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Summary
The widespread adoption of perennial 
plants into Australian agriculture is an 
important strategy to improve adaptabil-
ity to changing climate and create more 
sustainable and diverse agricultural 
systems that are productive. To achieve 
this, species new to Australian agricul-
ture, and improved cultivars of existing 
agricultural species are required. To com-
plement this research, an environmental 
weed risk management strategy (WRM) 
has been developed specifi cally for per-
ennial pasture research programs, to 
minimize risk of new cultivars and land-
use systems to natural ecosystems. The 
strategy incorporates pre-trial screening, 
weed risk assessment, experimental site 
hygiene practices, and species manage-
ment guidelines. The weed risk assess-
ment protocol is operational in a multi-
state research program, and the other 
components are in early stages of devel-
opment. This strategy addresses the need 
for environmental weed risk manage-
ment in pasture research programs, and 
provides an operational environmental 
weed risk assessment protocol specifi -
cally for pasture species.

Introduction
Commercial plants that cause off-site dam-
age to natural ecosystems have received in-
creased scrutiny in recent years, including 
pasture and forage species (Cook and Dias 
2006). The economic cost to Australia of 
weeds is in excess of $4 billion p.a. (Sinden 
et al. 2004), and new data is continually 
emerging on the impact of invasive species 
on native biodiversity and ecological proc-
esses (Coutts-Smith and Downey 2006). 
There has been signifi cant effort placed on 
the prevention of new weed incursions in 
Australia, and the quarantine and biose-
curity measures at the Australian border 
greatly reduce the chance that a high im-
pact weed species will be imported (Wal-
ton 2001). However, there are a signifi cant 
number of exotic plants already present 
in Australia (>26 000 present and >2700 
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naturalized), and an estimated 20 000 na-
tive species (Orchard 1999) that could be-
come weeds of the future, with 606 native 
species already naturalized beyond their 
native range (Randall 2007).

The widespread adoption of perennial 
plant systems into Australian agriculture 
promises many benefi ts, such as improv-
ing adaptability to climate change, in-
creasing productivity and creating more 
sustainable and diverse agricultural sys-
tems (Dear and Ewing 2008). To achieve 
this, there is a need for the introduction 
of species new to agriculture (including 
native species), and the wider adoption of 
existing agricultural species. The selection 
and breeding of new agricultural species 
is typically a fi ve-stage process that begins 
with problem defi nition and goal setting, 
and proceeds through germplasm acqui-
sition, selection, breeding and fi eld-test-
ing, to commercialization of new cultivars. 
This process can take 10–15 years (Ewing 
2004). Within this research lies an under-
lying duty of care to minimize damage, 
injury, or economic loss to end users and 
the environment (Revell and Revell 2006). 
A recent innovation in forage research 
is the introduction of an environmental 
weed risk management (WRM) strategy 
into the Future Farm Industries CRC, for-
merly CRC for Plant-based Management 
of Dryland Salinity (Stone 2006). The CRC 
WRM strategy enables the identifi cation 
of environmental weed risk issues (risk 
to natural ecosystems) early in the plant 
selection and breeding process, to ensure 
valuable research time and resources are 
not wasted on species that are unlikely to 
be commercialized due to high weed po-
tential.

This is the fi rst formal adoption of en-
vironmental weed risk assessment in a 
multi-state perennial pasture research pro-
gram, and it specifi cally addresses weed 
risk from germplasm selection through to 
commercialization. 

Weed risk management strategy 
(WRM strategy)
There are four key components that consti-
tute this WRM strategy:
i. compliance with Federal and State 

legislation regarding species importa-
tion into and within Australia,

ii. weed risk assessment,
iii. experimental site hygiene practices,
iv. species management guidelines.
Each component is described in more de-
tail below.

Component i) Compliance with Federal 
and State import obligations
The acquisition of new germplasm for ag-
ricultural research involves physical col-
lection from targeted areas either interna-
tionally or within Australia, or acquisition 
through a Genetic Resource Centre (GRC). 
For plant material collected or originating 
overseas (including germplasm in GRCs) 
the Australian Quarantine and Inspection 
Service (AQIS) perform a stringent pre-
border import risk analysis that includes 
a weed risk analysis (WRA), to determine 
if importation is permitted. Implemented 
in 1997, all species are prohibited entry to 
Australia until a weed risk assessment is 
made. For species native to Australia there 
are no Federal restrictions on movement 
within Australia, with the exception of 
Western Australia (WA), where all plant 
species entering WA are required by the 
Western Australian Quarantine and In-
spection Service (WAQIS) to undergo an 
additional assessment for weed potential. 

The requirements of this component of 
the WRM strategy are fulfi lled by consult-
ing appropriate species lists for permitted, 
prohibited or controlled plants, such as 
the ICON database for AQIS assessments 
(www.aqis.gov.au), ‘the list’ for WAQIS 
assessments (www.agric.wa.gov.au) and 
individual noxious or declared plants lists 
for Australian states and territories. The 
removal of permitted genera from the fed-
eral Permitted Seeds List in 2007 resulted 
in several experimental agricultural spe-
cies no longer being permitted, and these 
must now undergo a formal import risk 
analysis. 

Component ii) Assess environmental 
weed risk of species 
At the post-border level, weed risk is 
typically assessed using three criteria: 
invasiveness, impacts and potential dis-
tribution (Anon. 2006). A WRA protocol 
has been developed as part of the overall 
WRM strategy, and is aimed specifi cally at 
assessing environmental weed potential 
of forage species. The protocol also dif-
fers from other post-border models in that 
the assessment process determines weed 
risk for native and exotic species, for each 
state in Australia. A category of weed risk 
is determined from answers to a series 
of questions in each of the three criteria, 
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using fi eld trial observations, published 
literature and intuitive knowledge of re-
searchers.

To determine the invasiveness of a spe-
cies, the questions are designed to evaluate 
whether the species is a weed elsewhere, 
the ability of the species to establish in 
existing vegetation, reproductive ability, 
dispersal ability, response to herbivory, 
persistence and ability to rapidly colonize 
a site. 

Questions regarding the impact of a 
species include whether the species re-
duces the establishment of desired plants, 
reduces quality of products or services, 
restricts physical movement, affects hu-
man or animal health, or affects ecosystem 
processes. 

The fi nal criterion in the WRA, poten-
tial distribution, is determined through a 
climatic analysis of the species overlayed 
with preferred soil and natural vegetation 
in a GIS framework. The climatic analy-
sis is done using the software CLIMATE, 
which was specifi cally designed for use in 
WRA (Barry 2006, Pheloung 1996). Global 
distribution data is obtained from a range 
of sources for each species, and entered 
into the program, which then generates a 
predicted climate match to Australia. Soil 
tolerances of the species and natural veg-
etation layers are added to determine the 
potential area of natural vegetation at risk 
from the species. 

Scores for each criterion are multiplied 
to determine a weed risk score, which 
equates to a category of weed risk; very 
high, high, medium, low or negligible. 
This result informs a decision matrix on 
how to best manage the promotion and 
development of the species of interest. For 
example, a species of very high weed risk is 
not pursued for any further development 
or promotion, whereas a species of me-
dium weed risk is examined more closely 
and a management plan for the species is 
developed (see Component iv). Examples of 
the decision process for two species, Secale 
strictum and Acacia saligna are shown in 
Figure 1. For a full description of the pro-
tocol, refer to Stone et al. (2008a).

Component iii) Experimental site 
hygiene practices (future protocol 
development)
The persistence and/or naturalization of 
potential pasture species from abandoned 
experimental sites has been documented 
in both northern (Lonsdale 1994) and 
southern (Emms and Virtue 2005) Austral-
ia. Post-trial persistence of species is the 
result of inadequate trial site hygiene, and 
suggestions for formal trial site hygiene 
protocol development have been made 
(Bennett and Virtue 2004, Emms and Vir-
tue 2005), but as yet there are no national 
guidelines or standards. 

Screening and selection of pasture spe-
cies occurs on public and private land, 

often across a range of environments, to 
evaluate plant performance under vari-
able stresses and conditions. Propagule 
pressure and human dispersal (intentional 
and unintentional) are major contributors 
to successful invasion by a plant spe-
cies (Caley and Kuhnert 2006, Martinez-
Ghersa and Ghersa 2006, Weber et al. in 
press). It is easy to see how the intentional 
dispersal of plants for experimental pur-
poses, if not managed, creates the poten-
tial for unintentional dispersal, and po-
tentially provides a niche environment or 
opportunity for a new plant invasion to 
begin. Guidelines on how to conduct these 
fi eld trials in an environmental risk man-
agement framework are clearly necessary, 

and some potential issues and actions to 
include in such guidelines for perennial 
pasture are shown in Table 1. A signifi -
cant issue for perennial pasture research 
can be the extended time to reproduc-
tive age, and potential for long-lived soil 
seedbanks, such as for some hard-seeded 
legumes. It is therefore important to con-
sider an appropriate time frame for site 
monitoring, which obviously has signifi -
cant resource implications, both fi nancial 
and administrative. This burden would 
need to be factored into research project 
costs, and funding bodies would need to 
understand and accept the importance of 
such activities. 

Strategy steps                    Examples of assessments

i) Satisfy import 
conditions

Secale strictum – 
import permitted into 
Australia but not into 
Western Australia

Acacia saligna – 
native to Western 
Australia

ii) Assess weed risk 
using CRC WRA, 
highlighting ‘weedy’ 
characters to monitor 
closely in trials

Negligible risk for SA, 
Vic and NSW
Characters:
- Shattering seed head 
- Seed persists in soil 
seedbank for at least 
two years
- Significant seed 
production
- Closely related to 
cereal rye, potential to 
host disease unknown
- Potential to hybridise 
with cereal rye unclear

Medium risk for WA
High risk for SA, Vic 
and NSW
Characters:
- Prolific seeder and
vigorous suckering
can occur with
disturbance
- Persistent seedbank 
greater than five years
- Weed history else-
where in eastern 
Australia and 
internationally
- Will out-compete 
native vegetation
- Forms dense thickets
- Broad soil suitability
- Hybridisation occurs 
between subspecies 

iii) Experimental site 
hygiene protocols 
including post-trial 
guidelines

Remove plantings from 
experimental sites at 
conclusion of trials and 
monitor for persistence

Remove plantings from 
experimental sites at 
conclusion of trials and 
monitor for persistence

iv) Incorporate 
management 
knowledge into 
guidelines for adoption

Can be promoted for 
adoption in SA, Vic 
and NSW

Not recommended 
for adoption outside 
WA

Figure 1. Summary of the four key components of the Weed Risk 
Management Strategy, with two examples of its application in a pasture 
research program (Acacia saligna, a native woody legume, Secale strictum, a 
perennial grass) (Stone et al. 2008b).
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Component iv) Species management 
guidelines (future protocol development) 
The commercial release of new pasture 
cultivars is usually accompanied by agro-
nomic information on optimization of es-
tablishment and growth, feed quality and 
suggested grazing practices. Embedded 
in these publications should also be man-
agement guidelines on how to minimize 
weed risk to natural ecosystems, because 
ultimately it is the land managers who will 
have the greatest infl uence on reducing 
weed risk of agricultural species. 

Based on the information obtained in 
a WRA, it is possible to determine some 
general rules that may minimize spread 
and invasion of the species of interest. 
For example, if dispersal mechanisms are 
known, actions may be taken to reduce 
dispersal potential, perhaps through 
grazing to reduce seed set, maintain-
ing a buffer zone between plantings and 
natural vegetation, and general hygiene 
measures to ensure vehicles and machin-
ery are propagule-free. If particular dis-
turbance regimes are required for recruit-
ment, then extra care may be suggested 
following this disturbance, such as after 
fl oods, fi re, drought or signifi cant soil ero-
sion. The effectiveness of the provision of 
such management guides to landholders 
is unknown, however signifi cant research 
on the uptake of conservation practices 
by landholders suggests technologies that 
have a high relative advantage to current 
practices and are readily testable on-farm 
are most likely to be adopted (Pannell et al. 
2006). Managing planted stands of some 
perennial species for environmental risk 
is likely to complement management for 
optimal production and profi t, which is 
another reason why integration of the in-
formation is important. 

In this strategy, species that have a me-
dium or high weed risk require manage-
ment guidelines to be written, and spe-
cies with a low weed risk have specifi c 

vegetation types at risk identified (if 
known) (Stone et al. 2008a). 

Other environmental risk: genetic 
contamination
Genetic contamination describes the 
movement of foreign genes from domes-
ticated or other non-local populations, 
into native populations via pollen. This 
may occur when non-local species have 
been introduced, such as the planting of 
native species for agriculture. Gene fl ow 
is an important process for maintaining 
the population genetic structure of spe-
cies by creating genetic continuity be-
tween populations and minimizing loss 
of genetic diversity through inbreeding. 
However, gene fl ow can have a negative 
impact on native populations if hybridi-
zation occurs (interbreeding between ge-
netically distinct populations), and either 
produces progeny of increased vigour 
(heterosis) or progeny of decreased vig-
our (outbreeding depression) compared to 
the parental populations (Byrne et al. 2008, 
Sampson and Byrne 2008). Investigation 
into two woody crop species, Eucalyptus 
loxophleba and Acacia saligna, revealed ex-
tensive pollen fl ow between planted and 
natural stands over a distance of 2 km. In 
A. saligna, there was more signifi cant pol-
len fl ow from the planted stand of one 
subspecies into the natural population 
of a different subspecies than vice versa 
due to the high fecundity of the planted 
stand compared to the remnant popula-
tion (Millar and Byrne 2007, Millar et al. 
2008, Sampson and Byrne 2008). 

The FFI CRC plans to incorporate ge-
netic risk management guidelines into 
the WRM strategy outlined here, to pro-
duce an overall environmental risk man-
agement framework. There is a need for 
further research on gene fl ow and its im-
pacts on natural populations, to inform 
guidelines on how to best manage genetic 
risk.

Conclusions
The investigation of new and existing per-
ennial species to ensure Australian agri-
culture is more productive, adaptable to 
climate variability and change, sustain-
able and diverse, poses many challenges, 
including selection of low environmen-
tal weed risk species. The environmental 
weed risk management strategy present-
ed here is an important addition to other 
duty of care processes that operate in a 
perennial pasture research program. The 
strategy raises environmental weed risk 
awareness among researchers, and when 
management guidelines are produced to 
accompany agronomic information, land-
managers will be engaged in risk manage-
ment. Future research into management 
methods and impact of species on natural 
ecosystems will enhance these procedures, 
and ensure that new farming systems de-
veloped do not impact adversely on natu-
ral ecosystems.
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