively. Vegetative reproduction is considered a 

weedy trait as it allows isolated plants to spread, enables dense infestations and 

makes control more difficult (Reichard, 2001).
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Table 9.2: The weed risk of the test species using the decision tree

Species Impact status Outcome with decision tree

Woody

G. monspessulana Major impact Major impact weed risk

C. scoparius Major impact Major impact weed risk

U. europaeus Major impact Major impact weed risk

A. longifolia Major impact Moderate impact weed risk

D. lignosus Major impact Moderate impact weed risk

C. proliferus Moderate impact Moderate impact weed risk

P. pinnata Moderate impact Moderate impact weed risk

P. lophantha Moderate impact Moderate impact weed risk

A. saligna Moderate impact Moderate impact weed risk

A. baileyana Moderate impact Moderate impact weed risk

A. cultriformis No impact Moderate impact weed risk

B. variegata No impact Low naturalisation risk

C. siliqua No impact Low naturalisation risk

C. siliquastrum No impact Low naturalisation risk

S. japonicum No impact Low naturalisation risk

Herbaceous

L. tingitanus Consequential impact Moderate impact weed risk

L. cosentinii Consequential impact Moderate impact weed risk

T. angustifolium Consequential impact Insignificant impact weed risk

M. polymorpha Insignificant impact Insignificant impact weed risk

M. sativa Insignificant impact Insignificant impact weed risk

V. sativa Insignificant impact Insignificant impact weed risk

T. alexandrinum No impact Low naturalisation risk

L. odoratus No impact Low naturalisation risk

V. faba No impact Low naturalisation risk



General discussion

210

Table 9.3: The weed risk of some of non-test species using the decision tree

Taxa Impact status Outcome with 

decision tree

Acacia cyclops Moderate impact (Chapter 3) Moderate impact 

weed risk

Acacia pycnantha Moderate impact from 9 

responses (Appendix 5)

Moderate impact 

weed risk

Acacia terminalis 

(Salisb.) J.F. Macbr.

No impact (Chapter 3) Moderate impact 

weed risk

Clianthus puniceus (G. 

Don) Lindl.

No impact (Chapter 3) Moderate impact 

weed risk

Erythrina crista-galli No impact (Chapter 3) Low naturalisation 

risk

Genista linifolia Moderate impact (Chapter 3) Major impact weed 

risk

Robinia pseudoacacia Insignificant impact (Chapter 

3)

Moderate impact 

weed risk

Lupinus arboreus Sims Moderate impact from 4 

responses (Appendix 5) but 

has numerous ecosystem 

level impacts in California 

(Pickart et al., 1998)

Moderate impact 

weed risk

Medicago truncatula Insignificant impact 

(Chapter 3)

Insignificant impact 

weed risk

Hedysarum coronarium No impact (Chapter 3) Low naturalisation 

risk

Pisum sativum No impact (Chapter 3) Low naturalisation 

risk

Seed production could have also been included in the decision tree to further 

separate species. The difficulty with including seed production in a predictive 

weed risk screening system is that seed production is highly plastic. Seed 

production may vary greatly with environmental conditions, natural enemies 
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and the presence of mutualistic partners. Hence, seed production of a species in 

the native range can be a poor indicator of seed output in cultivation or in the 

absence of predators. For these reasons, seed production was not included in the 

decision tree. A. cultriformis is a case in point. It was classified as a higher risk 

using the decision tree than its classification in Chapter 3. With this species, 

seed production was the only trait that differentiated it from the major and 

moderate impact legumes. This highlights some of the difficulties in predicting 

weediness, particularly with false positives. This has been a criticism of the 

BAWRA (Smith et al., 1999) and was also the case with a proposed 

methodology for predicting invasiveness in woody seed plants in North 

America (Reichard and Hamilton, 1997).

Specific root length and specific leaf area were traits that distinguished impact 

groups for the woody and herbaceous respectively (Chapter 5). However, these 

traits are not included in the decision tree due to the difficulties in their 

measurement. Specific root length was strongly correlated with seed mass, 

which is included in the decision tree and is easily measured. 

A. cultriformis may also be a potential “sleeper weed” (Groves et al., 2003). The 

reasons why some species act as sleeper weeds is a relatively unknown area of 

interest to weed scientists (Groves, 2006). Using a decision tree framework may 

help unravel some of the unknowns. It suggests that a species must tick a 

number of “checkboxes” to become a major impact weed. If the species misses 

some of these its potential impact is not realised. It may be possible that the lack 

of pollinators (Cunningham, 2000) in South Australia is hampering seed 

production in A. cultriformis. If pollinators were to establish, then the species 

possesses the other necessary traits to naturalise and impart high impacts. 

Understanding these essential traits has value not just in predicting weediness, 

but also in targeting successful management strategies and even breeding 

cultivars with non-weedy characters.

The sizes of the test groups may have been a factor in the inaccuracies of 

predicting impact. A maximum of five species in a group made it difficult to 
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significantly associate traits with impact or did so inaccurately, due to the high 

variability within impact groups (e.g. seed mass in the herbaceous species). The 

number of species tested was constrained by the number of species mentioned 

by the questionnaire, a species history in Australia and seed availability. This 

also meant that phylogenetically independent contrasts could not be used, a 

method recommended by Rejmanek (2000) as well as Cornelissen et al. (2003). 

Conversely, the total number of species also made data collection (with the 

exception of the literature sourced traits) logistically difficult. This affected the 

statistical approaches that could be adopted. Thus, multivariate methods such as 

discriminant analysis or classification trees would not have delivered confident 

outcomes. Using contrasts to compare impact groups was a similar approach to 

that taken by Lake and Leishman (2004) and Smith and Knapp (2001). 

The success by this project and those of McIntyre et al. (2005) and Hamilton et 

al. (2005) gives hope for determining weediness by biological traits, supporting 

the earlier work by Rejmanek and Richardson (1996). Increasingly there 

appears to be a number of traits that are becoming important, namely seed mass 

(Rejmanek and Richardson, 1996; Hamilton et al., 2005), specific leaf area 

(Grotkopp et al., 2002; Lake and Leishman, 2004) and juvenile period 

(Rejmanek and Richardson, 1996). Seed mass is important in determining both 

impact (this study) and invasion (Hamilton et al., 2005). This is surprising as 

invasion and impact are different processes. The importance of seed mass in 

overall plant ecological strategy (Westoby et al., 2002; Cornelissen et al., 2003)

may explain this. Only with further research will it be possible to ascertain 

whether predicting invasion also predicts impact in other plant groups. More 

research is required to develop methods to predict impact, but this is largely 

dependent on developing methodology for quantifying impact. 

It would be informative to see if the important trait of high impact legumes in 

temperate Australia, small seed mass, is also common to high impact legumes of 

tropical and arid Australia. Tropical and arid woody legume Weeds Of National 

Significance (e.g. Acacia nilotica (L.) Delile (prickly acacia), Mimosa pigra L. 

(mimosa), Parkinsonia aculeata L. (parkinsonia) and Prosopis L. 

spp.(mesquite)) do not possess seed masses as small as the major impact 
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legumes of temperate Australia. They also tend to be taller but do have some 

seed dormancy. This complicates national weed risk assessment approaches in a 

country as climatically diverse as Australia and supports regional systems. 

However once present in the country, there are few preventative measures to 

stop the spread of a new species from one region to another. A precautionary 

approach is always recommended in these situations.

The juvenile period of a species was a particularly difficult trait to obtain 

information on. However, it was deemed an important trait in distinguishing the 

level of impact of a temperate legume species. Its value has also been noted by 

Rejmanek and Richardson (1996) and by its inclusion in the BAWRA and the 

decision trees by Reichard and Hamilton (1997) and Daehler et al. (2004) on 

North American and Hawaiian invasive species respectively. More emphasis 

should be placed on recording the juvenile period of a species. This information 

would also be of benefit for agricultural and ornamental horticultural 

stakeholders.

Confidence in predicting the weed impact of Acacia species was relatively low. 

Generally, Australian naturalised Acacia species have a similar seed mass, 

juvenile period and possess impermeable seed coats (Maslin and McDonald, 

2004). Hence they all tended to fall into the one category using the decision tree. 

However, there must be distinguishing factors as they clearly have differing 

weed impact. Results from Chapter 8 suggest post dispersal seed predation is an 

important factor. Campbell and Clarke (2006) suggested seed predation to be an 

important contributor in the degree of recruitment in native Australian woodland 

species. Even though all the Acacia species tested are ant dispersed species, the 

major impact species, A. longifolia, was the only species to establish high plant 

numbers in the field (Chapter 8). Was this because ants did not remove it? The 

interest in this genus for commercial pursuits (Dynes and Schlink, 2002; Seiger, 

2002; Maslin and McDonald, 2004) suggests a better understanding of factors 

promoting weediness is a worthwhile area of research. 

The ability of the major impact group of legumes to be able to establish without 

physical disturbance is an area of further interest. This project was able to 
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suggest some reasons why this was so, but was not able to examine these. Two 

possible areas of further research in this area would be 1) radicle penetration 

strength and 2) the effect of seed size. Radicle penetration strength could be 

tested using similar methodology to that detailed by Lofkvist et al. (2005). In 

terms of seed size, any research would need to include species with seed sizes 

both lower and higher than the major impact group to draw valid conclusions. 

Currently, regulations governing importation (World Trade Organisation’s 

agreement on the Application of Sanitary and Phytosanitary Measures) mean 

that potential benefits of species cannot be considered (Walton, 2001). If this 

was to change, it then becomes an area where species with a weed risk and a 

high potential benefit could be imported. It has been suggested that this 

approach could be taken if species fall into the further evaluate category of the 

BAWRA (Bennett and Virtue, 2004). Moderate and insignificant impact species 

would be candidates where potential benefits could be considered. It would 

appear that species that are of high potential benefit and insignificant weed risk 

could be imported, but decisions on high benefit and moderate impact weed risk 

species would be less clear. In this study, moderate impact species tended to be 

found in areas with higher levels of disturbance, such as roadsides. Whilst many 

roadsides are severely degraded and devoid of indigenous vegetation, there are 

many that contain important remnants of biodiversity (Kenny et al., 2000). The 

natural Australian vegetation of today is highly fragmented and coming under 

increasing levels of disturbance. This may further increase in the future as a 

result of population increases and urban sprawl (McKinney, 2006). With this in 

mind, if predictive pre-importation weed risk assessment systems were going to 

use impact levels, it would then be prudent to prohibit moderate impact species 

from importation. However, it could be argued that moderate impact species 

that are of high potential commercial value could be imported subject to 

management plans similar to those that were proposed by Virtue and Melland 

(2003) to minimise weed risks. 

Three woody and three herbaceous legume species that are restricted in their 

distribution or are relatively new in Australia were included in the studies 
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undertaken in this thesis. The purpose of this was to provide a determination of 

their weed risk using information from this study.

D. rectum was classified using the decision tree as a high impact weed risk 

species. It is also currently placed on the list of prohibited imports, due to its 

weed risk (Commonwealth of Australia, 2000). Whilst the similarity of these 

results may indicate that this is a true result, further information from this study 

and others (e.g. Bell et al., 2005) suggests otherwise. The summer environment 

of temperate Australia appears the major barrier to the success of D. rectum (as 

a proposed agricultural plant or a weed). The known susceptibility of D. rectum

to dry and hot conditions casts doubts on D. rectum as a true high impact risk 

species. Additionally, the seed mass of D. rectum may be too small, but without 

test species of this nature this was unable to be tested. It may be that major 

impact legumes have a range of seed masses in the order of 4 to 10 mg and not 

only below 10 mg as proposed in the decision tree. Rejmanek et al. (2005)

generalised that woody species with seeds under 3 mg were only likely to be 

invasive in wet habitats. 

Another perspective is that D. rectum is not actually a woody plant, but falls 

into the area between woody and herbaceous – termed semi-herbaceous or sub-

shrub (Lane et al., 2004). If it were assessed as a herbaceous plant, it would 

receive a low naturalisation risk using the decision tree. The large difference in 

predicted weed risk that arises from classifying it to either growth form suggests 

the intermediate growth form is another area that requires further work. There 

are other legumes that fall in this category (e.g. Cullen australasicum Schltdl. 

(verbine)) and both the genera Dorycnium Miller and Cullen are being explored 

for agricultural potential (Dear et al., 2003; Bennett et al., 2004). 

G. triacanthos appears to pose little risk of becoming a weed of substantial 

impact in temperate Australia. The chance of reproductive spread by seed of this 

species in this environment appears low. A factor not considered in this study 

was vegetative spread, which is uncommon in temperate legumes. However, G. 

triacanthos does possess a suckering habit. This may make localised 

populations problematic. Additionally, many ornamental G. triacanthos trees 
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are grafted onto thorny rootstock in which case the suckers are also thorny, 

creating a greater potential impact.

R. raetam was classified as possessing a moderate impact risk, but that was with 

the assumption that its juvenile period was less than four years. Further 

evidence from the field establishment experiments supports this classification, 

as it was able to establish high plant numbers, but was significantly favoured by 

soil disturbance (Chapter 8). R. raetam has already established in a number of 

low rainfall sites in South Australia and is on the National Environmental Alert 

List (Department of the Environment and Heritage, 2004). At two sites it has 

created a large infestation, resembling those of major impact legumes. The 

major impact legume species used in this study generally grow in areas of 

higher rainfall (>550 mm). It may be that a different set of traits leads to higher 

impact in drier areas. Thompson et al. (1995) state that habitat specificity is a 

significant cause of variation in the predicting of invasiveness and there is no 

reason why predicting impact would be any different. Regardless, it appears that 

the inclusion of R. raetam on the National Environmental Alert List is 

warranted and control of established populations should be prioritised.

All three unassessed herbaceous species appear to possess high seed production 

and seed dormancy, essential traits required for naturalisation. Certainly, A. 

pelecinus is already recorded as naturalised (Chapter 3) and T. glanduliferum

has persisted and spread from original experimental plantings (Emms and 

Virtue; unpublished report). The outcome on whether M. sulcatus will become 

commercialised, and therefore undergo increased propagule pressure, would be 

the only barrier to it also becoming naturalised. All three are low in stature and 

would appear to be most similar to inconsequential impact herbaceous legumes. 

This study could find no evidence to support the status of M. sulcatus as a 

prohibited import.

The initiation of this study was in part due to the concerns of the pasture 

industry in response to the need for novel plants to manage the threat of dryland

salinity. The incorporation of perennial plants in the farming systems of 

southern Australia is a particularly important issue at present. The two ways this 
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could be achieved is by the growing of forage legumes (Cocks, 2001) or with 

agroforestry (Byrne and Broadhurst, 2003). The desire to incorporate shrubs 

into grazing systems (Ewing, 2004; Rogers et al., 2005) is of particular risk, 

especially if they are leguminous. 

The use of Australian native perennial species is also of great interest (Bartle et 

al., 2004; Bennett et al., 2004). The use of these plants does not render weed 

issues void. The presence of a number of legume species of Australian origin as 

weeds in this study indicates that Australian plants can still become weeds when 

present outside of their original indigenous range. In addition, the use of native 

plants also creates a different set of weed issues, namely genetic pollution and 

hybridisation (Byrne and Millar, 2004). Particular caution will have to be paid 

to the weed risk of candidate species if these new systems are going to be 

environmentally successful. 

A plant’s inherent biology is one of a complex mix of factors that determine 

whether it will become a weed. This study has provided a greater understanding 

of the important inherent biological characteristics that influence naturalisation 

and weed impact in temperate legumes. There are still gaps in our knowledge of 

impact of legumes in temperate Australia and so our ability to predict impact is 

still limited. Nevertheless, this study has given some direction as where further 

work should be targeted. In particular, post dispersal seed predation may be an 

important area of research. Until further research occurs in predicting legume 

weediness, the most prudent option in discovering suitable legumes for salinity 

management would be to restrict efforts to perennial herbaceous pasture 

legumes. Further efforts in breeding M. sativa to counteract its current 

limitations (e.g. acid tolerance) would also be a better option than cultivating 

woody legume species. 
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11 Appendices

Appendix 1: The list of nursery and seed catalogues studied

Catalogue title Company Location Year

Plants and seeds Anderson & 

Co.

Sydney, NSW 1905

Manual of seeds, bulbs, 

horticultural sundries

George 

Brunning & 

Sons

Melbourne, Vic 1905

Catalogue of general seeds and 

plants 

Henry Sewell Payneham & 

Adelaide, SA

1906

Catalogue of ornamental trees, 

shrubs, florist’s flowers, fruit trees 

etc. 

George 

Brunning & 

Sons

St. Kilda, 

Melbourne, Vic

1906

Manual of seeds, bulbs, 

horticultural sundries

George 

Brunning & 

Sons

St. Kilda, 

Melbourne, Vic

1909

Seedsmen and nurserymen 

catalogue

E. & W.

Hackett

Adelaide and 

Marryatville, SA

1912

Catalogue of ornamental trees, 

shrubs, florist’s flowers, fruit trees 

etc. 

George 

Brunning & 

Sons

St. Kilda, 

Melbourne, Vic

1913

Yates Annual 1915 Arthur Yates & 

Co. Ltd.

Sydney, NSW 1915

Plants and seeds Anderson & 

Co.

Sydney, NSW 1915

Catalogue of ornamental trees, 

shrubs, fruit trees, florist’s flowers 

etc.

George 

Brunning & 

Sons

St. Kilda, 

Melbourne, Vic

1916

Plants and seeds Anderson & 

Co.

Sydney, NSW 1920
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Catalogue title Company Location Year

Catalogue of ornamental trees, 

shrubs, fruit trees, florist’s flowers 

etc. 

George 

Brunning & 

Sons

St. Kilda, 

Melbourne, Vic

1922

Catalogue E. & W. 

Hackett

Adelaide and 

Marryatville, SA

1923

Seed and plant catalogue James Railton Melbourne, Vic 1923

Illustrated Catalogue E. & W. 

Hackett

Adelaide and 

Marryatville, SA

1930

Handbook of trees, shrubs and 

hardy plants

Hodgins 

Nurseries Pty 

Ltd.

Essendon, Vic 1931

Favourite roses and other plants Hazelwood 

Bros. Ltd

Epping, NSW 1933
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Appendix 2: Questionnaire used for the determination of impact for legumes in 

temperate Australia

LEGUMES AS A THREAT TO BIODIVERSITY

Background

Legumes are important plants in Australia with many different uses in 
agriculture and both production and ornamental horticulture. Unfortunately 
however, many legumes have become serious weeds, especially in natural 
ecosystems. Realising the continuing importance of many legume species, it 
would be advantageous to be able to predict the level of impact a legume 
species would have in natural systems. It would also be valuable to prioritise 
certain legume species that have recently naturalised for early control. 

The CRC for Australian Weed Management is conducting a project looking at 
predicting the impacts of legumes in temperate natural ecosystems. As part of 
the procedure in undertaking this, it is essential to know about the current and 
historical status of introduced legumes in natural ecosystems. As a person with 
experience in natural ecosystems you are being asked to give your opinions on 
which introduced legumes are present and what degree of impact that they are 
causing.

Guidelines

To successfully answer the questions it is important to follow these definitions 
of natural ecosystems, impacts and introduced legumes. For the purpose of this 
study a natural ecosystem is described as being a natural area that has had a 
history of not being predominately cropped, grazed nor cleared. 

Impacts are the effects that the legume has on the natural ecosystem. Examples 
of impacts in natural ecosystems include the reduction in growth and 
establishment of native plants. You will be asked to specify three degrees of 
impact:

• ·Major Impact: Becomes the dominant species of the stratum forming a 
basic monoculture, leading to a significant decline in the number, size 
and/or density of indigenous plants.

• ·Moderate Impact: Species that are relatively abundant and cause a 
decline in the number, size and/or density of indigenous plants. 
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• ·Insignificant Impact: Species that are present at low densities, but do 
not cause a discernible decline in the number, size and/or density of 
indigenous plants. 

The term introduced refers to legumes present outside their indigenous range. 
Legumes native to Australia can also be classified as introduced when out of 
their indigenous range. For example, Cootamundra Wattle is an Australian 
native but is only indigenous to the region around Cootamundra in New South 
Wales. Outside of this area it can be considered as introduced. 

This document can be completed in Microsoft Word, by clicking in the 
checkboxes and typing text in the shaded fields. Alternatively, the form can be 
printed and completed by hand.  Please return the completed form by email, 
posted or faxed to the address below. Please return replies by the Friday the 
18th of April 2003. 

All responses will be kept strictly confidential. If you have any questions, please 
do not hesitate to contact the details below. Your participation in this survey is 
greatly appreciated.

Regards,
Jason Emms & John Virtue

Jason Emms
CRC for Australian Weed Management 
PMB 1, Waite Campus
Glen Osmond 
South Australia 5064 

Telephone: 08 8303 6718
Fax: 08 8303 7311
Email: jason.emms@adelaide.edu.au
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1.a In the natural ecosystems you are personally familiar with, what level of impact do the following legumes have?
N.B. Where a legume is present in only some of the natural ecosystems that you are familiar with, average their impacts over those 
ecosystems only. 

Alhagi maurorum (Camelthorn) Major Moderate Insignificant Absent Don’t Know 

Acacia baileyana (Cootamundra Wattle) Major Moderate Insignificant Absent Don’t Know 

Acacia decurrens (Early Black Wattle) Major Moderate Insignificant Absent Don’t Know 

Acacia elata (Cedar Wattle) Major Moderate Insignificant Absent Don’t Know 

Acacia saligna (Golden Wreath Wattle) Major Moderate Insignificant Absent Don’t Know 

Cytisus multiflorus (White Spanish Broom) Major Moderate Insignificant Absent Don’t Know 

Cytisus proliferus (Tagasaste) Major Moderate Insignificant Absent Don’t Know 

Cytisus scoparius (Scotch Broom) Major Moderate Insignificant Absent Don’t Know 

Dipogon lignosus (Dolichos Pea) Major Moderate Insignificant Absent Don’t Know 

Genista linifolia (Flax-leaved Broom) Major Moderate Insignificant Absent Don’t Know 

Genista monspessulana (Cape Broom) Major Moderate Insignificant Absent Don’t Know 

Lathyrus tingitanus (Tangier Pea) Major Moderate Insignificant Absent Don’t Know 

Lotus corniculatus (Bird’s-foot Trefoil) Major Moderate Insignificant Absent Don’t Know 

Lotus pedunculatus

(Greater Bird’s-foot Trefoil) 

Major Moderate Insignificant Absent Don’t Know 

Lupinus angustfolius (Narrow Leaf Lupin) Major Moderate Insignificant Absent Don’t Know 
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Lupinus cosentinii (Sand Plain Lupin) Major Moderate Insignificant Absent Don’t Know 

Medicago minima (Woolly Burr Medic) Major Moderate Insignificant Absent Don’t Know 

Medicago polymorpha (Burr Medic) Major Moderate Insignificant Absent Don’t Know 

Medicago sativa (Lucerne) Major Moderate Insignificant Absent Don’t Know 

Medicago truncatula (Barrel Medic) Major Moderate Insignificant Absent Don’t Know 

Melilotus albus (Bokhara Clover) Major Moderate Insignificant Absent Don’t Know 

Melilotus indicus (King Island Melilot) Major Moderate Insignificant Absent Don’t Know 

Ornithopus compressus (Yellow Serradella) Major Moderate Insignificant Absent Don’t Know 

Paraserianthes lophantha (Cape Wattle) Major Moderate Insignificant Absent Don’t Know 

Psoralea pinnata (Psoralea) Major Moderate Insignificant Absent Don’t Know 

Robinia pseudoacacia (Black Locust) Major Moderate Insignificant Absent Don’t Know 

Trifolium angustifolium

(Narrow Leaf Clover) 

Major Moderate Insignificant Absent Don’t Know 

Trifolium arvense (Hair’s-foot Clover) Major Moderate Insignificant Absent Don’t Know 

Trifolium campestre (Hop Clover) Major Moderate Insignificant Absent Don’t Know 

Trifolium cernuum

(Drooping-flowered Clover) 

Major Moderate Insignificant Absent Don’t Know 

Trifolium dubium (Suckling Clover) Major Moderate Insignificant Absent Don’t Know 

Trifolium fragiferum (Strawberry Clover) Major Moderate Insignificant Absent Don’t Know 
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Trifolium glomeratum (Cluster Clover) Major Moderate Insignificant Absent Don’t Know 

Trifolium pratense (Red Clover) Major Moderate Insignificant Absent Don’t Know 

Trifolium repens (White Clover) Major Moderate Insignificant Absent Don’t Know 

Trifolium striatum (Knotted Clover) Major Moderate Insignificant Absent Don’t Know 

Trifolium subterraneum (Sub-clover) Major Moderate Insignificant Absent Don’t Know 

Trifolium tomentosum (Woolly Clover) Major Moderate Insignificant Absent Don’t Know 

Ulex europaeus (Gorse) Major Moderate Insignificant Absent Don’t Know 

Vicia sativa (Common Vetch) Major Moderate Insignificant Absent Don’t Know 

1.b Can you list any legumes which are not present on the above list and their level of impact in natural ecosystems 

Major Moderate Insignificant Absent Don’t Know 

Major Moderate Insignificant Absent Don’t Know 

Major Moderate Insignificant Absent Don’t Know 

Major Moderate Insignificant Absent Don’t Know 

Major Moderate Insignificant Absent Don’t Know 

Major Moderate Insignificant Absent Don’t Know 

Major Moderate Insignificant Absent Don’t Know 

Major Moderate Insignificant Absent Don’t Know 
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2. Can you specify precisely the area where the legumes you listed as having a major impact are doing so?

Species Location Owner (eg National Parks, Private)

3. Would you consent to being contacted in the future in regard to this project? Yes No 

4. Would you like a summary of the results when available? Yes No 
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5. Personal Details (Optional) 

Name 
Organisation 
Occupation 
Address 

Phone
Fax
Email

6. If you have comments on any aspects of this survey please do so in the box below



Appendices

270

Appendix 3: Legume species found in the catalogue study and the number the 

catalogues they were located in

Genus Species Number of catalogues

Acacia acinacea Lindl. 1
Acacia adunca G. Don 2

Acacia aneura Benth. 1
Acacia baileyana F. Muell. 16

Acacia binervia (Wendl.) J.F.Macbr. 3

Acacia calamifolia Lindl. 1
Acacia cardiophylla Benth. 2

Acacia cultriformis G. Don 12

Acacia cyclops G. Don 2

Acacia dealbata Link 15
Acacia decora Rchb. f. 2

Acacia decurrens Willd. 15

Acacia elata Benth. 6
Acacia elatior Brenan 1

Acacia falcata Willd. 2

Acacia farnesiana (L.) Willd. 7

Acacia floribunda (Vent.) Willd. 7
Acacia howittii F. Muell. 3

Acacia implexa Benth. 2

Acacia iteaphylla Benth. 3
Acacia jonesii F. Muell. & Maiden 4

Acacia juncifolia Benth. 1

Acacia leprosa DC. 2
Acacia linifolia (Vent.) Willd. 6

Acacia longifolia (Andrews) Willd. 8

Acacia longissima Wendl. 3

Acacia lunata G. Lodd. 2
Acacia macracantha Willd. 1

Acacia maidenii F. Muell. 5

Acacia mearnsii De Wild. 7
Acacia melanoxylon R. Br. 12
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Genus Species Number of catalogues

Acacia myrtifolia (Sm.) Willd. 5
Acacia obtusifolia A. Cunn. 1

Acacia oxycedrus DC. 2

Acacia paradoxa DC. 7

Acacia pendula G. Don 2
Acacia penninervis DC. 2

Acacia podalyriifolia G. Don 12

Acacia prominens G. Don 8
Acacia pruinose Benth. 6

Acacia pycnantha Benth. 16

Acacia retinodes Schltdl. 5

Acacia rubida A. Cunn. 2
Acacia saligna (Labill.) Wendl. 12

Acacia spectabilis Benth. 9

Acacia stricta (Andrews) Willd. 2
Acacia suaveolens (Sm.) Willd. 7

Acacia tenuifolia (L.) Willd. 3

Acacia terminalis (Salisb.) J.F. Macbr. 9
Acacia ulicifolia (Salisb.) Court 3

Acacia verticillata (L’Hér.) Willd. 3

Albizia julibrissin Durazz. 3

Anthyllis vulneraria L. 7
Arachis hypogaea L. 3

Barklya syringifolia F. Muell 2

Bauhinia purpurea L. 7
Bauhinia variegata L. 5

Bossiaea buxifolia A. Cunn 1

Bossiaea obcordata (Vent.) Druce 1

Bossiaea rhombifolia DC. 1
Bossiaea scolopendria (Andrews) Sm. 1

Caesalpinia gilliesii (Hook.) D. Dietr. 5

Callerya megasperma (F. Muell.) Schot 4
Callistachys lanceolata Vent 1

Canavalia bonariensis Lindl. 6



Appendices

272

Genus Species Number of catalogues

Carmichaelia flagelliformis Hook. 1
Castanospermum australe A. Cunn. & C. Fraser 9

Centrosema grandiflorum Benth. 7

Ceratonia siliqua L. 15

Cercis canadensis L. 4
Cercis siliquastrum L. 16

Chorizema cordatum Lindl. 9

Chorizema ilicifolium 5
Cladrastis kentukea (Dum. Cours.) Rudd 2

Clianthus puniceus (G. Don) Lindl. 16

Clitoria ternatea L. 1

Colutea arborescens L. 2
Coronilla valentina L. 8

Crotalaria capensis Jacq. 1

Crotalaria cunninghamii R. Br. 3
Crotalaria laburnifolia L. 3

Crotalaria retusa L. 1

Crotalaria trifoliastrum Willd. 2
Cytisus albus Hacq. 8

Cytisus multiflorus (L'Hér.) Sweet 6

Cytisus proliferus L.f. 10

Cytisus scoparius (L.) Link 16
Cytisus supranubius (L. f.) Kuntze 3

Cytisus x dallimorei Rolfe 1

Daviesia alata Sm. 1
Daviesia latifolia R. Br. 1

Daviesia longifolia Benth. 1

Daviesia microphylla Benth. 1

Daviesia ulicifolia C.R.P. Andrews 1
Delonix regia (Hook.) Raf 1

Dillwynia acicularis DC. 2

Dillwynia retorta (Wendl.) Druce 2
Dipogon lignosus (L.) Verdc 16

Erythrina acanthocarpa E. Mey. 3
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Genus Species Number of catalogues

Erythrina caffra Thunb. 2
Erythrina corallodendrum L. 2

Erythrina crista-galli L. 12

Erythrina herbacea L. 2

Erythrina humeana Spreng. 5
Erythrina speciosa Andrews 1

Erythrina variegata L. 4

Erythrina x bidwillii Lindl. 4
Genista aetnensis (Biv.) DC. 4

Genista canariensis L. 6

Genista ephedroides DC. 2

Genista florida L. 2
Genista linifolia L. 1

Genista monspessulana (L.) L.A.S. 4

Genista spachiana Webb 2
Genista stenopetala Webb & Berth. 1

Genista tinctoria L. 1

Gleditsia sinensis Lam. 3
Gleditsia triacanthos L. 5

Glycine max (L.) Merr. 4

Gompholobium grandiflorum Sm. 1

Gompholobium latifolium Sm. 1
Gompholobium polymorphum R. Br. 1

Goodia lotifolia Salisb. 5

Hardenbergia comptoniana (Andrews) Benth. 7
Hardenbergia violacea (Schneev.) Stearn 14

Hedysarum coronarium L. 7

Hippocrepis emerus (L.) Lassen 1

Hovea longifolia R. Br. 1
Indigofera australis Willd. 6

Indigofera decora Lindl. 4

Jacksonia scoparia Sm. 1
Kennedia coccinea Vent. 1

Kennedia nigricans Lindl. 12
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Genus Species Number of catalogues

Kennedia prostrata R. Br. 2
Kennedia rubicunda Vent. 11

Kummerowia striata (Thunb.) Schindl. 6

Lablab purpureus (L.) Sweet 6

Labrunum anagyroides Medik. 9
Labrunum x watereri (Wettst.) Dippel 2

Lathyrus latifolius L. 10

Lathyrus odoratus L. 10
Lathyrus pubescens 4

Lathyrus pannonicus (Jacq.) Garcke 2

Lathyrus rotundifolius Willd. 1

Lathyrus splendens Kellogg 1
Lathyrus sylvestris L. 1

Lembotropis nigricans (L.) Griseb. 1

Lens culinaris Medik. 4
Lespedeza bicolour Turcz. 2

Lotus australis Andrews 1

Lotus berthelotii Masf. 10
Lotus corniculatus L. 5

Lotus hispidus DC. 2

Lotus jacobaeus L. 2

Lotus pedunculatus Cav. 6
Lotus tetragonolobus L. 7

Lupinus albifrons Benth. 5

Lupinus albus L. 7
Lupinus angustifolius L. 4

Lupinus arboreus Sims 7

Lupinus luteus L. 4

Lupinus mexicanus Lag. 1
Lupinus mutabilis Sweet 1

Lupinus nanus Benth. 1

Lupinus polyphyllus Lindl. 4
Lupinus ventosus C.P. Smith 1

Medicago arborea L. 5
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Genus Species Number of catalogues

Medicago lupulina L. 9
Medicago polymorpha L. 4

Medicago sativa L. 9

Melilotus albus Medik. 9

Melilotus indicus (L.) All. 6
Mimosa pudica L. 8

Mimosa sensitiva L. 3

Mucuna gigantea (Willd.) DC. 1
Mucuna pruriens (L.) DC. 2

Onobrychis viciifolia Scop. 6

Ornithopus sativus L. 4

Paraserianthes lophantha (Willd.) I.C. Nielsen 9
Parkinsonia aculeata L. 1

Phaseolus lunatus L. 8

Phaseolus vulgaris L. 10
Pisum sativum L. 10

Platylobium formosum Sm. 1

Podalyria calyptrata (Retz.) Willd. 7
Psoralea aphylla L. 1

Pulteanea daphnoides Wendl. 2

Pulteanea retusa Sm. 1

Pulteanea stricta Sims 1
Retama monsperma (L.) Boiss. 9

Robinia hispida L. 7

Robinia pseudoacacia L. 6
Robinia x ambigua Poir. 5

Schotia afra (L.) Thunb. 3

Schotia latifolia Jacq. 2

Securigera varia (L.) Lassen 1
Senna bicapsularis (L.) Roxb. 9

Senna corymbosa (Lam.) H.S. Irwin & 2

Senna didymobotrya (Fresen.) H.S. Irwin 1
Senna floribunda (Cav.) H.S. Irwin & 3

Senna planitiicola (Domin) Randell 1
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Genus Species Number of catalogues

Senna septemtrionalis (Viv.) H.S. Irwin 9
Sesbania punicea (Cav.) Benth. 3

Sophora microphylla Aiton 2

Sophora secundiflora (Ortega) DC. 2

Sophora tetraptera J.F. Mill. 9
Spartium junceum L. 16

Styphnolobium japonicum (L.) Schott 8

Sutherlandia frutescens (L.) R. Br. 6
Swainsona galegifolia (Andrews) R. Br. 9

Swainsona greyana Lindl. 2

Swainsonia formosa (G. Don) J. Thompson 9

Templetonia retusa (Vent.) R. Br. 3
Trifolium alexandrinum L. 8

Trifolium dubium Sibth. 3

Trifolium fragiferum L. 8
Trifolium glomeratum L. 2

Trifolium hybridum L. 9

Trifolium incarnatum L. 9
Trifolium pratense L. 9

Trifolium repens L. 9

Trifolium subterraneum L. 7

Trigonella caerulea (L.) Ser. 1
Trigonella foenum-graecum L. 3

Ulex europaeus L. 5

Vicia faba L. 10
Vicia villosa Roth 7

Vigna caracalla (L.) Verdc. 16

Vigna luteola (Jacq.) Benth. 1

Vigna unguiculata (L.) Walp. 10
Virgilia oroboides (P.J. Bergius) T.M. 10

Wisteria floribunda (Willd.) DC. 8

Wisteria frutescens (L.) Poir. 6
Wisteria sinensis Sims Sweet 15

Zapoteca portoricensis (Jacq.) H.M. Hern. 5
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Appendix 4: List of legume species recorded as naturalised and the number of 

botanical regions they were recorded in

Genus Species Number of regions

Acacia baileyana F. Muell. 17
Acacia blakelyi Maiden. 1

Acacia cyclops G. Don 7
Acacia dealbata Link 4

Acacia decurrens Willd. 23

Acacia dodonaeifolia (Pers.) Balb. 3
Acacia elata Benth. 6

Acacia farnesiana (L.) Willd. 7

Acacia floribunda (Vent.) Willd. 6

Acacia iteaphylla Benth. 10
Acacia karroo Hayne 3

Acacia lasiocalyx C.R.P. Andrews 1

Acacia longifolia (Andrews) Willd. 10
Acacia mearnsii De Wild. 2

Acacia melanoxylon R. Br. 3

Acacia microbotrya Benth. 1

Acacia podalyriifolia G. Don 8
Acacia prominens G. Don 4

Acacia pycnantha Benth. 6

Acacia saligna (Labill.) Wendl. 21
Adenocarpus complicatus (L.) Gay 1

Alhagi maurorum Medik. 12

Anagyris foetida L. 1
Anthyllis barba-jovis L. 2

Astragalus hamosus L. 6

Astragalus pelecinus (L.) Barneby 2

Caesalpinia decapetala (Roth) Alston 1
Caesalpinia gilliesii (Hook.) D. Dietr. 3

Calicotome spinosa (L.) Link 4

Callistachys lanceolata Vent. 2
Ceratonia siliqua L. 1
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Genus Species Number of regions

Crotalaria agatiflora Schweinf. 2
Crotalaria incana L. 1

Crotalaria lanceolata E. Mey. 1

Crotalaria verrucosa L. 1

Cytisus multiflorus (L’Hér.) Sweet 3
Cytisus proliferus L.f. 28

Cytisus scoparius (L.) Link 17

Dipogon lignosus (L.) Verdc 19
Echinospartum horridum (M. Vahl) Rothm. 1

Erythrina acanthocarpa E. Meyer 1

Erythrina sykesii Barneby & Krukoff 2

Genista linifolia L. 15
Genista monspessulana (L.) L.A.S. Johnson 25

Genista stenopetala Webb & Berth. 1

Gleditsia triacanthos L. 3
Glycyrrhiza glabra L. 5

Hardenbergia comptoniana (Andrews) Benth. 1

Hedysarum coronarium L. 2
Indigofera decora Lindl. 1

Kennedia nigricans Lindl. 2

Kennedia rubicunda Vent. 1

Lablab purpureus (L.) Sweet 3
Lathyrus angulatus L. 6

Lathyrus latifolius L. 7

Lathyrus nissolia L. 1
Lathyrus odoratus L. 3

Lathyrus sativus L. 1

Lathyrus sphaericus Retz. 1

Lathyrus sylvestris L. 1
Lathyrus tingitanus L. 6

Lotus angustissimus L. 12

Lotus corniculatus L. 19
Lotus creticus L. 1

Lotus hispidus DC. 25
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Genus Species Number of regions

Lotus pedunculatus Cav. 28
Lotus preslii Ten. 2

Lotus tetragonolobus L. 1

Lupinus albus L. 1

Lupinus angustifolius L. 13
Lupinus arboreus Sims 4

Lupinus cosentinii Guss. 12

Lupinus luteus L. 7
Lupinus pilosus L. 2

Lupinus polyphyllus Lindl. 3

Macroptilium atropurpureum (DC.) Urb. 2

Medicago arabica (L.) Huds. 27
Medicago arborea L. 1

Medicago intertexta L. Mill. 6

Medicago laciniata (L.) Mill. 14
Medicago littoralis Loisel. 9

Medicago lupulina L. 23

Medicago minima (L.) L. 27
Medicago orbicularis (L.) Bartal 12

Medicago polymorpha L. 48

Medicago praecox DC. 11

Medicago rugosa Desr. 1
Medicago sativa L. 30

Medicago scutellata (L.) Mill. 12

Medicago tornata (L.) Mill. 1
Medicago truncatula Gaertn. 26

Melilotus albus Medik. 26

Melilotus indicus (L.) All. 41

Melilotus messanensis (L.) All. 5
Melilotus officinalis (L.) Pall. 7

Onobrychis viciifolia Scop 2

Ononis repens L. 3
Ononis spinosa L. 4

Ornithopus compressus L. 13



Appendices

280

Genus Species Number of regions

Ornithopus perpusillus L. 2
Ornithopus pinnatus (Mill.) Druce 13

Ornithopus sativus Brot 7

Paraserianthes lophantha (Willd.) I.C. Nielsen 17

Parkinsonia aculeata L. 4
Pisum sativum L. 2

Podalyria sericea R. Br. 7

Prosopis glandulosa Torr. 1
Prosopis juliflora (Sw.) DC. 1

Prosopis velutina Wooton 4

Psoralea pinnata L. 12

Retama raetam (Forssk.) Webb 5
Robinia pseudoacacia L. 16

Securigera varia (L.) Lassen 3

Senna barclayana (Sweet) Randell 3
Senna multiglandulosa (Jacq.) H. Irwin & 5

Senna occidentalis (L.) Link 1

Senna pendula (Willd.) H.S. Irwin & Barneby 2
Spartium junceum L. 3

Sutherlandia frutescens (L.) R. Br. 10

Tephrosia glomeruliflora Meissner 1

Tephrosia grandiflora (Aiton) Pers. 1
Tephrosia inandensis H.M.L. Forbes 1

Trifolium alexandrinum L. 3

Trifolium ambiguum M. Bieb. 1
Trifolium angustifolium L. 39

Trifolium arvense L. 44

Trifolium campestre Schreb. 44

Trifolium cernuum Brot. 29
Trifolium cherleri L. 4

Trifolium dubium Sibth. 33

Trifolium fragiferum L. 32
Trifolium glomeratum Boiss. 44

Trifolium hirtum All. 9
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Genus Species Number of regions

Trifolium hybridum L. 7
Trifolium incarnatum L. 11

Trifolium lappaceum L. 5

Trifolium ligusticum Loisel. 3

Trifolium medium L. 1
Trifolium michelianum Savi 2

Trifolium micranthum Viv. 2

Trifolium ornithopodioides (L.) Sm. 19
Trifolium pilulare L. 3

Trifolium pratense L. 19

Trifolium repens L. 28

Trifolium resupinatum L. 19
Trifolium rubens L. 1

Trifolium scabrum L. 11

Trifolium spumosum L. 2
Trifolium squamosum L. 2

Trifolium stellatum L. 9

Trifolium striatum L. 28
Trifolium subterraneum L. 39

Trifolium suffocatum L. 14

Trifolium tomentosum L. 38

Trifolium uniflorum L. 1
Trifolium vesiculosum Savi 3

Ulex europaeus L. 28

Vicia benghalensis L. 4
Vicia cracca L. 5

Vicia disperma DC. 2

Vicia hirsuta (L.) Gray 23

Vicia monantha Retz. 16
Vicia sativa L. 45

Vicia tetrasperma (L.) Schreb. 14

Vicia villosa Roth 5
Vigna vexillata (L.) A. Rich. 1
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Appendix 5: Number of responses in each impact category for all species 

mentioned by the questionnaire respondents

Taxa Major Moderate Insignificant Total 

responses 

Acacia baileyana 5 21 21 47

Acacia cultriformis 1 1

Acacia cyclops 4 6 10

Acacia dealbata 1 1 2

Acacia decurrens 11 16 27

Acacia elata 1 1 5 7

Acacia floribunda 3 3

Acacia howitti 2 1 3

Acacia iteaphylla 1 3 2 6

Acacia longifolia 7 7 2 16

Acacia mearnsii 1 1

Acacia paradoxa 2 2 4

Acacia podalyriifolia 1 1 2

Acacia pycnantha 2 7 9

Acacia salicina 1 1

Acacia saligna 6 17 12 35

Acacia schinoides 1 1

Acacia victoriae 1 1

Alhagi maurorum 2 1 3

Calitrome spinosa 1 1

Coronilla varia 1 1

Cytisus multiflorus 2 6 8 16

Cytisus proliferus 6 33 9 48

Cytisus scoparius 22 11 3 36

Dipogon lignosus 10 5 6 21

Genista linifolia 6 10 4 20

Genista monspessulana 26 11 3 40

Genista stenopetala 1 1 1 3
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Taxa Major Moderate Insignificant Total 

responses 

Kennedia rubicunda 1 1

Lathyrus latifolius 1 1

Lathyrus tingitanus 1 7 6 14

Lotus corniculatus 3 12 15

Lotus pedunculatus 1 8 9

Lotus hispidus 1 1

Lupinus angustifolius 3 11 14

Lupinus arboreus 1 3 4

Lupinus cosentinii 1 5 8 14

Lupinus mutabilis 1 1

Lupinus polyphyllus 1 1

Medicago arabica 1 1

Medicago lupulina 1 1

Medicago minima 2 3 18 23

Medicago polymorpha 1 8 22 31

Medicago sativa 1 7 23 31

Medicago truncatula 1 3 16 20

Melilotus albus 2 8 10

Melilotus indicus 2 8 10

Ornithopus compressus 6 6

Paraserianthes 

lophantha

2 11 5 18

Parkinsonia aculeata 1 1

Podalyria sericea 1 2 1

Psoralea pinnata 2 10 3 15

Prosopis spp. 1 1

Retama raetam 1 1

Robinia pseudoacacia 1 3 16 20

Spartium junceum 1 1 2

Trifolium angustifolium 3 7 17 27

Trifolium arvense 1 10 20 31
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Taxa Major Moderate Insignificant Total 

responses 

Trifolium campestre 2 5 17 24

Trifolium cernuum 1 7 8

Trifolium dubium 1 4 14 19

Trifolium fragiferum 3 19 22

Trifolium glomeratum 1 4 12 17

Trifolium incarnatum 1 1

Trifolium pratense 2 14 16

Trifolium repens 1 2 20 23

Trifolium scabrum 1 1

Trifolium stellatum 1 1

Trifolium striatum 1 9 10

Trifolium subterraneum 1 6 17 24

Trifolium tomentosum 4 13 17

Ulex europaeus 27 16 4 47

Vicia hirsuta 1 1 2

Vicia monantha 1 1

Vicia sativa 3 13 28 44
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Appendix 6: Origins of ecotypes of woody species used in the seedling growth 

experiments

Taxa Locality Land use Mean seed 

mass (mg)

Proportion 

of ecotype 

in mix (%)

A. baileyana Balhannah Roadside 28.89 33

A. baileyana Chidlow Trailside 20.53 33

A. baileyana Hahndorf Roadside 24.67 33

A. cultriformis Commercial Unknown 13.03 100

A. longifolia Bridgewater Native 

vegetation

N/A 50

A. longifolia Stoneville Native 

vegetation

16.42 50

A. saligna Meningie Waste 

ground

20.10 50

A. saligna Normanville Coastal 

dunes

18.86 50

B. variegata Gawler Street trees 322.50 50

B. variegata Hazelwood 

Park

Street trees 300.71 50

C. proliferus Clare Trailside 20.81 33

C. proliferus Mt Torrens Roadside 24.34 33

C. proliferus Pickering 

Brook

Waste 

ground

27.68 33

C. scoparius Bridgewater Native 

vegetation

10.38 50

C. scoparius Mylor Native 

vegetation

8.93 50

C. siliqua Lyndoch Street trees 143.77 25

C. siliqua Tanunda Street trees 168.65 75

C. siliquastrum Hazelwood 

Park

Garden 24.12 50
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Taxa Locality Land use Mean seed 

mass (mg)

Proportion 

of ecotype 

in mix (%)

C. siliquastrum Waite 

Campus

Arboretum 23.44 50

D. lignosus Robe Native 

vegetation

26.75 33

D. lignosus Roleystone Native 

vegetation

28.56 33

D. lignosus Strathalbyn Garden 24.35 33

D. rectum SA 12311 SARDIGRC 1.28 50

D. rectum SA 337241 SARDIGRC 1.13 50

G. monspessulana Brownhill 

Creek

Riparian 7.65 50

G. monspessulana Clare Trailside 6.15 50

G. triacanthos Hazelwood 

Park

Garden 303.38 50

G. triacanthos St Georges Street trees 181.19 50

P. lophantha Eaglehawk 

Neck

Native 

vegetation

97.33 33

P. lophantha Parawa Roadside 72.84 33

P. lophantha Waterfall 

Gully

Roadside 79.39 33

P. pinnata Albany Unknown 7.24 50

P. pinnata Mt Lofty Garden 17.77 50

R. raetam Kadina Rehabilitated 

vegetation

55.56 33

R. raetam Lipson Roadside 63.53 33

R. raetam Robe Roadside 78.81 33

S. japonicum Adelaide Garden 159.32 33

S. japonicum Toorak 

Gardens

Street trees 142.52 66
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Taxa Locality Land use Mean seed 

mass (mg)

Proportion 

of ecotype 

in mix (%)

U. europaeus Bridgewater Native 

vegetation

7.15 33

U. europaeus Macclesfield Native 

vegetation

7.26 33

U. europaeus Mylor Native 

vegetation

7.53 33

1Numbers with prefix of SA refers to non-commercial accessions housed in the 

South Australian Research and Development Institute Genetic Resource Centre 

(SARDIGRC)
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Appendix 7: Origins of ecotypes of herbaceous species used in the seedling 

growth experiments

Taxa Locality/Cultivar 

(cv.)

Land use Mean 

seed mass 

(mg)

Proportion 

of ecotype 

in mix (%)

A. pelecinus cv. Casbah SARDIGRC 1.28 100

L. cosentinii Cape Jervis Native 

vegetation

157.6 50

L. cosentinii Meningie Roadside 185.59 50

L. odoratus cv. Bijou Mixed Commercial 84.30 25

L. odoratus cv. Early Gigantea 

Multiflora

Commercial 72.42 75

L. tingitanus Brownhill Creek Roadside 91.52 50

L. tingitanus Delamere Roadside 115.13 50

M. polymorpha cv. Circle Valley SARDIGRC 2.71 50

M. polymorpha SA 314781 SARDIGRC 3.20 50

M. sativa cv. Hunter River SARDIGRC 2.59 50

M. sativa Mintaro Roadside 2.48 50

M. sulcatus SA 344761 SARDIGRC 5.15 100

T. alexandrinum cv. Bigbee SARDIGRC 2.68 100

T. angustifolium Boya Roadside 1.91 33

T. angustifolium Cape Jervis Native 

vegetation

1.50 33

T. angustifolium Ferguson Cons. 

Park

Native 

vegetation

1.46 33

T. glanduliferum cv. Prima SARDIGRC 0.74 100

V. faba cv. Coles Dwarf 

Prolific

Commercial 1352.90 100

V. sativa Brownhill Creek Roadside N/A 50

V. sativa Parawa Roadside 26.74 50
1Numbers with prefix of SA refers to non-commercial accessions housed in the 

South Australian Research and Development Institute Genetic Resource Centre 

(SARDIGRC)
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Appendix 8: Sources from which the maximum height and width measurements 

were taken for the woody species

Taxa Maximum height Maximum width

A. baileyana (Hellyer, 1976; van der Spuy, 

1978; Boomsma, 1979; Mullins, 

1979; Wrigley and Fagg, 1979; 

Harris, 1980; Whibley, 1980; 

Cunningham et al., 1981; Elliot 

and Jones, 1982; Lord, 1982; 

Grace, 1984; Jessop et al., 1986; 

Simmons, 1987; Rigby, 1989; 

Cremer, 1990; Harden, 1990; 

Rowell, 1991; Griffiths, 1992; 

Simpfendorfer, 1992; Walsh and 

Entwisle, 1993; Bricknell, 1996; 

Rodd, 1996; Bonney, 1997; 

Barnard, 1998; Dashorst and 

Jessop, 1998; Blaxell and Rodd, 

2001; Flora of Australia, 2001)

(Seale, 1971; 

Mullins, 1979; 

Wrigley and Fagg, 

1979; Harris, 1980; 

Elliot and Jones, 

1982; Rigby, 1989; 

Bricknell, 1996)

A. cultriformis (van der Spuy, 1978; Boomsma, 

1979; Wrigley and Fagg, 1979; 

Elliot and Jones, 1982; Lord, 

1982; Marchant et al., 1987; 

Simmons, 1987; Harden, 1990; 

Griffiths, 1992; Simpfendorfer, 

1992; Bricknell, 1996; Rodd, 

1996; Blaxell and Rodd, 2001; 

Flora of Australia, 2001)

(Wrigley and Fagg, 

1979; Elliot and 

Jones, 1982; 

Bricknell, 1996)
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Taxa Maximum height Maximum width

A. longifolia (Hellyer, 1976; van der Spuy, 

1978; Boomsma, 1979; Wrigley 

and Fagg, 1979; Harris, 1980; 

Tutin, 1980; Elliot and Jones, 

1982; Cremer, 1990; Rowell, 

1991; Griffiths, 1992; Walsh and 

Entwisle, 1993; Barnard, 1998; 

Dashorst and Jessop, 1998; Blaxell 

and Rodd, 2001)

(Seale, 1971; 

Wrigley and Fagg, 

1979; Harris, 1980)

A. saligna (van der Spuy, 1978; Boomsma, 

1979; Wrigley and Fagg, 1979; 

Harris, 1980; Whibley, 1980; 

Elliot and Jones, 1982; Lord, 

1982; Grace, 1984; Jessop et al., 

1986; Marchant et al., 1987; 

Simmons, 1987; Rigby, 1989; 

Cremer, 1990; Harden, 1990; 

Rowell, 1991; Simpfendorfer, 

1992; Walsh and Entwisle, 1993; 

Bricknell, 1996; Bonney, 1997; 

Blaxell and Rodd, 2001; Flora of 

Australia, 2001)

(Wrigley and Fagg, 

1979; Harris, 1980)

B. variegata (Hellyer, 1976; van der Spuy, 

1978; Mullins, 1979; Lord, 1982; 

Grace, 1984; Rowell, 1991; 

Griffiths, 1992; Rodd, 1996)

(Seale, 1971; 

Mullins, 1979; 

Bricknell, 1996)



Appendices

291

Taxa Maximum height Maximum width

C. proliferus (Boomsma, 1979; Cunningham et 

al., 1981; Lord, 1982; Marchant et 

al., 1987; Cremer, 1990; Harden, 

1990; Simpfendorfer, 1992; Walsh 

and Entwisle, 1993; Bricknell, 

1996; Blaxell and Rodd, 2001; 

Moore and Moore, 2002)

Field measurements

C. scoparius (Hellyer, 1976; Tutin, 1980; Lord, 

1982; Prockter, 1984; Whitehead, 

1984; Jessop et al., 1986; Davis, 

1987; Harden, 1990; Griffiths, 

1992; Walsh and Entwisle, 1993; 

Bricknell, 1996; Rodd, 1996; 

Dashorst and Jessop, 1998; Blaxell 

and Rodd, 2001)

(Prockter, 1984; 

Davis, 1987; 

Bricknell, 1996)

C. siliqua (Boomsma, 1979; Tutin, 1980; 

Lord, 1982; Grace, 1984; Cremer, 

1990; Harden, 1990; Rowell, 

1991; Simpfendorfer, 1992; 

Bricknell, 1996; Rodd, 1996; 

Barnard, 1998; Flora of Australia, 

1998; Race et al., 1999; Blaxell 

and Rodd, 2001)

(Seale, 1971; 

Esbenshade and 

Wilson, 1986)

C. siliquastrum (Hellyer, 1976; van der Spuy, 

1978; Boomsma, 1979; Mullins, 

1979; Tutin, 1980; Lord, 1982; 

Grace, 1984; Prockter, 1984; 

Davis, 1987; Griffiths, 1992; 

Simpfendorfer, 1992; Bricknell, 

1996; Rodd, 1996; Barnard, 1998; 

Blaxell and Rodd, 2001)

(Seale, 1971; 

Mullins, 1979; 

Davis, 1987; 

Bricknell, 1996)
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Taxa Maximum height Maximum width

D. rectum (Bennett et al., 2002; Bennett, 

2003; Dear et al., 2003)

Field measurements

G. monspessulana (Cunningham et al., 1981; Lord, 

1982; Jessop et al., 1986; Harden, 

1990; Walsh and Entwisle, 1993; 

Bricknell, 1996; Dashorst and 

Jessop, 1998; Blaxell and Rodd, 

2001)

Field measurements

G. triacanthos (Hellyer, 1976; van der Spuy, 

1978; Mullins, 1979; Tutin, 1980; 

Lord, 1982; Grace, 1984; Davis, 

1987; Cremer, 1990; Harden, 

1990; Rowell, 1991; Griffiths, 

1992; Simpfendorfer, 1992; 

Bricknell, 1996; Rodd, 1996; 

Barnard, 1998; Flora of Australia, 

1998; Blaxell and Rodd, 2001)

(Mullins, 1979; 

Davis, 1987; Gilman 

and Watson, 1993; 

Bricknell, 1996)

P. lophantha (Hellyer, 1976; van der Spuy, 

1978; Boomsma, 1979; Wrigley 

and Fagg, 1979; Elliot and Jones, 

1982; Lord, 1982; Grace, 1984; 

Jessop et al., 1986; Turnbull, 

1986; Marchant et al., 1987; 

Harden, 1990; Rowell, 1991;

Simpfendorfer, 1992; Walsh and 

Entwisle, 1993; Rodd, 1996; Flora 

of Australia, 1998)

(Wrigley and Fagg, 

1979)

P. pinnata (Harden, 1990; Walsh and 

Entwisle, 1993; Bricknell, 1996; 

Blaxell and Rodd, 2001; Blood, 

2001; Moore and Moore, 2002)

Field measurements
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Taxa Maximum height Maximum width

S. japonicum (Hellyer, 1976; Mullins, 1979; 

Tutin, 1980; Lord, 1982; Davis, 

1987; Rowell, 1991; Griffiths,

1992; Simpfendorfer, 1992; 

Bricknell, 1996; Rodd, 1996; 

Barnard, 1998; Blaxell and Rodd, 

2001)

(Mullins, 1979; 

Davis, 1987; Gilman 

and Watson, 1994; 

Bricknell, 1996)

R. raetam (Davis, 1953; Jessop et al., 1986; 

Bricknell, 1996; Blaxell and Rodd, 

2001)

Field measurements

U. europaeus (Hellyer, 1976; Tutin, 1980; 

Prockter, 1984; Whitehead, 1984; 

Jessop et al., 1986; Davis, 1987; 

Harden, 1990; Griffiths, 1992; 

Walsh and Entwisle, 1993; 

Bricknell, 1996; Blaxell and Rodd, 

2001)

(Seale, 1971; Davis, 

1987; Blaxell and 

Rodd, 2001)
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Appendix 9: Sources from which the maximum height and width measurements 

were taken for the herbaceous species

Taxa Maximum height Maximum width

A. pelecinus (Loi et al., 2001) and field 

measurements

Field measurements

L. cosentinii (Marchant et al., 1987; Harden, 

1990; Dashorst and Jessop, 1998)

and field measurements

Field measurements

L. odoratus (Hellyer, 1976; Mullins, 1979; 

Griffiths, 1992; Bricknell, 1996; 

Eden Seeds, 2004)

(Mullins, 1979; 

Bricknell, 1996) and 

field measurements

L. tingitanus (Hellyer, 1976; Griffiths, 1992; 

Bricknell, 1996; Dashorst and 

Jessop, 1998)

Field measurements

M. polymorpha (Tutin, 1980; Bricknell, 1996) and 

field measurements

Field measurements

M. sativa (Tutin, 1980; Harden, 1990; 

Bricknell, 1996) and field 

measurements

Field measurements

M. sulcatus Field measurements Field measurements

T. alexandrinum (Marchant et al., 1987; Harden, 

1990) and field measurements

Field measurements

T. angustifolium (Marchant et al., 1987; Harden, 

1990) and field measurements

Field measurements

T. glanduliferum (Zohary and Heller, 1984) and field 

measurements

Field measurements

V. faba (Mullins, 1979; Phillips and Rix, 

1993; Bricknell, 1996) and field 

measurements

Field measurements

V. sativa (Cunningham et al., 1981; Bricknell, 

1996)

Field measurements
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Appendix 10: Localities where soil surface seed bank measurements were made for the woody species

Taxa Locality Year sampled1 Latitude

ºS

Longitude

ºE

Elevation 

(m)

Estimated 

mean annual 

rainfall (mm)

Land use

A. baileyana Balhannah 2004 34 59 138 47 358 864 Roadside
A. cultriformis Adelaide 2004 34 55 138 36 46 558 Botanic Garden
A. longifolia Stirling 2004 35 01 138 45 1188 Native vegetation
A. saligna Normanville 2003/2004 35 28 138 17 10 583 Coastal dunes
A. saligna Meningie 2003/2004 35 41 139 20 11 467 Waste ground
B. variegata Hazelwood Park 2003/2004 34 56 138 39 129 635 Street trees
B. variegata Gawler 2003/2004 34 36 138 44 56 475 Street trees
C. proliferus Nangkita 2003/2004 35 19 138 39 234 850 Roadside
C. proliferus Hahndorf 2003/2004 35 01 138 48 378 866 Roadside
C. proliferus Clare 2003/2004 33 50 138 37 421 632 Trailside
C. scoparius Mt George 2004 34 59 138 46 1050 Roadside
C. siliqua Lyndoch 2002/2003/2004 34 36 138 53 175 562 Street trees
C. siliqua Tanunda 2002/2003/2004 34 31 138 57 256 549 Oval
C. siliqua Tanunda 2002/2003/2004 34 31 138 57 256 549 Street trees
C. siliquastrum Waite Campus 2003 38 58 138 37 95 621 Arboretum
D. lignosus Robe 2003/2004 37 10 139 46 633 Native vegetation
D. rectum Waite Campus 2004 34 57 138 37 105 621 Spaced plants
D. rectum Turretfield 2004 34 31 138 50 468 Spaced plants
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Taxa Locality Year sampled1 Latitude

ºS

Longitude

ºE

Elevation 

(m)

Estimated 

mean annual 

rainfall (mm)

Land use

G. monspessulana Brownhill Creek 2002/2003/2004 34 59 138 37 139 650 Riparian
G. monspessulana Clare 2003/2004 33 50 138 37 421 632 Trailside
G. monspessulana Lenswood 2003 34 54 138 49 1032 Native vegetation
G. triacanthos Hazelwood Park 2003/2004 34 55 138 39 114 635 Garden
P. lophantha Springmount 2003/2004 35 26 138 32 329 758 Roadside
P. lophantha Coromandel Valley 2003/2004 35 01 138 37 216 730 Riparian
R. raetam Lipson 2002 34 18 136 08 32 394 Roadside
R. raetam Blyth 2003/2004 33 52 138 28 176 424 Roadside
R. raetam Robe 2003/2004 37 10 139 47 633 Roadside
R. raetam Kadina 2003/2004 33 58 137 42 40 388 Rehabilitated 

vegetation

S. japonicum Adelaide 2003 34 55 138 36 41 558 Botanic Garden
S. japonicum Toorak Gardens 2004 34 56 138 38 93 635 Street trees
U. europaeus Macclesfield 2004 35 10 138 50 337 740 Native vegetation
1Refers to growing season
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Appendix 11: Localities where the soil surface seed bank measurements were made for the herbaceous species

Taxa Locality Year 

sampled1

Latitude

ºS

Longitude

ºE

Elevation 

(m)

Estimated mean 

annual rainfall (mm)

Land use

A. pelecinus Waite Campus 2003/2004 34 57 138 37 105 621 Spaced plants
L. cosentinii Pink Lake 2003/2004 35 35 138 28 467 Roadside
L. cosentinii Waite Campus 2003/2004 34 57 138 37 105 621 Spaced plants
L. odoratus Waite Campus 2004 34 57 138 37 105 621 Spaced plants
L. tingitanus Delamere 2003/2004 35 34 138 10 247 800 Roadside
L. tingitanus Fox Creek 2003/2004 34 52 138 50 1032 Drain
L. tingitanus Waite Campus 2004 34 57 138 37 105 621 Spaced plants
M. polymorpha Meningie 2004 35 41 139 20 11 467 Roadside
M. polymorpha Blackwood 2003/2004 35 02 138 36 231 729 Roadside
M. polymorpha Waite Campus 2003/2004 34 57 138 37 105 621 Spaced plants
M. sativa Mintaro 2003/2004 33 52 138 45 420 550 Roadside
M. sulcatus Waite Campus 2003/2004 34 57 138 37 105 621 Spaced plants
T. alexandrinum Waite Campus 2003/2004 34 57 138 37 105 621 Spaced plants
T. angustifolium Cape Jervis 2003/2004 35 36 138 05 28 575 Native 

vegetation

T. angustifolium Ferguson 

Conservation Park

2003/2004 34 55 138 40 177 635 Native 

vegetation

T. angustifolium Boya 2003 31 55 116 03 83 801 Roadside
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Taxa Locality Year 

sampled1

Latitude

ºS

Longitude

ºE

Elevation 

(m)

Estimated mean 

annual rainfall (mm)

Land use

T. angustifolium Stoneville 2003 31 52 116 09 222 801 Trailside
T. angustifolium Waite Campus 2003/2004 34 57 138 37 105 621 Spaced plants
T. glanduliferum Waite Campus 2003/2004 34 57 138 37 105 621 Spaced plants
V. faba Waite Campus 2004 34 57 138 37 105 621 Spaced plants
V. sativa Parawa 2003 35 31 138 23 126 900 Roadside
V. sativa Biggs Flat 2003/2004 34 04 138 46 319 814 Roadside
V. sativa Waite Campus 2004 34 57 138 37 105 621 Spaced plants
1Refers to growing season
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Appendix 12: Locations of woody species ecotypes used in the measure of seed 

mass

Taxa Location Land use

A. baileyana Balhannah Roadside
A. baileyana Chidlow Trailside

A. baileyana Hahndorf Roadside
A. cultriformis Commercial Unknown

A. longifolia Bridgewater Native vegetation

A. longifolia Stoneville Native vegetation
A. longifolia Stirling Native vegetation

A. saligna Brownhill Creek Roadside

A. saligna Meningie Waste ground

A. saligna Normanville Coastal dunes
B. variegata Gawler Street tree

B. variegata Hazelwood Park Garden

C. proliferus Nangkita Roadside
C. proliferus Mt Torrens Roadside

C. proliferus Hahndorf Roadside

C. proliferus Clare Trailside

C. scoparius Bridgewater Native vegetation
C. scoparius Mt George Roadside

C. scoparius Mylor Native vegetation

C. siliqua Lyndoch Street trees
C. siliqua Tanunda Street trees

C. siliqua Tanunda Oval

C. siliquastrum Hazelwood Park Garden
C. siliquastrum Waite Campus Arboretum

D. lignosus Robe Native vegetation

D. lignosus Roleystone Native vegetation

D. lignosus Strathalbyn Garden
D. lignosus Woodville Garden

D. rectum (SA 1231) Waite Campus SARDIGRC

D. rectum (SA 33724) Waite Campus SARDIGRC
G. monspessulana Brownhill Creek Riparian
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Taxa Location Land use

G. monspessulana Lenswood Native vegetation
G. monspessulana Clare Trailside

G. triacanthos Hazelwood Park Garden

G. triacanthos St Georges Street trees

P. lophantha Coromandel Valley Riparian
P. lophantha Springmount Roadside

P. lophantha Eaglehawk Neck Native vegetation

P. lophantha Parawa Roadside
P. lophantha Waterfall Gully Roadside

P. pinnata Mt Lofty Garden

P. pinnata Albany Unknown

R. raetam Robe Roadside
R. raetam Kadina Rehabilitated vegetation

R. raetam Lipson Roadside

S. japonicum Adelaide Garden
S. japonicum Toorak Gardens Street trees

U. europaeus Meadows Roadside

U. europaeus Bridgewater Native vegetation
U. europaeus Mylor Native vegetation

U. europaeus Lobethal Pasture
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Appendix 13: Locations of herbaceous species ecotypes used in the measure of 

seed mass

Taxa Location Land use

A. pelecinus cv. Casbah SARDIGRC
L. cosentinii Cape Jervis Native vegetation
L. cosentinii Pink Lake Roadside
L. odoratus cv. Bijou Mixed Commercial
L. odoratus cv. Early Gigantea 

Multiflora

SARDIGRC

L. tingitanus Brownhill Creek Roadside
L. tingitanus Delamere Roadside
L. tingitanus Fox Creek Drain
M. polymorpha Meningie Roadside
M. polymorpha Blackwood Roadside
M. polymorpha cv. Circle Valley SARDIGRC
M. polymorpha SA 31478 SARDIGRC
M. sativa Mintaro Roadside
M. sulcatus SA 34476 SARDIGRC
T. alexandrinum cv. Bigbee SARDIGRC
T. alexandrinum SA 41596 SARDIGRC
T. angustifolium Boya Roadside
T. angustifolium Cape Jervis Roadside
T. angustifolium Ferguson Cons. Park Native vegetation
T. angustifolium Stoneville Trailside
T. glanduliferum cv. Prima SARDIGRC
V. faba cv. Coles Dwarf Prolific Commercial
V. sativa SA 41599 Mt Batten reserve
V. sativa SA 41600 Ferguson Cons. Park 
V. sativa Parawa Roadside
V. sativa Biggs Flat Roadside
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Appendix 14: Localities where pods of the woody species were collected for use in the seed dormancy experiment

Taxa Locality Latitude

ºS

Longitude

ºE

Elevation 

(m)

Estimated mean 

annual rainfall (mm)

Land use

A. baileyana Balhannah 34 59 138 47 358 864 Roadside
A. longifolia Bridgewater 35 00 138 45 426 1050 Native vegetation
A. saligna Brownhill Creek 34 59 138 38 161 650 Roadside
B. variegata Hazelwood Park 34 56 138 39 129 635 Street trees
C. proliferus Hahndorf 35 01 138 48 378 866 Roadside
C. scoparius Bridgewater 35 00 138 45 426 1050 Native vegetation
C. siliqua Waite Campus 38 58 138 37 91 621 Arboretum
C. siliquastrum Waite Campus 38 58 138 37 95 621 Arboretum
D. lignosus Waterfall Gully 34 57 138 40 190 650 Roadside
D. rectum Waite Campus 38 58 138 02 119 621 Garden
G. monspessulana Brownhill Creek 34 59 138 37 139 650 Riparian
G. triacanthos St Georges 34 57 138 39 180 635 Street trees
P. lophantha Waterfall Gully 34 57 138 40 214 650 Roadside
R. raetam Kadina 33 58 137 42 40 388 Rehabilitated 

vegetation

S. japonicum Adelaide Botanic 

Gardens

34 55 138 36 41 525 Garden

U. europaeus Bridgewater 35 00 138 45 426 1050 Native vegetation
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Appendix 15: Localities where pods of the herbaceous species were collected for use in the seed dormancy experiment 

Taxa Cultivar/Accession1 Collection site Latitude

ºS

Longitude

ºE

Elevation

(m)

Estimated 

mean annual 

rainfall (mm)

Origin of 

cultivar/accession

A. pelecinus Casbah Waite Campus 34 57 138 37 105 621 Morocco

L. cosentinii SA 400911 Waite Campus 34 57 138 37 105 621 Cape Jervis, 

Australia

L. odoratus Bijou Mixed Waite Campus 34 57 138 37 105 621 Unknown

L. tingitanus SA 415931 Brownhill Creek 34 59 138 37 136 625 Brownhill Creek, 

Australia

M. polymorpha Circle Valley Waite Campus 34 57 138 37 105 621 Coolgardie, 

Australia

M. polymorpha SA 314781 Waite Campus 34 57 138 37 105 621 Port Elliot, Australia

M. sulcatus SA 344761 Waite Campus 34 57 138 37 105 621 Algeria

T. alexandrinum Bigbee Waite Campus 34 57 138 37 105 621 Morocco

T. angustifolium SA 400861 Waite Campus 34 57 138 37 105 621 Ferguson 

Conservation Park, 

Australia

T. fragiferum O’Connors Waite Campus 34 57 138 37 105 621 Penola, Australia
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Taxa Cultivar/Accession1 Collection site Latitude

ºS

Longitude

ºE

Elevation

(m)

Estimated 

mean annual 

rainfall (mm)

Origin of 

cultivar/accession

T. glanduliferum Prima Waite Campus 34 57 138 37 105 621 Israel

V. faba Coles Dwarf Prolific Waite Campus 34 57 138 37 105 621 Australia

V. sativa N/A Brownhill Creek 34 59 138 37 136 625 Brownhill Creek, 

Australia
1Numbers with the prefix SA refer to accessions held in the South Australian Research and Development Institute Genetic Resource 

Centre (SARDIGRC)
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Appendix 16: References from which information on woody species’ juvenile 

period was obtained

Taxa Reference

A. baileyana (Benson and McDougall, 1996; Muyt, 

2001; Maslin and McDonald, 2004)

A. longifolia (Benson and McDougall, 1996; Muyt, 

2001)

A. saligna (Muyt, 2001; Maslin and McDonald, 

2004)

B. variegata (Connor, 2003)

C. proliferus (Muyt, 2001; Moore and Moore, 2002; 

pers.obs.); 

C. scoparius (Parsons, 1973; Muyt, 2001; Sheppard 

et al., 2002)

C. siliqua (Race et al., 1999)

C. siliquastrum (Bailey, 1941)

D. lignosus (Muyt, 2001; Moore and Moore, 2002)

D. rectum (Bennett et al., 2002; Lane et al., 

2004)

G. monspessulana (Parsons, 1973; pers. obs.)

G. triacanthos (Csurhes and Kriticos, 1994)

P. lophantha (Elliot and Jones, 1982; Turnbull, 

1986)

P. pinnata (Muyt, 2001; Moore and Moore, 2002)

S. japonicum (Gilman and Watson, 1994)

U. europaeus (Parsons and Cuthbertson, 2001)
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Appendix 17: References from which information on woody species’ dispersal 

mechanism was obtained

Taxa Reference

A. baileyana (O'Dowd and Gill, 1986)

A. cultriformis (O'Dowd and Gill, 1986)

A. longifolia (O'Dowd and Gill, 1986)

A. saligna (O'Dowd and Gill, 1986; Holmes, 

1990)

B. variegata Personal observations

C. proliferus (Muyt, 2001; Moore and Moore, 2002)

C. scoparius (Ridley, 1930; Smith and Harlen, 

1991; Peterson et al., 1998; Smith, 

2000; Parsons and Cuthbertson, 2001; 

Malo, 2004)

C. siliqua (El-Shatnawi and Ereifej, 2001)

C. siliquastrum (Davis et al., 2002)

D. lignosus (Muyt, 2001; Moore and Moore, 2002)

D. rectum Personal observations

G. monspessulana (Muyt, 2001; pers. obs.)

G. triacanthos (Csurhes and Kriticos, 1994)

P. lophantha (Muyt, 2001)

P. pinnata (Moore and Moore, 2002)

R. raetam (Gutterman, 1993; Izhaki and 

Ne'eman, 1997)

S. japonicum Personal observations

U. europaeus (Ridley, 1930; Hill et al., 1996; Holm 

et al., 1997; Richardson and Hill, 

1998; Clements et al., 2001; Parsons 

and Cuthbertson, 2001)
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Appendix 18: References from which information on herbaceous species’ 

dispersal mechanism was obtained

Taxa Reference

A. pelecinus (Malo and Suarez, 1994; Malo and 

Suarez, 1995)

L. cosentinii Personal observations

L. odoratus Personal observations

L. tingitanus (Muyt, 2001; pers. obs.)

M. polymorpha (Ridley, 1930)

M. sativa (Yamada et al., 1972; Da et al., 1994; 

van Dyk and Neser, 2000)

M. sulcatus (Ridley, 1930)

T. alexandrinum Personal observations

T. angustifolium (Ghassali et al., 1998)

T. glanduliferum (Dear et al., 2002)

V. faba Personal observations

V. sativa (Ladizinsky, 1979; Garrison et al., 

2000)
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Appendix 19: Significance of comparisons between woody impact groups and 

unassessed species for the level of impermeable seed between summer 

2003/2004 and May 2005

Comparison Level of impermeable seed

Major vs. moderate **

Major vs. no n.s.

Moderate vs. no **

Major vs. D. rectum **

Major vs. G. triacanthos **

Major vs. R. raetam **

Moderate vs. D. rectum **

Moderate vs. G. triacanthos **

Moderate vs. R. raetam **

No vs. D. rectum **

No vs. G. triacanthos **

No vs. R. raetam **

Major vs. moderate. time n.s.

Major vs. no. time n.s.

Moderate vs. no. time *

Major vs. D. rectum. time n.s.

Major vs. G. triacanthos. time n.s.

Major vs. R. raetam. time **

Moderate vs. D. rectum. time n.s.

Moderate vs. G. triacanthos. time n.s.

Moderate vs. R. raetam. time **

No vs. D. rectum. time n.s.

No vs. G. triacanthos. time n.s.

No vs. R. raetam. time **
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Appendix 20: Significance of comparisons between herbaceous impact groups 

and unassessed species for the level of impermeable seed between summer 

2003/2004 and May 2005

Comparison Level of impermeable seed

Consequential vs. inconsequential **

Consequential vs. no **

Inconsequential vs. no **

Consequential vs. A. pelecinus **

Consequential vs. M. sulcatus *

Consequential vs. T. glanduliferum **

Inconsequential vs. A. pelecinus **

Inconsequential vs. M. sulcatus **

Inconsequential vs. T. glanduliferum **

No vs. A. pelecinus **

No vs. M. sulcatus **

No vs. T. glanduliferum **

Consequential vs. inconsequential. time **

Consequential vs. no. time *

Inconsequential vs. no. time n.s.

Consequential vs. A. pelecinus. time n.s.

Consequential vs. M. sulcatus. time n.s.

Consequential vs. T. glanduliferum. time *

Inconsequential vs. A. pelecinus. time n.s.

Inconsequential vs. M. sulcatus. time *

Inconsequential vs. T. glanduliferum. time **

No vs. A. pelecinus. time n.s.

No vs. M. sulcatus. time *

No vs. T. glanduliferum. time **
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Appendix 21: Origins of ecotypes of the woody species used in the 2003 

experiment at Mt Crawford

Taxa Locality Mean seed mass 

(mg)

Land use

A. baileyana Hahndorf 24.67 Roadside
A. cultriformis Commercial 13.03 Unknown
C. proliferus Mt Torrens 24.34 Roadside
C. scoparius Lenswood 10.07 Native vegetation
C. siliqua Lyndoch 143.77 Street tree
C. siliquastrum Hazelwood Park 24.12 Garden
D. rectum SA 337241 1.13 SARDIGRC
G. monspessulana Brownhill Creek 7.65 Riparian
G. triacanthos Hazelwood Park 303.38 Garden
P. lophantha Waterfall Gully 79.39 Roadside
R. raetam Lipson 63.53 Roadside
U. europaeus Lobethal 5.85 Pasture
1Numbers with prefix of SA refers to non-commercial accessions housed in the 

South Australian Research and Development Institute Genetic Resource Centre 

(SARDIGRC)



Appendices

311

Appendix 22: Origins of ecotypes of the herbaceous species used in the 2003 

experiment at Mt Crawford

Taxa Locality/Cultivar (cv.) Mean seed 

mass (mg)

Land use

A. pelecinus cv. Casbah 1.28 SARDIGRC
L. cosentinii Cape Jervis 157.96 Native 
L. tingitanus Fox Creek 122.79 Drain
M. polymorpha cv. Circle Valley 2.71 SARDIGRC
M. sativa cv. Hunter River 2.59 SARDIGRC
M. sulcatus SA 344761 5.15 SARDIGRC
T. alexandrinum cv. Bigbee 2.68 SARDIGRC
P. sativum cv. Melbourne Market 195.52 Commercial

T. subterraneum cv. Mt Barker N/A SARDIGRC
T. angustifolium Ferguson Cons. Park 1.46 Native 

vegetation

T. glanduliferum cv. Prima 0.74 SARDIGRC
V. faba cv. Coles Dwarf 

Prolific

1352.90 Commercial

1Numbers with prefix of SA refers to non-commercial accessions housed in the 

South Australian Research and Development Institute Genetic Resource Centre 

(SARDIGRC)
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Appendix 23: Origins of ecotypes of the woody species used in the experiments 

that commenced in 2004 at Mt Crawford and Kuitpo

Taxa Locality Mean seed 

mass (mg)

Per cent 

of sown 

mix

Land use

A. baileyana Balhannah 28.89 42 Roadside
A. baileyana Chidlow 20.53 21 Trailside
A. baileyana Hahndorf 24.67 37 Roadside
A. cultriformis Commercial 13.03 100 Unknown
A. longifolia Bridgewater N/A 50 Native 

vegetation

A. longifolia Stoneville 16.42 50 Native 

vegetation

A. saligna Brownhill Creek 20.14 33 Roadside

A. saligna Meningie 20.10 33 Waste ground
A. saligna Normanville 18.86 33 Coastal dunes
B. variegata Gawler 322.50 42 Street tree
B. variegata Hazelwood Park 300.71 58 Garden

C. proliferus Nangkita 20.81 25 Roadside
C. proliferus Mt Torrens 24.34 33 Roadside
C. proliferus Hahndorf 27.68 42 Roadside
C. scoparius Bridgewater 10.38 58 Native 

vegetation

C. scoparius Mylor 8.93 42 Native 

vegetation

C. siliqua Lyndoch 143.77 66 Street tree
C. siliqua Tanunda 168.65 33 Street tree
C. siliquastrum Hazelwood Park 24.12 50 Garden

C. siliquastrum Waite Campus 23.44 50 Arboretum
D. lignosus Robe 26.75 21 Native 

vegetation

D. lignosus Roleystone 28.56 21 Native 

vegetation

D. lignosus Strathalbyn 24.35 25 Garden
D. lignosus Woodville 30.78 33 Garden
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Taxa Locality Mean seed 

mass (mg)

Per cent 

of sown 

mix

Land use

D. rectum SA 12311 1.28 50 SARDIGRC
D. rectum SA 337241 1.13 50 SARDIGRC
G. monspessulana Brownhill Creek 7.65 50 Riparian

G. monspessulana Lenswood 6.15 50 Trailside
G. triacanthos Hazelwood Park 303.38 83 Garden

G. triacanthos St Georges 181.19 17 Street tree
P. lophantha Eaglehawk Neck 97.33 17 Native 

vegetation

P. lophantha Parawa 72.84 33 Roadside
P. lophantha Springmount 98.16 17 Roadside
P. lophantha Waterfall Gully 79.39 33 Roadside

P. pinnata Albany 7.24 92 Unknown
P. pinnata Mt Lofty 17.77 8 Garden
R. raetam Kadina 55.56 33 Rehabilitated 

vegetation

R. raetam Lipson 63.53 33 Roadside
R. raetam Robe 78.81 33 Roadside
S. japonicum Adelaide 159.32 33 Garden
S. japonicum Toorak Gardens 142.52 66 Street tree

U. europaeus Torrens Vale N/A 8 Pasture
U. europaeus Mylor 7.53 58 Native 

vegetation

U. europaeus Lobethal 5.85 25 Pasture
U. europaeus Lenswood N/A 4 Native 

vegetation

U. europaeus Paris Creek N/A 4 Roadside
1Numbers with prefix of SA refers to non-commercial accessions housed in the 

South Australian Research and Development Institute Genetic Resource Centre 

(SARDIGRC)
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Appendix 24: Origins of ecotypes of the herbaceous species used in the 

experiments that commenced in 2004

Taxa Locality/Cultivar 

(cv.)

Mean seed 

mass (mg)

Per cent of 

sown mix

Land use

A. pelecinus cv. Casbah 1.28 100 SARDIGRC
L. cosentinii Pink Lake 185.59 81 Roadside
L. cosentinii Cape Jervis 157.6 19 Native 

vegetation

L. odoratus cv. Bijou Mixed 84.30 50 Commercial
L. odoratus cv. Early Gigantea 

Multiflora

72.42 50 Commercial

L. tingitanus Fox Creek 119.37 38 Drain
L. tingitanus Claredon 111.14 19 Roadside
L. tingitanus Brownhill Creek 91.52 19 Roadside
L. tingitanus Delamere 115.13 25 Roadside
M. polymorpha cv. Circle Valley 2.71 50 SARDIGRC
M. polymorpha SA 314781 3.20 50 SARDIGRC
M. sativa Mintaro 2.48 37 Roadside
M. sativa cv. Hunter River 2.59 63 SARDIGRC
M. sulcatus SA 344761 5.15 100 SARDIGRC
T. alexandrinum cv. Bigbee 2.68 100 SARDIGRC
T. angustifolium Boya 1.91 25 Roadside
T. angustifolium Cape Jervis 1.50 25 Native 

vegetation

T. angustifolium Ferguson Cons. 

Park

1.46 25 Native 

vegetation

T. angustifolium Stoneville 1.60 25 Trailside
T. glanduliferum cv. Prima 0.74 100 SARDIGRC
V. faba cv. Coles Dwarf 

Prolific

1352.90 100 Commercial

V. sativa Biggs Flat 21.63 25 Roadside
V. sativa Brownhill Creek N/A 25 Roadside
V. sativa Parawa 26.74 50 Roadside
1Numbers with prefix of SA refers to non-commercial accessions housed in the 

South Australian Research and Development Institute Genetic Resource Centre 

(SARDIGRC)
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Appendix 25: Significance of comparisons between woody impact groups and 

unassessed species at Mt Crawford for the experiment commencing in 2003

Comparison Plant numbers

Major vs. moderate **

Major vs. no **

Moderate vs. no **

Major vs. D. rectum **

Major vs. G. triacanthos **

Major vs. R. raetam **

Moderate vs. D. rectum n.s.

Moderate vs. G. triacanthos **

Moderate vs. R. raetam **

No vs. D. rectum **

No vs. G. triacanthos n.s.

No vs. R. raetam **

Major vs. moderate. disturbance n.s.

Major vs. no. disturbance **

Moderate vs. no. disturbance **

Major vs. D. rectum. disturbance **

Major vs. G. triacanthos. disturbance *

Major vs. R. raetam. disturbance *

Moderate vs. D. rectum. disturbance **

Moderate vs. G. triacanthos. disturbance *

Moderate vs. R. raetam. disturbance n.s.

No vs. D. rectum. disturbance n.s.

No vs. G. triacanthos. disturbance n.s.

No vs. R. raetam. disturbance n.s.

Major vs. moderate. time *

Major vs. no. time **

Moderate vs. no. time **

Major vs. D. rectum. time n.s.

Major vs. G. triacanthos. time *

Major vs. R. raetam. time **
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Comparison Plant numbers

Moderate vs. D. rectum. time *

Moderate vs. G. triacanthos. time *

Moderate vs. R. raetam. time *

No vs. D. rectum. time *

No vs. G. triacanthos. time n.s.

No vs. R. raetam. time **

Major vs. moderate. disturbance. time n.s.

Major vs. no. disturbance. time *

Moderate vs. no. disturbance. time *

Major vs. D. rectum. disturbance. time n.s.

Major vs. G. triacanthos. disturbance. time n.s.

Major vs. R. raetam. disturbance. time n.s.

Moderate vs. D. rectum. disturbance. time n.s.

Moderate vs. G. triacanthos. disturbance. time n.s.

Moderate vs. R. raetam. disturbance. time n.s.

No vs. D. rectum. disturbance. time n.s.

No vs. G. triacanthos. disturbance. time n.s.

No vs. R. raetam. disturbance. time n.s.

n.s = not significant; * P<.05; ** P≤.001

Appendix 26: Significance of comparisons between herbaceous impact groups 

and unassessed species at Mt Crawford for the experiment commencing in 2003

Comparison Plant numbers

Consequential vs. inconsequential **

Consequential vs. no **

Inconsequential vs. no *

Consequential vs. A. pelecinus **

Consequential vs. M. sulcatus **

Consequential vs. T. glanduliferum *

Inconsequential vs. A. pelecinus **

Inconsequential vs. M. sulcatus **
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Comparison Plant numbers

Inconsequential vs. T. glanduliferum **

No vs. A. pelecinus **

No vs. M. sulcatus **

No vs. T. glanduliferum **

Consequential vs. inconsequential. disturbance *

Consequential vs. no. disturbance n.s.

Inconsequential vs. no. disturbance n.s.

Consequential vs. A. pelecinus. disturbance n.s.

Consequential vs. M. sulcatus. disturbance n.s.

Consequential vs. T. glanduliferum. disturbance n.s.

Inconsequential vs. A. pelecinus. disturbance *

Inconsequential vs. M. sulcatus. disturbance n.s.

Inconsequential vs. T. glanduliferum. disturbance *

No vs. A. pelecinus. disturbance n.s.

No vs. M. sulcatus. disturbance n.s.

No vs. T. glanduliferum. disturbance n.s.

Consequential vs. inconsequential. time **

Consequential vs. no. time **

Inconsequential vs. no. time n.s.

Consequential vs. A. pelecinus. time **

Consequential vs. M. sulcatus. time **

Consequential vs. T. glanduliferum. time **

Inconsequential vs. A. pelecinus. time *

Inconsequential vs. M. sulcatus. time **

Inconsequential vs. T. glanduliferum. time **

No vs. A. pelecinus. time **

No vs. M. sulcatus. time **

No vs. T. glanduliferum. time **

Consequential vs. inconsequential. disturbance. time *

Consequential vs. no. disturbance. time n.s.

Inconsequential vs. no. disturbance. time n.s.

Consequential vs. A. pelecinus. disturbance. time n.s.
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Comparison Plant numbers

Consequential vs. M. sulcatus. disturbance. time n.s.

Consequential vs. T. glanduliferum. disturbance. time n.s.

Inconsequential vs. A. pelecinus. disturbance. time n.s.

Inconsequential vs. M. sulcatus. disturbance. time n.s.

Inconsequential vs. T. glanduliferum. disturbance. time n.s.

No vs. A. pelecinus. disturbance. time n.s.

No vs. M. sulcatus. disturbance. time n.s.

No vs. T. glanduliferum. disturbance. time n.s.

n.s = not significant; * P<.05; ** P<.001

Appendix 27: Significance of comparisons between woody impact groups and 

unassessed species at Mt Crawford for the experiment commencing in 2004

Comparison Plant numbers

Major vs. moderate **

Major vs. no **

Moderate vs. no **

Major vs. D. rectum **

Major vs. G. triacanthos **

Major vs. R. raetam **

Moderate vs. D. rectum n.s.

Moderate vs. G. triacanthos **

Moderate vs. R. raetam **

No vs. D. rectum **

No vs. G. triacanthos n.s.

No vs. R. raetam **

Major vs. moderate. disturbance *

Major vs. no. disturbance *

Moderate vs. no. disturbance n.s.

Major vs. D. rectum. disturbance **

Major vs. G. triacanthos. disturbance n.s.

Major vs. R. raetam. disturbance **
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Comparison Plant numbers

Moderate vs. D. rectum. disturbance *

Moderate vs. G. triacanthos. disturbance n.s.

Moderate vs. R. raetam. disturbance *

No vs. D. rectum. disturbance n.s.

No vs. G. triacanthos. disturbance n.s.

No vs. R. raetam. disturbance *

Major vs. moderate. time **

Major vs. no. time **

Moderate vs. no. time **

Major vs. D. rectum. time **

Major vs. G. triacanthos. time **

Major vs. R. raetam. time *

Moderate vs. D. rectum. time **

Moderate vs. G. triacanthos. time **

Moderate vs. R. raetam. time n.s.

No vs. D. rectum. time **

No vs. G. triacanthos. time n.s.

No vs. R. raetam. time **

Major vs. moderate. disturbance. time n.s.

Major vs. no. disturbance. time n.s.

Moderate vs. no. disturbance. time n.s.

Major vs. D. rectum. disturbance. time n.s.

Major vs. G. triacanthos. disturbance. time n.s.

Major vs. R. raetam. disturbance. time n.s.

Moderate vs. D. rectum. disturbance. time n.s.

Moderate vs. G. triacanthos. disturbance. time n.s.

Moderate vs. R. raetam. disturbance. time n.s.

No vs. D. rectum. disturbance. time n.s.

No vs. G. triacanthos. disturbance. time n.s.

No vs. R. raetam. disturbance. time n.s.

n.s = not significant; * P<.05; ** P<.00
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Appendix 28: Significance of comparisons between herbaceous impact groups 

and unassessed species at Mt Crawford for the experiment commencing in 2004

Comparison Plant numbers

Consequential vs. inconsequential **

Consequential vs. no *

Inconsequential vs. no **

Consequential vs. A. pelecinus n.s.

Consequential vs. M. sulcatus **

Consequential vs. T. glanduliferum *

Inconsequential vs. A. pelecinus **

Inconsequential vs. M. sulcatus **

Inconsequential vs. T. glanduliferum n.s.

No vs. A. pelecinus n.s.

No vs. M. sulcatus n.s.

No vs. T. glanduliferum **

Consequential vs. inconsequential. disturbance *

Consequential vs. no. disturbance n.s.

Inconsequential vs. no. disturbance n.s.

Consequential vs. A. pelecinus. disturbance n.s.

Consequential vs. M. sulcatus. disturbance n.s.

Consequential vs. T. glanduliferum. disturbance n.s.

Inconsequential vs. A. pelecinus. disturbance n.s.

Inconsequential vs. M. sulcatus. disturbance n.s.

Inconsequential vs. T. glanduliferum. disturbance n.s.

No vs. A. pelecinus. disturbance n.s.

No vs. M. sulcatus. disturbance n.s.

No vs. T. glanduliferum. disturbance n.s.

Consequential vs. inconsequential. time **

Consequential vs. no. time **

Inconsequential vs. no. time **

Consequential vs. A. pelecinus. time n.s.

Consequential vs. M. sulcatus. time n.s.

Consequential vs. T. glanduliferum. time **
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Comparison Plant numbers

Inconsequential vs. A. pelecinus. time **

Inconsequential vs. M. sulcatus. time **

Inconsequential vs. T. glanduliferum. time n.s.

No vs. A. pelecinus. time n.s.

No vs. M. sulcatus. time *

No vs. T. glanduliferum. time **

Consequential vs. inconsequential. disturbance. time n.s.

Consequential vs. no. disturbance. time n.s.

Inconsequential vs. no. disturbance. time n.s.

Consequential vs. A. pelecinus. disturbance. time n.s.

Consequential vs. M. sulcatus. disturbance. time n.s.

Consequential vs. T. glanduliferum. disturbance. time n.s.

Inconsequential vs. A. pelecinus. disturbance. time n.s.

Inconsequential vs. M. sulcatus. disturbance. time n.s.

Inconsequential vs. T. glanduliferum. disturbance. time n.s.

No vs. A. pelecinus. disturbance. time n.s.

No vs. M. sulcatus. disturbance. time n.s.

No vs. T. glanduliferum. disturbance. time n.s.

n.s = not significant; * P<.05; ** P<.001

Appendix 29: Significance of comparisons between woody impact groups and 

unassessed species at Kuitpo

Comparison Plant numbers

Major vs. moderate **

Major vs. no **

Moderate vs. no **

Major vs. D. rectum **

Major vs. G. triacanthos **

Major vs. R. raetam **

Moderate vs. D. rectum **

Moderate vs. G. triacanthos **
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Comparison Plant numbers

Moderate vs. R. raetam **

No vs. D. rectum **

No vs. G. triacanthos n.s.

No vs. R. raetam **

Major vs. moderate. disturbance **

Major vs. no. disturbance n.s.

Moderate vs. no. disturbance **

Major vs. D. rectum. disturbance n.s.

Major vs. G. triacanthos. disturbance n.s.

Major vs. R. raetam. disturbance **

Moderate vs. D. rectum. disturbance **

Moderate vs. G. triacanthos. disturbance **

Moderate vs. R. raetam. disturbance *

No vs. D. rectum. disturbance n.s.

No vs. G. triacanthos. disturbance n.s.

No vs. R. raetam. disturbance **

Major vs. moderate. time **

Major vs. no. time **

Moderate vs. no. time **

Major vs. D. rectum. time **

Major vs. G. triacanthos. time **

Major vs. R. raetam. time *

Moderate vs. D. rectum. time **

Moderate vs. G. triacanthos. time **

Moderate vs. R. raetam. time **

No vs. D. rectum. time **

No vs. G. triacanthos. time n.s.

No vs. R. raetam. time **

Major vs. moderate. disturbance. time n.s.

Major vs. no. disturbance. time n.s.

Moderate vs. no. disturbance. time n.s.

Major vs. D. rectum. disturbance. time n.s.
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Comparison Plant numbers

Major vs. G. triacanthos. disturbance. time n.s.

Major vs. R. raetam. disturbance. time n.s.

Moderate vs. D. rectum. disturbance. time n.s.

Moderate vs. G. triacanthos. disturbance. time n.s.

Moderate vs. R. raetam. disturbance. time n.s.

No vs. D. rectum. disturbance. time n.s.

No vs. G. triacanthos. disturbance. time n.s.

No vs. R. raetam. disturbance. time n.s.

n.s = not significant; * P<.05; ** P<.001

Appendix 30: Significance of comparisons between herbaceous impact groups 

and unassessed species at Kuitpo

Comparison Plant numbers

Consequential vs. inconsequential **

Consequential vs. no **

Inconsequential vs. no **

Consequential vs. A. pelecinus **

Consequential vs. M. sulcatus **

Consequential vs. T. glanduliferum **

Inconsequential vs. A. pelecinus **

Inconsequential vs. M. sulcatus **

Inconsequential vs. T. glanduliferum **

No vs. A. pelecinus **

No vs. M. sulcatus *

No vs. T. glanduliferum **

Consequential vs. inconsequential. disturbance n.s.

Consequential vs. no. disturbance n.s.

Inconsequential vs. no. disturbance n.s.

Consequential vs. A. pelecinus. disturbance *

Consequential vs. M. sulcatus. disturbance n.s.

Consequential vs. T. glanduliferum. disturbance *
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Comparison Plant numbers

Inconsequential vs. A. pelecinus. disturbance n.s.

Inconsequential vs. M. sulcatus. disturbance n.s.

Inconsequential vs. T. glanduliferum. disturbance n.s.

No vs. A. pelecinus. disturbance *

No vs. M. sulcatus. disturbance n.s.

No vs. T. glanduliferum. disturbance n.s.

Consequential vs. inconsequential. time **

Consequential vs. no. time **

Inconsequential vs. no. time **

Consequential vs. A. pelecinus. time **

Consequential vs. M. sulcatus. time **

Consequential vs. T. glanduliferum. time **

Inconsequential vs. A. pelecinus. time **

Inconsequential vs. M. sulcatus. time **

Inconsequential vs. T. glanduliferum. time **

No vs. A. pelecinus. time **

No vs. M. sulcatus. time **

No vs. T. glanduliferum. time **

Consequential vs. inconsequential. disturbance. time n.s.

Consequential vs. no. disturbance. time n.s.

Inconsequential vs. no. disturbance. time n.s.

Consequential vs. A. pelecinus. disturbance. time n.s.

Consequential vs. M. sulcatus. disturbance. time n.s.

Consequential vs. T. glanduliferum. disturbance. time n.s.

Inconsequential vs. A. pelecinus. disturbance. time n.s.

Inconsequential vs. M. sulcatus. disturbance. time n.s.

Inconsequential vs. T. glanduliferum. disturbance. time n.s.

No vs. A. pelecinus. disturbance. time n.s.

No vs. M. sulcatus. disturbance. time n.s.

No vs. T. glanduliferum. disturbance. time n.s.

n.s = not significant; * P<.05; ** P<.001
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