WEED RISK ASSESSMENT: Atriplex nummularia  
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SPECIES SUMMARY 

Atriplex nummularia, commonly known as Old Man Saltbush, has a wide natural distribution across the southern half of the Australian continent (Figure 1). There are three recognised subspecies:  Atriplex nummularia subsp. nummularia, Atriplex nummularia subsp. spathulata and Atriplex nummularia subsp. omissa. Atriplex nummularia (seldom with a distinction made between subspecies) has been widely planted in low rainfall, broad acre farming systems as a perennial pasture species on salt affected land. There is strong interest in further developing the species for use in livestock production systems, including selection and breeding for improved domestication traits.  The weed risk posed by A. nummularia in southern Australia may increase if traits such as improved pest and disease resistance, or tolerance to adverse environmental conditions, are selected for as part of the species domestication program. Problems may also arise if genetically differentiated provenances are moved around the continent. These issues are beyond the scope of this weed risk assessment but will need to be addressed as part of the domestication of A. nummularia.
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

Virtue and Melland (2003) say that neither Lazarides et al. (1997), Carr et al. (1992) or Hussey et al. (1997), list A. nummularia as a weed within Australia, however, citing N. Mallen as a pers. comm., they say that at Alice Springs the species has been observed to spread and become dominant in a revegetation area, and there are several other minor incidents of spread within SA described in the same report. It has also been observed to spread locally from plantings within the Western Australian Wheatbelt (W. O’Sullivan pers. comm.).  Spread is restricted, however, and generally into disturbed habitat, so it is not considered an environmental weed in Australia.

Saltbush are widely used for forage production on saline land(Lefroy et al. 1992). Internationally A. nummularia has been planted for fodder in South Africa (Henderson 1995) and has naturalised across wide areas of the country. It occurs in a number of vegetation types, mainly low rainfall <300 mm, succulent Karoo which is rocky hill country with succulents and dwarf shrubs and trees, savannah with steep slopes and low dense vegetation, and strandveld with low growing mostly succulent plants between coastal fynbos and succulent karoo (Henderson 1998). Personal communications cited by Zalba et al. (2000), says the species is establishing in California and Hawaii. It is also reported by Hickman (1996) as naturalising in southern coastal California.

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

Virtue and Melland (2003) say that Atriplex nummularia will not compete well with established vegetation. In South Africa and California where the species is naturalized, natural establishment is associated with major disturbance to existing vegetation. These authors conclude that the species will only establish in natural vegetation at a very low density.

In Western Australia, revegetation of farmland with Atriplex nummularia requires effective weed control for successful establishment. The species is recognised as having a poor ability to produce volunteer seedlings in saltland pasture systems (Barrett-Lennard and Malcolm, 1995).

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

While no specific information has been found regarding this, commercial experience has shown that saltbush and bluebush pastures can be used to maintain the condition of sheep over summer and autumn as a substitute to grain feeding (Lefroy et al. 1992). Livestock are observed to exhibit a preference for grazing this species, and are therefore likely to actively graze them. In areas where grazing is controlled the plants are able to recover rapidly when the grazing animals are excluded. The plant is able to grow to above the height of sheep, and plants in heavily grazed areas have been observed setting seed on occasional branches above the height of stock (W. O’Sullivan pers. comm.). 

It has been observed not to persist in areas where the plants have been overgrazed (Virtue and Melland 2003). Mitchell and Wilcox (1994) state that the species declines under heavy grazing in the Murchison and Gascoyne, and its presence here indicates good range condition.  In the Goldfields, where the plant is relatively common, they say that the plant increases under heavy grazing, and its dominance indicates poor range condition. This supports personal observation, that there are gaps in the distribution of the species in Western Australia, especially in overgrazed western areas (Gascoyne and Murchison regions). Anecdotal and herbarium records suggest the species may have been more wide spread in the past than is currently observed. Plants colonise road verge areas and mine disturbance areas of the Goldfields (pers obs).
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

The plant shows high rates of survival in revegetation work in Australia, both from direct seeding and seedling planting. Such work, involving site preparation, seed treatment and timing to ensure growing conditions are optimised may present a different picture to what happens in the natural environment (see below). Less success is reported from overseas, for example Abdul-Halim et al. (1990) found quite low survival rates (19 %) for 7-8 month old seedlings, although salinity in surface soil was 46-54 ds/m which may have caused the high plant death. 

Salt inhibits the germination of plants. Halophytes and cereals have approximately the same soil salt requirement for germination. Germination requirements are more exacting than the growth requirements for mature plants, for example, plants can be raised in the nursery and planted out into more saline conditions (Malcolm 1991). The bracteoles that encase the Atriplex seed inhibit germination, and their removal from the seed results in a rapid and high germination of the naked seeds (Donaldson 1990; Beadle 1952). This was validated by germination testing performed for the Search Project in Western Australia (Pat Ryan, pers. Comm.).  Donaldson (1990) found the seeds of Atriplex germinated equally well in the dark and in the light, and over a wide range of pH. It was determined that seeds are sensitive to deficient aeration, although waterlogging is not harmful to the seeds and they germinate when removed from the water-logged environment. All the Atriplex species germinated over a wide range of temperatures but germination was usually best at low temperatures with optima of between 20 and 25 deg C, with germination readily increased by soaking seeds in water.

In the wild, seed is more likely to germinate as bracteoles are leached by successive showers of rain. Beadle (1952) says that mats of dead Atriplex seedlings, usually in the cotyledon stage, are commonly seen especially in dry and drought years. These result from germination after rain that has been insufficient to support the continued growth of the plants. If such dry conditions continue for 10 years or more, the supply of seed in a local area is likely to be exhausted. 

In Pakistan, Mahmood et al. (1991) found the establishment of A. amnicola to vary with season, with the higher survival in winter than summer attributed to drought stress. This supports observations within the low rainfall natural range of the species in Western Australia, where regeneration of seedlings is more common in moisture gaining areas, such as runoff zones and spoon drains. Mahmood et al. (1991) also report survival was adversely affected by waterlogging. As A. nummularia is considered to have less waterlogging tolerance than A. amnicola (Barrett-Lennard and Malcolm, 1995), it is likely be at least as susceptible.  This is supported by a study by Zalba et al (2000) in Argentina, which concluded that A. nummularia would be capable of establishing itself in those places (within the studied reserve) subjected to sporadic floods, and on an old marine plain, but not in frequently flooded environments.
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

No specific reference on the phenology of flowering and seed production for the species has been found. A small number of plants have been observed to flower in the first year after planting, in particular male plants (R. Mazanec, Personal Communication) although seed production is unlikely to be significant. 

Wind dispersal of seed in its bracteole has been observed (W. O’Sullivan Pers. Obs), but this will not result in an even or particularly predictable distribution. Bracteoles accumulate in large numbers in hollows, roadside drains, and against obstacles such as branches and rocks. These may represent favourable niche environments, which can enhance survival i.e. lower, wetter, nutrient accumulating, sheltered.

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

Lal (2001) reports that Atriplex nummularia in India can produce 5-5 t dry matter /ha/yr under adverse conditions, and can grow well with only 150-200 mm annual rainfall.  The species has a wide distribution across much of semi-arid Australia. Observations made at the time of the germplasm collections for the FloraSearch program showed it to occur on a wide range of soil types, including low nutrient dune fields. 

Low salinity levels do not appear to have a deleterious effect on the growth of Atriplex spp and may actually stimulate growth.  High salinity levels however may cause a reduction in total growth of Atriplex spp especially in leaf biomass. Species of Chenopodiaceae commonly accumulate glycine betaine in the cytoplasm which acts as an osmoprotectant and can offset the high salinity concentration in the vacuole (Kahn et al 2000).

Atriplex nummularia shows increased growth with Mychorriza (Asghari et al. 2005; Asghari 2004; Plenchette and Duponnois 2005).
7. I. How likely is long-distance dispersal (>100m) by birds? 

a) Common

b) Occasional

c) Unlikely

d) Don’t know

The bracteole is not attractively coloured or flavoured, and is not fleshy to attract the interest of birds. No instances of the seeds surviving the passage through the digestive tract of a bird or animal have been reported.

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

a) Common

b) Occasional

c) Unlikely

d) Don’t know

The seed of Atriplex nummularia is encased in a smooth bracteole that will not stick to, and is unlikely to lodge in feathers, or fur.

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

b) Occasional

c) Unlikely

d) Don’t know

Seed of this species is adapted to spread by water (Virtue and Melland 2003). Additionally, the leaching of salts from the bracteole will potentially assist germination. The bracteole is light weight, easily moved by water. Additionally, wind will concentrate them into watercourses to facilitate this type of dispersal.

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

a) Common

b) Occasional

c) Unlikely

d) Don’t know

The morphology of the bracteole encasing A. nummularia seed facilitates ready dispersal by wind. Seed was observed being dispersed by strong winds across the flat plains of the Nullarbor by the FloraSearch germplasm collectors (W.O’Sullivan pers obs.).

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

b) Occasional

c) Unlikely

d) Don’t know

The seed is enclosed in a bracteole which is smooth, with no hooks, barbs or sticky coatings. While in the bracteole the seed is large and lightweight and unlikely to accidentally lodge in clothing or vehicles.

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

a) Common

b) Occasional

c) Unlikely

d) Don’t know

Areas targeted for revegetation with this species are generally treated as a separate land unit, developed for perennial grazing and separated from cropping areas. Although waterlogging mitigation earthworks will be common in these areas, disturbance of soil is generally localised, with material rarely removed from the site.

8III.  How likely is long-distance dispersal (>100m) accidentally by domestic/farm animals? 

a) Common

b) Occasional

c) Unlikely

d) Don’t know

The seed of Atriplex nummularia is encased in a smooth bracteole that will not stick to, and is unlikely to lodge in feathers, fur or wool. This type of dispersal problem has never been reported despite several decades of use in low rainfall perennial pasture systems.
9I. What is the species’ minimum generation time? 

a) ( 1 year

b) 2-3 years

c) >3 years/never

d) Don’t know

No specific reference on the phenology of flowering and seed production for the species has been found. Virtue and Melland (2003) say seed set is likely to occur within three years. Personal observations suggest that although some limited seed production occurs in the first and second years, it is not significant.
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

Fifty percent of plants in a population are male, producing no seed. The seed production on female plants is highly variable. Once ripe the seed, in its bracteole falls to the ground, but its retention close to the parent plant is determined by the local conditions.  If there is significant trash, or the site is sheltered, large quantities may accumulate. If the ground is bare and or exposed, little seed will accumulate.

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

Beadle (1958) tested seed viability of a number of Atriplex species over an eight year period.  Atriplex nummularia started with 92% viability when collected (year zero), had 62% viability at age five, and fell to 10% viability at age eight. It had the longest seed life of five Australian Atriplex species examined.
9IV. Can the species’ reproduce vegetatively? 

a) Yes 

b) Slow 

c) No

d) Don’t know

In Zalba et al’s (2000) work in Argentina, evaluations of habitat quality were done considering seed dispersion, though they state that A. nummularia is capable of successful propagation through vegetative mechanisms.  Variables such as floatability of propagules and direction and strength of currents are often decisive in the dispersion of salt marsh species.  Knowledge about them would allow a concentration of effort on the detection of possible invasions selecting those areas of suitable habitat that are accessible to colonisation by seed and vegetative shoots.  

The species is commonly propagated from cuttings, which are very easy to strike.

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 impact of revegetation programs with this species is likely to be positive, rather than negative. Some areas are rangelands within the natural distribution of the species, many of which have suffered from over grazing. Of the areas proposed for revegetation outside the endemic range of the species, most are cleared and declining farmland which are degraded in terms of biodiversity services and visual amenity.

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

Virtue and Melland (2003) suggest that at a low density A. nummularia would have marginal effects on establishment, biomass and diversity of local native plant species.

Work in Chile showed an increase in nutrients, potentially available to other plants, close to the plant, but a decrease immediately adjacent to the Atriplex nummularia (Torres 1999).  A thesis by Aliaga (1982), cited in Figeroa et al (2004), also working in Chile, reports an allelopathic effect from Atriplex nummularia inhibiting annual species in natural grasslands in arid northern Chile.
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

Through most of the target range of the plant it will not add a new stratum, but there is a possibility in some areas, especially grasslands or woodlands with a grassy understorey, that they may add an additional shrub layer.

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

Atriplex nummularia is a non-spiny shrub, at a low density in native vegetation it would have negligible impacts on movement of fauna or people in comparison to local native shrubs (Virtue and Melland 2003).

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

The species is being regarded as a fodder plant, and is being developed for this purpose. It does not have spines or burrs, and it hosts very few insects, possibly because of the high salt content of the leaves.
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

The low density of this species in its natural habitat, and low litter accumulation beneath the plants makes fire an uncommon occurrence (Barry Hooper pers. comm.). The high salt content of the foliage may also reduce the flammability of the plant.

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

a) Yes 

b) No 

c) Don’t know

Even where the species is recorded as spreading outside planted areas the density of plants is not great, meaning displacement of other species will be minimal. As a non-toxic shrub there will be some habitat and (minimal) food value to browsing animals, invertebrates and birds.  
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

Work in Chile showed an increase in nutrients, potentially available to other plants, close to the plant, but a decrease immediately adjacent to the Atriplex nummularia (Torres 1999).  Sharma and Tongway (1971), cited in Virtue and Melland (2003), report that the surface soil salinity beneath A. nummularia can be increased due to litter fall of leaves containing high concentrations of salt. This may impact on some species ability to utilize nutrients, but if plants maintain a low density in native vegetation as expected, this would be an insignificant impact at the ecosystem level.
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

The species does not persist in wet conditions, so will not invade permanent waterways.  May establish in ephemeral water courses in low rainfall areas, but plant density will be low and unlikely to lead to silt accumulation.  No reference to changes in water quality seen.

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

Knight et al (2002) showed that belts of Atriplex nummularia and Acacia saligna planted across farmland dried the deep soil profile under the belts. It is not possible to say how much of this effect was attributable to the different species in the belt. 

Work by Jones and Hodgekinson (1969) showed the plant to be deep rooted, to at least 3.5m, but also capable of producing a very fine, probably ephemeral, shallow root system to take advantage of brief wet periods.  

The ability of Atriplex nummularia to lower watertables on salt affected farmland, thereby improving the ability of the land to support grazing systems, is a key reason for its use in farmland revegetation
DISTRIBUTION

Soil types selected: Sands, Loams, Cracking clay, Calcareous earths, Massive earths
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