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Summary   Many herbaceous legumes are important 
economic plants that have also become a common 
component of the naturalised flora of temperate 
Australia. They have successfully infiltrated natural 
ecosystems, but species differ in their ability not only 
to naturalise but also in their weed impact. 

The level of impact of a naturalised plant species 
is an important determinant of its seriousness as a 
weed. Being able to distinguish minor weeds from 
those that cause large impacts allows species to be 
effectively prioritised for management. Identifying 
which biological characters are common only to the 
most, or conversely only to the least, weedy species 
would also be a useful predictive technique.

A number of seedling characters were explored 
in an attempt to distinguish between herbaceous leg-
umes of differing impact. A lower specific leaf area 
appeared to be a feature of the highest impact herba-
ceous legumes studied. A possible advantage of this 
may be the presence of some leaf defence mechanism 
to herbivory resulting in increased seedling survival 
and/or vigour. However, the importance of specific 
leaf area in the weed risk assessment of herbaceous 
legumes is questioned. 

Keywords    Legumes,  impacts,  weed risk assess-
ment,  specific leaf area,  herbivory.

INTRODUCTION
Most herbaceous legumes have a history as successful 
agricultural or horticultural plants in temperate Aus-
tralia. Many have also become a common component 
of temperate Australia’s naturalised flora. Whilst in 
general herbaceous legume species appear to pose 
lower threats to natural ecosystems than woody leg-
umes, they have a greater tendency to naturalise and 
there still appears to be differences in their level of 
weed impact (Emms et al. 2005). 

The level of impact of a naturalised plant species is 
important in determining the seriousness of the species 

as a weed (Virtue et al. 2001). Distinguishing species 
based on their level of impact enables management 
of naturalised species to be prioritised. Additionally, 
better understanding the traits that characterise high 
impact species (as opposed to traits that confer natu-
ralisation) into weed risk assessment (WRA) systems 
is one method that could help solve the conflict be-
tween a species’ weed risk and its utility (Bennett and 
Virtue 2004). This conflict affects the importation of 
legumes into Australia because the amount of legume 
non-weeds predicted as weeds by the Australian WRA 
system is high (Smith 1999). 

The seedling stage of a plant’s lifecycle is a vul-
nerable period. The ability to establish and survive in 
a competitive environment is an important feature in 
a plant becoming an environmental weed. The aim of 
this study was to investigate seedling growth, biomass 
allocation and root morphology of herbaceous legumes 
in relation to their various levels of weed impact. The 
intention was to identify traits that are of significance 
in discriminating the level of weed impact of these 
herbaceous legume species. 

MATERIALS AND METHODS
A pot experiment was conducted using a randomised 
block design. It consisted of nine herbaceous species 
replicated nine times. The experiment took place in a 
north-facing glasshouse during October and November 
2004. Daily minimum and maximum temperatures 
fluctuated between 9°C and 21°C and 19°C and 28°C 
respectively. Plants were grown in 8.5 cm square pots 
measuring 18 cm in height. Pots were filled to a stand-
ardised weight with University of California potting 
mix before the commencement of the experiment.

The nine herbaceous species were comprised of 
three weed impact groups (moderate, low and no-im-
pact) (Table 1). Moderate and low impact species were 
determined from a questionnaire described in Emms 
et al. (2005). No-impact species were not present in 
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natural ecosystems but had a history of deliberate 
cultivation in temperate Australia. All species had a 
minimum residence time of 70 years. 

Seeds were either: i) collected from wild plants 
during 2002 and 2003; ii) sourced from the South 
Australian Research and Development Institute Ge-
netic Resource Unit; or iii) obtained from commercial 
sources. Seeds of several different ecotypes of each 
species (where available) were mixed together and 
scarified with emery paper. Seeds were then pre-ger-
minated in Petri dishes at slightly staggered intervals 
in an attempt 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 plant-
ing with 10 mL water pot-1 day-1 until four days after 
the germinated seeds had been planted. On the fifth day 
after planting, two replicates 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 volume 
of water that was then given to each pot. Every three 
subsequent days, this process was repeated. 

Plants were grown for 29 days before being 
destructively harvested. The soil and root bolus was 
carefully removed 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 plas-
tic containers filled with 50% ethanol solution. Shoot 
material was stored in plastic bags at 3–5°C. Leaf area 
was measured using WinDias 2.0 after obtaining leaf 
images using a mounted overhead camera. Leaves and 
cotyledons that were green and still on the plant were 
pooled (Wright and Westoby 1999). Leaves and stems 
were then dried separately in an oven at 60°C for 72 
hours before weighing.

Root systems were cleaned by suspending them in 
water and using tweezers to remove foreign particles. 
Residual soil was removed by spraying water from a 
hand spray bottle onto the roots. Roots were immersed 
in a saturated solution of methylene blue for 15 minutes 
immediately prior to scanning. Roots were placed on 
a flatbed scanner in a tray with a thin layer of water. 
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. Measurements of total root length, 
root volume, root surface area and average root diam-
eter were obtained from WinRhizo. After scanning the 
roots were dried in an oven at 60°C for 72 hours and 
then weighed.

Data were ln, arcsin (leaf mass ratio) or square root 
(root: shoot ratio) transformed to meet the assumptions 
of normality and equal variance prior to analysis. 
Variables were analysed using one-way ANOVA with 
three contrasts to compare the difference between 
impact groups.

RESULTS
All weed impact groups differed significantly in all the 
seedling traits studied (P <0.05). The no-impact group 
had the largest values for the majority of traits (Tables 
3 and 4). This appeared to be influenced by seed mass 
(the no-impact group possessed the highest and the low 
impact group the lowest mean seed mass of the impact 

Table 1.   Species used in the study with their respec-
tive impact group and individual seed mass.

Species Impact 
group

Mean seed mass 
(mg)

Lathyrus tingitanus L. Moderate 103.33

Lupinus cosentinii Guss. Moderate 171.60

Trifolium angustifolium L. Moderate 1.62

Medicago polymorpha L. Low 2.96

Medicago sativa L. Low 2.54

Vicia sativa L. Low 26.74

Lathyrus odoratus L. No 78.36

Trifolium alexandrinum L. No 2.68

Vicia faba L. No 1352.90

Table 2.   Seedling traits investigated in this study.

Trait Units 

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:shoot ratio grootDM:gshootDM

Total root length cm

Specific root length cmroot/grootDM

Root volume cm3

Root surface area cm2

Average root diameter cm
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groups respectively). The root traits in particular were 
strongly influenced by the very large seed mass of V. 
faba (Table 1). Morphological root traits such as root 
volume and root diameter were strongly correlated 
with each other (correlations not shown). Of the traits 
that were not influenced by seed mass, the low impact 
group had the highest specific leaf area and leaf area 
ratio and the moderate impact group the lowest.

DISCUSSION
Seedling growth is influenced by seed mass. Larger 
seeds can produce larger seedlings because they pos-
sess greater resources to support seedling growth 
(Westoby et al. 2002). The influence of seed mass 
diminishes as seedlings grow and become dependent 
on external nutrients. In this experiment the influence 
of seed mass still seemed apparent even after 29 days 
of growth. 

Many authors have found that specific leaf area 
is the most important factor in explaining variation in 
relative growth rate. 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) because 
it confers high light interception and carbon gain per 
unit biomass invested in leaves (Lambers and Poorter 
1992). The moderate 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 that 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 com-
pounds, such as tannins as defences against herbivory 
(Westoby et al. 2002). So in the case of herbaceous 
legumes at least, greater leaf defence appears to be an 
advantage for impacting in natural ecosystems. 

Herbaceous legumes have been widely cultivated 
for over a century in Australia and many predators of 
these species have also become established. Lucerne 
flea (Sminthurus viridis Linnaeus), red-legged earth 
mites (Halotydeus destructor Tucker) and numerous 
aphid species can all cause extensive damage to her-
baceous legumes (Walters and Dominiak 1988, Loi 
et al. 2005).

In a cultivated situation it is necessary for land 
managers to control these insects using chemicals. 
However, wild plants must be able to survive these 
threats on their own. So whilst they may be slower 
growing, the moderate impact species’ advantage 
might come from an increased level of survival and 
greater abundance and/or reproductive output. How-
ever, in the absence of herbivory any advantage would 
be lost, as the faster growing species such as the low 
impact and no-impact herbaceous legumes would 
most likely out-compete the slower growing species. 
For this reason and because specific leaf area does not 
explain the no-impact group’s intermediate specific 
leaf area between that of the moderate and low impact 
groups, it does not appear to be a key distinguishing 

Table 3.   Mean seedling shoot growth (±SE) attributes for herbaceous impact groups.

Moderate impact n = 27 Low impact n = 27 No-impact n = 27

Shoot dry weight (gshootDM) 0.286 (±0.048) 0.110 (±0.010) 0.471 (±0.088)

Leaf mass ratio (gleaf/gplant) 0.4 (±0.200) 0.33 (±0.007) 0.35 (±0.011)

Leaf area (cm2) 57.86 (±8.56) 49.05 (±5.44) 142.5 (±21.6)

Leaf area ratio (cm2
leaf/gplant) 249.7 (±30.6) 379.3 (±26.1) 309.9 (±33.5)

Specific leaf area (cm2
leaf/gleaf) 604.5 (±50.4) 1141.9 (±67.0) 862.3 (±87.7)

Table 4.   Mean seedling root growth (±SE) attributes for herbaceous impact groups.

Moderate impact n = 27 Low impact n = 27 No-impact n = 27

Root dry weight (grootDM) 0.044 (±0.007) 0.024 (±0.003) 0.241 (±0.058)

Root:shoot ratio (groot:gshoot) 0.168 (±0.008) 0.218 (±0.126) 0.363 (±0.040)

Total root length (cm2) 398.0 (±49.7) 447.1 (±43.0) 543.6 (±41.7)

Specific root length (cmroot/groot) 15531 (±1982) 25407 (±3831) 14011 (±3333)

Root surface area (cm2) 73.3 (±10.6) 57.8 (±6.4) 173.9 (±29.3)

Root volume (cm3) 1.11 (±0.18) 0.60 (±0.07) 5.06 (±1.30)

Average diameter (cm) 0.52 (±0.03) 0.39 (±0.01) 0.80 (±0.10)
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trait for weed impact of temperate herbaceous leg-
umes. 

Other factors may be more important in determin-
ing why herbaceous legumes differ in weed 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. It may be that reproductive strate-
gies such as seed production and dormancy are more 
important in the weed success of herbaceous legumes. 
Studies in this area continue.
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