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Summary This paper reports preliminary findings of
the impact of broom (Cytisus scoparius L.) and gorse
(Ulex europaeus L.) on nutrient content and microbio-
logical properties of soils in the Adelaide Hills, South
Australia. Changes in soil properties were examined by
comparing uninvaded native bushland, weed invasion
fronts and monospecific weed stands for each weed
species. Soils were analysed for microbial biomass
phosphorus (MB-P), microbial biomass carbon (MB-
C), microbial biomass nitrogen (MB-N), available P,
dissolved organic carbon (DOC) and total dissolved
nitrogen (TDN). The advancing gorse front had sig-
nificantly higher MB-P, MB-C and MB-N than native
soil. Soil under the broom invasion had significantly
higher available P, DOC and TDN than native soil.
This study forms part of a larger project examining
the role of plant-soil feedback mechanisms that enable
invasive species to change soil physical, chemical and
biological conditions and allow continued invasion of
native ecosystems.
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INTRODUCTION
The introduction of a new plant species into an eco-
system can affect soil micro-organisms, soil nutrient
cycling processes, plant resource use and establish
feedback dynamics between the plant and the soil mi-
crobial community (Ehrenfeld and Scott 2001). These
changes in resources and conditions may influence
the invasibility of ecosystems and the invasiveness of
a particular plant species (Ehrenfeld 2003). Changes
in nutrient cycling processes may reflect alterations
in the soil microbial community related to differences
in the inputs to the soil by an invasive plant (Wardle
and Lavelle 1997, Ehrenfeld 2001). The abundance,
activity and composition of soil microbial commu-
nities have been shown to vary with different plant

species (Bardgett ef al. 1998). An understanding of
plant-induced soil changes is important due to their
effects on ecosystem nutrient dynamics, competition
between plant species and the implications for vegeta-
tion management (Ehrenfeld et al. 2001).

Invasion of plants into new areas may greatly af-
fect feedback dynamics between the plant community
and the soil microbial community, especially when the
physiological traits of the invading species are vastly
different from those of the native flora (Wardle et al.
2004). If the soil conditions associated with an invasive
plant species either accelerate its growth or promote
its competiveness over the native plant community, a
positive feedback system could develop promoting
the spread of the invasive plant. The establishment of
an initial population of an invasive plant may trigger
changes in the soil physical, chemical and biological
conditions, which would enhance the spread of the
invasive plant and/or the competitive reduction in the
native plant species (Ehrenfeld 2001).

The entire soil microbial population treated as a
single entity is known as the soil microbial biomass
(SMB) and it plays a pivotal role in nutrient cycling in
soils (Powlson 1994). The key nutrients that are cycled
through the SMB include phosphorus (P), carbon (C)
and nitrogen (N). The SMB is a sensitive indicator
of changing soil conditions and responds faster to
changes in environmental conditions than other soil
components (Brookes and Joergensen 2006). SMB
measurements are useful in providing information
on the functioning of the ecosystem and may serve
as an early warning of stresses on the soil physical,
chemical and biological conditions (Brookes and
Joergensen 2006).

This paper reports the impact of the invasive le-
guminous species gorse and broom on MB-P, MB-C,
MB-N and other nutrient levels in native bushland in
the Adelaide Hills, South Australia. These species have
successfully invaded native vegetation in South Aus-
tralia and displaced the native understorey and grasses.
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This study is part of a larger project examining whether
invasive weeds are able to alter soil physical, chemical
and biological conditions to allow continued invasion
of native ecosystems, to determine the nature of the
mechanisms involved and whether they help explain
the invasiveness of the chosen weed species.

MATERIALS AND METHODS

Study sites Study sites were located at Cleland Con-
servation Park (34°58'S, 138°42'E) and Belair National
Park (35°1'S, 138°40'E). Both parks are located in the
eastern Mount Lofty Ranges, approximately 13 km
south-east of Adelaide, South Australia. The region
is characterised by a Mediterranean climate with an-
nual rainfall between 700 and 1100 mm. Winters are
cool and wet and summers are hot and dry. The major
vegetation association at the Belair National Park site
is grassy woodland dominated by Eucalyptus obliqua
L’Hér. (messmate stringybark), with an understorey of
Ixodia achillaeoides R.Br. (ixodia), Dianella revoluta
R.Br. (black-anther flax-lily), Gonocarpus tetragynus
Labill. (common raspwort) and Acacia pycnantha
Benth. (golden wattle). The soil is predominantly grey
brown podzol. The major vegetation association at the
Cleland Conservation Park site is a grassy woodland
dominated by E. obliqua and Eucalyptus baxteri
Benth. (brown stringybark) with an understorey of 4.
pycnantha, Dodonaea viscosa (L.) Jacq. (sticky hop-
bush), and Pultenaea daphnoides Wendl. (large-leaved
bush pea). The soil is predominantly a skeletal light
sandy clay loam.

Two gorse sites were selected within Belair Na-
tional Park and two broom sites in Cleland Conserva-
tion Park. Sites were chosen to represent an invasion
gradient from heavily invaded to adjacent uninvaded
native vegetation. Sites had similar rainfall, aspect,
slope, accessibility and land use characteristics. At
each site three invasion levels were identified: 1. an
advancing front of the weed, where approximately 50%
native understorey remained (Broom Front or Gorse
Front); 2. a monospecific stand of the weed which was
devoid of native understorey (Broom Stand or Gorse
Stand); and 3. an area of exclusively native vegetation
immediately adjacent to the weed stand (Native adj.
broom or Native adj. gorse) used as a control. Soil
samples were taken during November-December
2005. At each site and invasion level a tennis ball was
thrown over the shoulder to randomly select a sampling
point. From this point four transects, 2 m in length,
were measured orthogonally in north, south, east and
west directions. At the end of each transect plant lit-
ter, major roots and large rocks were removed. A soil
sample was taken from the top 10 cm. Consequently,
four soil samples were collected from three invasion
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levels, across four sites. In total, 24 soil samples were
taken at the broom sites and 24 taken at the gorse
sites. The soil samples were stored overnight at 4°C,
air dried at 40°C for 48 h and passed through a <2 mm
sieve. Each dried sample was stored in airtight plastic
storage jars for later analysis. For microbial biomass
analyses the dried soil samples were moistened to 75%
field capacity and aerobically incubated at 25°C for
13 days to allow the soil to equilibrate.

The amount of microbial biomass phosphorus
(MB-P) and available P was determined using a fu-
migation-extraction (FE) method with anion exchange
membranes (AEM) after Kouno et al. (1995). Micro-
bial biomass carbon and nitrogen (MB-C and MB-N),
dissolved organic carbon (DOC) and total dissolved
nitrogen (TDN) were determined using a FE method
after Vance et al. (1987). All results were analysed by
an ANOVA using the Tukey-Kramer HSD post-hoc
test at the 0.01 level of significance.

RESULTS AND DISCUSSION

Gorse invasion The invading gorse front had sig-
nificantly higher MB-P (11.60 + 0.8 mg kg™'), MB-C
(0.228 £0.01 mg kg') and MB-N (0.025 + 0.003 mg
kg!) than all sites (Tables 1 and 2). MB-C was almost
twice as high in the gorse stand than in the broom
front and 39% higher than the native soil adjacent to
the broom sites. The gorse stand also had significantly
higher available P (2.76 + 0.02 mg kg™!) compared to
the invading gorse front (Tables 1 and 2).

Broom invasion The invading broom front had
significantly higher MB-N and available P than the
adjacent native soil and MB-P was significantly
higher than the broom stand. The broom stand had
significantly higher MB-C and TDN compared to the
adjacent native soil (Tables 1 and 2). The broom stand
also had significantly higher DOC and TDN than all
other sites (Tables 1 and 2).

The gorse invasion has not significantly increased
the levels of available P, C or N (in the form of DOC
and TDN). Conversely, the broom invasion has signifi-
cantly increased the levels of DOC, TDN, available
P, MB-C and MB-N compared to the adjacent native
soil. Broom may change these nutrient levels through
accumulation of N fixed by rhizobium and also by its
high leaf litter accumulation. Broom leaves are more
readily broken down than the leaves of eucalypts and
native understorey species, which may result in an
increase in soil organic carbon (Fogarty and Facelli
1999).

In soil under gorse the nutrients are immobilised
in the microbial biomass whereas in the soil under
broom nutrient availability is increased compared to



their respective adjacent native vegetation. To clarify
these differences an experimental pot trial using a
standard soil medium growing broom and gorse is
currently being undertaken.

Fogarty and Facelli (1999) found soil from invaded
stands of broom had higher organic C, N and soluble
P than soil from uninvaded sites in the Adelaide Hills.
Once nutrient availability increased, the competitive
effect of broom became more intense. They suggested
that broom increased the fertility of the soil by fixing
nitrogen, increasing the organic C content and estab-
lished soil conditions beneficial to its own seedlings
thus developing monospecific stands.

The levels of P, C and N in the microbial biomass
of the gorse invasion may be a result of the weed
activating the microbial community in a way that
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leads to the immobilisation of available P, C and N.
The changes in soil microbial community as a result
of association with different plant species and indi-
vidual plant species can have important effects on
components of the soil microbial communities and
the processes that they regulate (Wardle et al. 2004)
and possibly alter the growth of competing plant
species (Bever ef al. 1997). Results indicating the
invading fronts have different soil microbial biomass
and nutrient levels than the native vegetation support
Ehrenfeld (2001), where the establishment of an initial
population of an invasive plant would begin changing
the structure and function of the soil microorganisms
and nutrient cycling, enhancing the spread of the
invasive plant and/or the competitive reduction in the
native plant species.

Table 1. Summary of results for soil analyses (mean + SE) for all invasion levels (see text for codes).

Invasion level MB-P MB-C MB-N Avail. P DOC TDN
mg kg! soil mg kg! soil mg kg! soil mg kg! soil mg kg! soil mg kg! soil

Broom front 4.00 +£0.46 0.066 £ 0.01 0.009 +0.001 2.71+0.24 0.242+0.02  0.072+0.004
Broom stand 2.07 +£0.30 0.081 +£0.01 0.006 + 0.001 2.01+0.22 0.474+0.02  0.105+0.004
Native adj. broom  2.64 +0.19 0.042 +0.01 0.004 +0.001 1.85+0.14 0.282 +0.01 0.064 +0.001
Gorse front 11.60 £ 0.80 0.228 £0.01 0.025 +0.003 1.71+£0.31 0.184 +0.01 0.059 + 0.002
Gorse stand 3.35+0.19 0.107 £ 0.01 0.012 +0.003 2.76 £ 0.20 0.196 + 0.01 0.060 + 0.003
Native adj. gorse 2.96 +0.17 0.090 +0.01 0.008 +0.001 2.10+0.23 0.176 £ 0.01 0.054 +0.004

Table 2. Summary of significant differences (P <0.01) between all invasion levels for MB-P, -C, -N, DOC

and TDN.
Invasion level | Broom front Broom stand Native adj. Gorse front Gorse stand Native adj.
broom gorse
Broom front DOC MB-P MB-C
TDN MB-C
MB-N
Broom stand MB-P MB-P
MB-C
MB-N
Native adj. MB-N MB-C MB-P MB-C MB-C
broom Avail. P DOC MB-C
TDN MB-N
Gorse front DOC DOC Avail. P
TDN
Gorse stand DOC DOC MB-P
TDN MB-C
MB-N
Native adj. DOC DOC DOC MB-P
gorse TDN TDN MB-C
MB-N
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Phospholipid Fatty Acid (PLFA) analysis and
soil respiration measurements will be undertaken
to determine differences in the soil microbial com-
munity structure and activity between invaded and
non-invaded sites. Experimental pre-conditioning of
a standard soil medium with two weed and two native
understorey species and their effect on native plant
performance is also in progress.
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