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SPECIES SUMMARY 

Lotus corniculatus L. is known as birdsfoot trefoil due to the shape of its umbels (collection of seed pods) (McLaughlin and Clarke, 1989). Herein referred to interchangeably as L. corniculatus L. or birdsfoot trefoil, the plant is one of some 180 annual and perennial species which comprise the Lotus genus (Ayres et al., 2006).   Lotus is native to Europe, North Africa and parts of Asia; though there is significant agronomic use in North and South America, Europe and Australasia (Ayres et al., 2007).  In the United States, birdsfoot trefoil accounts for the largest proportion of the Lotus species used agriculturally, with around 1 million hectares of the pasture in use (Blumenthal and McGraw, 1999).  

Birdsfoot trefoil (BFT) is a perennial legume pasture plant with a taproot similar to lucerne (Medicago sativa L.).  It is an erect and prostrate outcrossing species, which has been found to be an excellent non-bloating forage which has softer stems and higher carbohydrate content than lucerne and clover (Bennett, 2003).  Further it is productive on infertile soils (Ayres et al., 2007; Bennett, 2003; Blumenthal and McGraw, 1999) ranging from poorly drained to drought soils and in acid to mildly alkaline conditions (Bennett, 2003).  It is often referred to as poor-land lucerne based on its ability to do well on soils which are more acid, dryer, prone to water-logging and less fertile than those in which lucerne thrives (Blumenthal and McGraw, 1999).  

There have been attempts to use birdsfoot trefoil in Australian pasture systems.  These have been limited in the first instance by the need for specific rhizobia required for this leguminous species (Ayres et al., 2008) and secondly by insufficient photoperiod (daylight hours) at areas of low latitude to allow full expression of the plant’s reproductive processes (Ayres et al., 2007; Blumenthal and McGraw, 1999).  These factors have contributed to the pasture having poor persistence and thus low adoption.  One commercial cultivar, Grasslands Goldie, developed in New Zealand, has been available commercially in Australia together with an effective inoculant.  Still, adoption of Grasslands Goldie has been limited to pasture demonstrations (Ayres et al., 2008) because the flowering and seed set of this variety has remained limited by photoperiod and therefore not been a persistent pasture.

Birdsfoot trefoil was identified by the Cooperative Research Centre for Plant Based Management of Dryland Salinity (CRC PBMDS) as a perennial pasture plant with the potential to reduce excess water recharge of groundwater systems that leads to salinisation of Australian landscapes.  So that this plant might offer a viable pasture alternative with persistence, breeding efforts have been focused on selection of lines for enhanced seedling recruitment and population density (Kelman and Ayres, 2004) and more specifically adapting cultivars to a shorter photoperiod and therefore improve flowering and seed production (Ayres et al., 2008).  Success in the program has lead to the development of three new varieties which present Australian farmers with new perennial legume options which are adapted to low soil fertility and highly variable climatic conditions but also helps farmers manage recharge of groundwater systems (Ayres et al., 2007).  The new birdsfoot trefoil cultivars which have provisional Plant Breeders Rights (PBR) protection are ‘Phoenix’, ‘Venture’ and ‘Matador’ (Ayres et al., 2008).
INVASIVENESS

1. Does the species have a documented environmental weed history?

a) Is an environmental weed in Australia

b) Is an environmental weed overseas

c) Species not known to be an environmental weed but there are environmental weed species in the genus

d) Genus has no known environmental weeds

The species is listed in weed sources in Australia and internationally (particularly USA), but general consensus is that it is not a serious weed.  It is generally only a weed of disturbance and fringes due to intolerance to shade and weak ability to establish.  There are several species in the genus that are considered environmental weeds, e.g. L. suaveolens, L. uliginosus in Australia (Groves et al 2003).  The species is widely escaped in USA primarily on roadsides, orchards, lawns and “waste” places. However, also occurs in disturbed (human or natural disturbance) native vegetation, “most notably in swales immediately inland of coastal dunes” (DiTomaso and Healy 2007). Related L. purshianus inhabits “open, often disturbed places, including those in chaparral, forests, riparian and coastal areas throughout California…, to 2400 m” (DiTomaso and Healy 2007). However, L. corniculatus was evaluated but not listed as an invasive plant in California, being primarily a turf or agricultural weed (Cal-IPC 2006).

L. corniculatus is widely naturalised in SE Australia (see Australia’s Virtual Herbarium), but this in itself does not equal environmental weed status. At least seven Lotus species have naturalised in SE Australia (Richardson et al. 2006) in disturbed sites – gardens, pasture, grassland, roadsides.  L. corniculatus is common in higher rainfall sites throughout New Zealand, though not specified as a weed of natural areas in Roy et al. (1998). However, L. tenuis is found in swamps (Roy et al. 1998). Global Compendium of Weeds lists many weed references for L. corniculatus and 32 other Lotus species with weed references (Randall 2007). 

2. What is the species’ ability to establish in competition with other plant competitors and pests, such as weeds or native species, in trial plots or other situations?  

a) Establishment superior to other plant species (90 - 100% establishment, other plants suppressed)

b) Establishment relatively unimpeded (50 - 89% establishment) 

c) Establishment impeded (10 - 49% establishment) 

d) Establishment impeded significantly (<10% establishment)

e) Don’t know

Seed requires scarification (Ayres, 2006) and inoculation (Ayres et al., 2008; Hughes and MacDonald, 1951) to achieve a higher rate of establishment. The literature considers the species to be small and slow growing, and doesn't compete very successfully with other plants, but once established can out compete other legumes and grasses on poor quality soil (not so on fertile soil).  In intact native vegetation, the establishment rate may be lower than observed in a pasture.  Being a weed of roadsides and disturbed areas, this suggests it can't compete in heavier vegetated areas. It does not grow well in shade (http://www.oardc.ohio-state.edu/weedguide/singlerecord.asp?id=400) . “Seedlings grow slowly and do not compete well with other vegetation” (DiTomaso and Healy 2007). 

3.  To what degree can the species tolerate herbivory pressure?

a) Is not palatable and is rarely grazed

b) Will tolerate continuous grazing for an extended period of time

c) Will tolerate rotational grazing all year round 

d) Will tolerate some grazing at particular times of the year

e) Has low tolerance to grazing, plants are easily killed

f) Don’t know

(Ayres et al., 2008; Blumenthal and McGraw, 1999; McGraw et al., 1986).  It can be removed by grazing if not managed correctly.

4.  What is the species’ ability to persist as a long-term sward or stand without management? 

a) Plant numbers increase substantially with successive reproductive cycles to form a near monoculture

b) Plant numbers remain at a steady level, persisting as a significant component of a mixed sward/stand

c) Plant numbers decline slowly over successive years so that it becomes a minor component of the vegetation

d) Plant numbers decline rapidly over successive years so that only occasional plants can be found

e) Don’t know

Plant numbers will generally remain steady for at least 10 years (Ayers, 2006), but without disturbance (such as grazing) plant numbers may gradually decline in native vegetation.

5.  Is the plant likely to rapidly colonise a site?

a) 
At least 30 plants are found growing > 5 m from the original plots in the second or third years after planting for annuals, or within 10 years for perennials

b) 
At least 30 plants are found growing > 1 m from the original plots in the second or third years after planting for annuals, or within 10 years for perennials

c) 
At least 5 plants are found growing > 1 m from the original plots in the second or third years after planting for annuals, or within 10 years for perennials 

d) 
No plants are found outside the plot, or plants are found growing within 1m of the original plots in the second or third years after planting for annuals, or within 10 years for perennials

e) 
Don’t know

Don’t know as data is not be available, however, with pods that snap open and eject seeds, and the hard seed likely to enable internal transport by animals (DiTomaso and Healy 2007) there is likely to be spread. Its wide distribution in Australia would indicate a reasonable dispersal ability, particularly after a ten year period.

6. Will the species establish and reproduce in low-nutrient Australian soils?

a) Establishment and reproductive ability uninhibited in low-nutrient soils

b) Establishment and reproductive ability reduced in low-nutrient soils 

c) Establishment and reproductively severely diminished in low-nutrient soils

d) Establishment and reproduction not likely in low-nutrient soils without soil additives

e) Don’t know

(Blumenthal and McGraw, 1999) Reproduction appears more dependent on day length and presence of rhizobia than fertility of the soil.  To be productive legume it will require adequate P, S. and Mo.

7. I. How likely is long-distance dispersal (>100m) by birds? 

a) Common

b) Occasional

c) Unlikely

d) Don’t know

(Ayres, 2006; Bueselinck, 2008)

7II. How likely is long-distance dispersal (>100m) by wild animals? 

a) Common

b) Occasional

c) Unlikely

d) Don’t know

Some dispersal may occur through digestion by wild animals, as it is considered probable that some seeds survive digestion through livestock.  Feral animals such as pigs may also spread the seed. Given hard-seededness, internal transport is possible. It is readily palatable. Lotus glaber is dispersed by hares (Vigrolio and Fernandez, 2006).

7III. How likely is long-distance dispersal (>100m) by water? 
a) Common

b) Occasional

c) Unlikely

d) Don’t know

Occasional - it does occur in riparian areas.  Water was identified as a dispersal mechanism by the Californian exotic pest plant council.  As it grows along waterway edges in damp areas, seeds could move downstream (DiTomaso and Healy, 2007).

7IV. How likely is long-distance dispersal (>100m) by wind? 

a) Common

b) Occasional

c) Unlikely

d) Don’t know

8I. How likely is long-distance dispersal (>100m) accidentally by people and vehicles? 
a) Common

b) Occasional

c) Unlikely

d) Don’t know

Seeds disperse via mud, soil movement, landscape maintenance, agricultural operations and other human activities (DiTomaso and Healy 2007)

8II. How likely is long-distance dispersal (>100m) accidentally by contaminated produce? 

a) Common

b) Occasional

c) Unlikely

d) Don’t know

It is suggested in the literature that birdsfoot trefoil (landrace that became known as ‘Empire’ ) came to the new world (New York State, USA) via fodder, ballast or saddle bagging (Ayres, 2006; Bueselinck, 2008). Seed and feed contaminant (DiTomaso and Healy 2007).
8III.  How likely is long-distance dispersal (>100m) accidentally by domestic/farm animals? 

a) Common

b) Occasional

c) Unlikely

d) Don’t know

Will be primary means of dispersal in grazed paddocks.  Spread by cattle (Doucette et al 2001). Likely to be dispersed by hoof action (Ayres, 2006; Bueselinck, 2008).  Small hard-seeded legume will be dispersed through grazing & dung pat cycle.

9I. What is the species’ minimum generation time? 

a) ( 1 year

b) 2-3 years

c) >3 years/never

d) Don’t know

Although juvenile plants can produce small amounts of seed at about 12 months after establishing (Ayres and Lane, 2007).

9II. What is the species’ average seed set?

a) High (>1000 m-2/year for woody species, >5000 m-2/year for herbaceous species)

b) Low

c) None

d) Don’t know

Where a birdsfoot trefoil cultivar is adapted to the daylength conditions, seed production is likely to be ca. 500 kg/ha i.e. 50 g/m2 (Ayres and Lane, 2007).
9III. What is the species’ seed persistence in the soil seedbank? 
a) > 5 years

b) 2-5 years

c) < 2 years

d) Don’t know

Though this will depend on the quality of the seed produced which varies throughout the year (McGraw et al., 1986).
9IV. Can the species’ reproduce vegetatively? 

a) Yes 

b) Slow 

c) No

d) Don’t know

(Hughes and MacDonald, 1951).  There are cultivars/ecotypes (e.g. Steadfast) that are rhizotomous, but those are not under investigation here.

IMPACTS

1. Could the species reduce the biodiversity value of a natural ecosystem, either by reducing the amount of biodiversity present (diversity and abundance of native species), or degrading the visual appearance?  

a) The species could significantly reduce biodiversity such that areas infested become low priorities for nature conservation and/or nature-based tourism

b) The species could have some effect on biodiversity and reduce its value for conservation and/or tourism 

c) The species would have marginal effects on biodiversity but is visually obvious and could degrade the natural appearance of the landscape

d) The species would not effect biodiversity or the appearance of natural ecosystems 

e) Don’t know

The species is a weed of disturbance and needs sunlight.  It is not a strong competitor, so it is doubtful it would reach densities in intact native vegetation that would have any significant effect on biodiversity.  The species will be very palatable to wildlife and readily grazed. In low nutrient natural landscapes it is unlikely to have an impact on tourism or degrade appearance. It is unlikely to reach sufficient density in most sites to have a nutrient effect with N-fixation unless there is considerable, frequent disturbance. Will not persist in natural grasslands without disturbance such as grazing and/or fire (Petryna et al. 2002).

2.  Does the species have a history of, or potential to in your view, of reducing the establishment of other plant species?  

a) The species can significantly inhibit the establishment of other plants (e.g. regenerating native vegetation) by preventing germination and/or killing seedlings, and/or the species forms a monoculture 

b) The species can inhibit the establishment of other plants and/or does/will become dominant

c) The species can cause some minor displacement by inhibiting establishment, but will not become dominant 

d) The species does not inhibit the establishment of other plants

e) Don’t know

There are no reported allelopathic effects of birdsfoot trefoil on companion species (JF Ayres, pers. comm.)  Once established, it may prevent regeneration of native species in disturbed areas, but data is lacking, and it is probable that the species may only reach a significant density at highly disturbed sites where native regeneration is unlikely. There may be a slight competitive advantage with annual regeneration from perennial rootstock.

3. Could the species alter the structure of any native ecosystems at risk of invasion from this species by adding a new strata level? 

a) Will add a new strata level, and could reach medium to high density

b) Will add a new strata level, but at low density

c) Will not add a new strata level 

d) Don’t know

Birdsfoot trefoil is a component of the tussocky grass strata (JF Ayres pers. Comm.).
4.  Could or does the species restrict the physical movement of people, animals, and/or water? 

a) Species infestations could become impenetrable throughout the year, preventing the physical movement of people, animals and/or water

b) Species infestations could significantly slow the physical movement of people, animals and/or water throughout the year

c) Species infestations could slow the physical movement of people, animals and/or water at certain times of the year or provide a minor obstruction throughout the year

d) Species infestations have no effect on physical movement

e) Don’t know

5. Is the species toxic to animals, have spines or burrs, or host other pests or diseases that could impact on native fauna and flora? 

a) Yes

b) No 

(Bennett et al., 2002).  Following breeding to reduce glycosides.

6.  Does the species have, or show the potential to have, a major effect on fire regime? 

a) Major effect on frequency and/or intensity 

b) Minor impact on frequency and/or intensity 

c) No effect 

d) Don’t know

Birdsfoot trefoil maintains green leaf even under severe moisture stress conditions so is not likely to be readily combustible (JF Ayres pers. comm.).

7I.  Could the species provide food or shelter for pest animals? 

a) Yes 

b) No 

c) Don’t know

Birdsfoot trefoil has a semi-erect habit and maintains a canopy ca. 30 cm height with ‘savannah-like’ distribution and optimal plant density of ca. 15-20 plants/m2 – the forage is palatable and nutritious to herbivores (kangaroos, rabbits etc.).  It is unlikely to cause an increase in pest animal numbers, and provide food or shelter above what native vegetation provides. There are other herbaceous legumes out there. L. corniculatus will not make control programs more difficult. 
7II. Does the species have, or show the potential to have, a major effect on nutrient levels?  

a) Will significantly increase soil nutrient levels

b) Will significantly decrease soil nutrient levels 

c) Will have minimal effect on soil nutrient levels

d) Don’t know

Being a perennial legume, the species is likely to accrete soil N (JF Ayres pers. comm.) But, at low densities in intact vegetation, it is unlikely to significantly impact on nutrient levels.  It may have more of an effect on roadsides and disturbed areas, which may facilitate further weed invasion. 
7III. Could the species reduce water quality or cause silting of waterways? 
a) Will significantly reduce water quality or cause silting of waterways

b) May have some effect on water quality or silting of waterways in a small number of ecosystems

c) Minor or no effect on water quality 

d) Don’t know

We could find no reports of the species negatively impacting on waterways and considered to be unlikely (JF Ayres, pers. comm.) as it generally doesn't occur at high density. It may reduce soil washing into streams if it colonises damp low-lying areas along creeks and streams in a small number of situations.
7IV. Does the species have, or show the potential to have, a major effect on the soil water table?  

a) Will significantly lower the water table

b) Will have no effect

c) Don’t know

It has the potential to decrease the water table in an agricultural setting, but is unlikely to affect the water table under intact native vegetation. 

DISTRIBUTION

Soil types selected: Sand, loams, non-cracking clay, cracking clay, calcareous earths, massive earths.
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