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Summary   Many farmers adopt integrated weed 
management (IWM) only when forced to by herbicide 
resistance, probably because of short-term costs and 
diffi culties in management. Furthermore, while IWM 
packages address individual weed species, paddocks 
usually have a range of species and it is diffi cult for 
growers to determine the optimal management for all 
species present. Suppression of one or two species 
will often lead to an increase in the others with little 
or no effect on the overall weed burden. Can the costs 
of weeds be reduced, and the ease of management in-
creased, by developing control tactics for ‘functional’ 
groups of weeds rather than individual species? 

Weed species could be placed in ‘functional’ 
groups according to their a) biological characteristics 
(e.g. seed dormancy or shattering), b) phenological 
development (emergence, early growth, fl owering 
and seed development), and/or c) responses to man-
agement, including herbicides, tillage, or associated 
crop/pasture species. By placing weeds in groups, a 
number of windows of opportunity could be developed, 
for example, by tailoring optimal herbicide mixtures, 
early or late timings of herbicide application, and time 
of cutting in pastures or forages. Such an approach 
would place less selection pressure on individual weed 
species and help to minimise herbicide resistance 
development however it may result in shifts in domi-
nance to diffi cult-to-control species. The prediction 
of spread and changes of abundance of species may 
also be improved. In this paper we consider whether 
weed functional groups can be defi ned in a way that 
may lead to improved weed management in cropping 
systems.
Keywords    Ecology,  IWM,  phenology,  herbicide ef-
fi ciency,  responses to management,  incursions.

INTRODUCTION
Weeds cost broad-acre crop growers on average 
$70 ha-1 each year in chemicals or lost production. 
Herbicides are easy to use and cost-effective in the 
short-term but farming systems that rely solely on 
herbicides are not sustainable because of herbicide 
resistance and the accumulation of herbicide residues. 

Integrated Weed Management (IWM) uses non-
chemical management tools as well as herbicides. A 
good IWM system will not only delay the onset of re-
sistance, but improve overall herbicide performance.

Trends over the last 20 years to conservation farm-
ing and crop diversifi cation provide benefi ts in profi ts 
and improved soil condition but there are also risks 
associated with weed management and herbicide de-
pendency. Diffi culties that can develop include shifts in 
weed problems (including herbicide resistance), poor 
herbicide effi cacy, and reduced crop competitive abil-
ity. When farmers move to conservation farming the in-
fi eld environment changes and weeds that are adapted 
to the altered conditions become more prominent.

Changes in population composition and species 
dominance have been widely recorded in cropping 
systems. Under reduced tillage, weed seeds are usu-
ally concentrated on or near the soil surface, biennial or 
perennial species tend to dominate, and wind dispersed 
species are also often favoured, although climatic and 
soil interactions result in considerable variation in re-
sponses (e.g. Derksen et al. 1993).

Complex weed problems require planning and 
timely execution for IWM to minimise both weed 
impacts and seed bank replenishment. D’Emden and 
Llewellyn (2004) found that weed management issues 
were the main reason why many growers were reducing 
their use of no-till. However, growers were reluctant 
to adopt IWM practices in the belief that there would 
always be herbicide products available for in-crop 
weed control (Llewellyn et al. 2002), in conjunction 
with higher short-term costs and greater diffi culty in 
management. Managing weeds as a community rather 
than targeting individual species may improve the ef-
fi ciency and stability of weed management in cropping 
systems and increase adoption of IWM.

COMMUNITIES AND FUNCTIONAL GROUPS
Weed management is generally based on an under-
standing of the biology and control of individual spe-
cies in pastures or crops at the paddock level. However, 
weeds rarely occur in isolation but rather as part of 
a community. Individual species within a paddock 
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interact and when one species or group of species is 
removed or suppressed, other species (either new or 
already present) can invade and/or become dominant. 
The weed community in any paddock results from 
previous management practices (crop/pasture rotation, 
tillage, sowing time, row spacing, fertiliser application, 
weed management, and interactions with soil type and 
weather conditions) and the introduction of seeds or 
vegetative propagules from elsewhere. Weed seeds can 
spread short or long distances by natural dehiscence 
mechanisms, wind, water, animals, and human activi-
ties (e.g. contamination of seed or machinery).

The concept of community assembly, a branch of 
ecology that examines changes in plant communities 
over time, may be a useful framework for improved 
weed management in agricultural systems (Booth and 
Swanton 2002). Dispersal constraints and environmen-
tal factors infl uence which species enter a community, 
while interspecifi c dynamics (e.g. competition) and 
environmental factors or ‘fi lters’ (e.g. tillage, crop 
rotation, herbicide, weather) lead to changes in com-
munity composition over time. Dispersal constraints 
and adaptive ability determine the geographic species 
pool (or regional weed fl ora), while environmental 
constraints and dynamics between species determine 
the community in a paddock. Booth and Swanton 
(2002) suggested a trait-based approach to com-
munity assembly based on vegetative, reproductive 
and agricultural-specifi c traits for the classifi cation 
of weed species.

Weed functional groups contain species with similar 
sets of traits or responses and can be based on a) biologi-
cal characteristics, and/or b) growth responses to environ-
mental variables and farm management practices. Weeds 
are already classifi ed according to broad functional 
groupings based on life cycle (annual, biennial, peren-
nial) or leaf type (grass, broadleaf). Can weed functional 
groups be defi ned in more meaningful ways?

USING BIOLOGICAL TRAITS
A number of studies have placed weeds in functional 
groups according to their biological characteristics. 
Baker (1965), Parsons (1973) and, more recently, 
Maillet and Lopez-Garcia (2000) described charac-
teristics of the ‘ideal weed’ based on plant traits such 
as plant size, habit, dispersal mechanism, longevity, 
and seed dormancy. Newsome and Noble (1986) de-
scribed eco-physiological groups of successful weeds, 
including ‘gap grabbers’, ‘competitors’, ‘survivors’, 
and ‘swampers’. Maillet and Lopez-Garcia (2000) 
considered adaptation to periodic disturbance, high 
relative growth rate, response to fertility, short grow-
ing season, and natural distribution to be important 
criteria for predicting invasiveness. In general, most 

weeds are persistent in cropping systems due to broad 
environmental adaptation for germination and rapid 
establishment, high early growth rates leading to early 
reproductive maturity, prolifi c seed production and dis-
persal. Such approaches are useful in trying to predict 
the invasiveness and success of new weed incursions 
in cropping systems and require further research under 
Australian conditions.

Placing weed species in functional groups based 
on patterns of phenological development may improve 
effi cacy of weed control at the patch or paddock level. 
The timing of most weed control tactics (both chemical 
and non-chemical) is critical and requires an under-
standing of weed phenology. The important phenologi-
cal stages are seedling emergence, early leaf develop-
ment, fl owering and reproductive duration, and seed 
production. Herbicide applications depend on weed 
growth stage, from early post-emergence application 
at the 2–5 leaf stage to reduce competition, to later 
applications (e.g. during reproductive development) 
to stop seed set and seedbank replenishment. In this 
regard, functional groupings could relate to ‘early’, 
‘mid’ or ‘late’ timings of control. The duration of the 
phenological stage will determine the length of the 
‘window of opportunity’ for each particular control 
tactic.

Within a weed community there is always consid-
erable variation in phenological development. Prelimi-
nary research is required at the regional level to deter-
mine if weed functional groups can be defi ned based on 
weed phenology. The impact of environmental factors, 
in particular, seasonal conditions, on the robustness of 
the groups also needs to be determined.

USING RESPONSES TO MANAGEMENT
Weed functional groups based on species responses 
to crop management practices and interactions with 
seasonal factors may also improve practical weed 
management. The responses of cropping weed species 
to herbicides are reasonably well understood for the 
major weed species but more information is required 
on the effi cacy of herbicides for potential new weed 
problems. Studies on the impact of weather conditions 
on herbicide effi cacy show promise for improving the 
precision of weed control recommendations (Andrews 
et al. 2004). A weed functional group based on re-
sponses to herbicides is possible and could lead to the 
development of optimal herbicide recommendations 
for individual weed populations. Targeting a com-
munity of weed species will provide ‘free control’ of 
some species. Other benefi ts could include better risk 
management, less herbicides used and lower costs.

Weed species are already classifi ed according 
to ‘susceptibility’ or ‘resistance’ to herbicides. This 
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classifi cation could be extended to include ‘tolerant’ 
species, that have yet to develop resistance but that have 
a high risk of developing it. Functional groups could 
also be based on the number of herbicides effective on 
a species (e.g. <2, 2–5, >5 herbicide treatments): this 
gives an indication of the range of options available if 
herbicide resistance develops. Both of these groupings 
could assist in the prediction of species and groups with 
greater risk of developing herbicide resistance.

Predicting the responses of individual weed spe-
cies to changing cropping systems (e.g. tillage, crop 
rotation, stubble retention, fertiliser regime etc.) has 
proven diffi cult in the past due to the many complex in-
teractions between biological traits, growth responses 
and seasonal conditions as mentioned earlier. Crop 
rotation is generally the factor that has the largest 
impact on changes in weed species composition over 
time (e.g. Légère and Samson 1999, Derksen et al. 
2002). Cropping weed species could be classifi ed 
into functional groups for ‘low’, ‘medium’ and ‘high’ 
risk of future weed impact and diffi culty of control 
in various crops or pasture types. This classifi cation 
would be based on the characteristics that are likely to 
make weeds persistent once introduced into a paddock. 
This would help convince farmers of the importance 
of controlling high risk new incursions before they 
spread and become a major problem. Randall (2000) 
developed a simple ranking system for prioritising en-
vironmental weeds. A similar system could be devised 
for agricultural weeds by using characteristics such as 
seed dormancy, competitive ability, seed production, 
herbicides available for control, seed dispersal, other 
control options available, and weed status in original 
range. 

CONCLUSIONS
The application of a functional group approach to 
management of weeds in cropping systems should 
encourage growers to develop a better knowledge of 
weed problems in individual paddocks, and improve 
the effi ciency and ease of weed management. The 
information could result in decision-support tools 
for growers and agronomists. A functional group 
categorisation could also be used to examine changes 
in community structure over time, and to enhance 
predictions of weed invasiveness and success in crop-
ping systems. This area requires further attention. In 
addition, it is also important to remember that while 
targeting individual species may cause other species 
to become problematic, targeting functional groups 
may lead to similar problems. Once the feasibility 
of placing cropping weed species into meaningful 
functional groups has been established in a pilot study, 
an economic analysis of the benefi ts and costs of using 

weed functional groups should also be undertaken. 
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