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Summary   Pennisetum polystachion (L.) Schult. 
( mission grass) is an introduced African grass that is 
now widespread in the tropical savannas of Australia’s 
‘Top End’. To date, the impact of mission grass inva-
sion on the ecosystem function of tropical savannas 
is unknown. This study presents preliminary results 
from an investigation into its effects on fi re proper-
ties and fuel loads. Data from three sites in Litchfi eld 
National Park show that mission grass invasion results 
in fuel loads fi ve times larger than in uninvaded sites. 
The grass remains erect during the dry season, result-
ing in a large fuel load that can carry fl ames into the 
canopies of savanna trees. In addition, data show that 
nitrate availability was 10% lower under mission grass 
compared with native grasses. This suggests that mis-
sion grass may alter the nitrogen cycling in savanna 
following invasion. 
Keywords    Pennisetum polystachion,  biological inva-
sion,  ecosystem processes,  fi re,  nitrogen cycling.

INTRODUCTION
Exotic grass invasion is recognised as an impor-
tant ecological problem with global consequences 
(D’Antonio and Vitousek 1992). Exotic grasses have 
the capacity to transform native ecosystems by altering 
important ecosystem processes such as fi re regimes 
and nutrient cycling (D’Antonio and Vitousek 1992, 
Levine et al. 2003). Consequently, there is considerable 
value in identifying the ecosystems most at risk from 
exotic grass invasion and the grasses most likely to 
affect them. However, there have been relatively few 
studies on the impact of any environmental weeds on 
ecosystem function in Australia (Adair and Groves 
1998). 

Many species of exotic grasses have been intro-
duced to northern Australia for cattle production and 
some of these now pose a considerable weed threat 
(Lonsdale 1994). For example, savanna invaded by 
gamba grass (Andropogon gayanus Kunth) has sub-
stantially higher fuel loads than those dominated by 
native grasses, and these higher fuel load sustain much 
hotter fi res (up to eight times greater) (Rossiter et al. 
2003). This is clear evidence that gamba grass has the 
potential to initiate a ‘grass-fi re cycle’ (D’Antonio and 
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Vitousek 1992) which could transform the woodland 
and open forest of northern Australia into an exotic 
grassland. Rossiter et al. (2004) also demonstrate how 
gamba grass invasion can alter savanna nutrient cycling 
which may further degrade the tropical savannas. 

Gamba grass, however, is not the only threat to 
this region; a recent survey of the Darwin region 
showed that mission grass (Pennisetum polystachion 
(L.) Schult.) is even more widespread (Kean and 
Price 2003). Mission grass was introduced into the 
Northern Territory and Queensland from West Africa 
in the early 1970s as a potential stock feed (Cowie and 
Werner 1988). Compared with gamba grass, far less 
is known about the potential impacts of mission grass 
in savanna habitats. This paper aims to quantify the 
effect of mission grass invasion on fuel loads and soil 
nitrogen availability in a tropical savanna site. 

MATERIALS AND METHODS
Study sites   The study was carried out at three sites 
in Litchfi eld National Park (13°09´S, 130°39´E), ap-
proximately 100 km south of Darwin. The region is 
characterised by a distinct wet-dry tropical climate. 
Average annual rainfall is approximately 1400 mm, 
with the majority of this rain falling between December 
and March. The major vegetation types at the study 
site are open forest and woodland with a native grassy 
understorey dominated by Themeda triandra Forssk. 
and Alloteropsis semialata (R.Br.) Hitch. Mission 
grass has invaded the understorey at several locations 
in these sites. Three paired sites were established with 
each site consisting of adjacent understoreys of an area 
of native grass, and an area dominated by mission 
grass.

Fuel loads and fi re characteristics   Fuel loads were 
measured at the end of the wet season (April 2004) by 
harvesting all the above ground biomass from three 
randomly placed quadrats (1 m2) within mission grass 
and native grass dominated sites. Samples were oven 
dried for two days at 65°C then weighed. 

Soil nitrogen availability   Nitrogen (N) availabil-
ity was measured in situ using mixed ion-exchange 
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resin bags (Dowex-MR3, Sigma). Ion accumulation 
of resin bags depends on rates of N mineralisation, 
water movement in the soil and plant and microbial 
uptake. These are the same factors that determine N 
availability for plants so resin bags provide an index 
of plant available N. Five g of resin was placed into 5 
× 5 cm sewn polyethylene bags (355 µm mesh), which 
were buried 5 cm below the soil surface and incubated 
in situ for 12 days at the end of the wet season, in April 
2004. After incubation, the resin was extracted with 
1 mol L-1 KCl, and NH4

+ and NO3
−

 in the extract were 
analysed using an autoanalyser.

Three bags were directly beneath a grass tussock 
or in the inter-tussock zone for mission grass and 
native grass at three sites. The sites were selected to 
cover a moisture gradient and included one site that 
was seasonally inundated and two drier sites. Differ-
ences in soil nitrogen availability between grass types 
(mission grass versus native grass), between micro-
habitats (tussock versus inter-tussock) and sites were 
analysed using a three-way ANOVA with all factors 
fi xed.

RESULTS AND DISCUSSION
Fuel loads   Mission grass invasion significantly 
increased fuel loads in these savanna sites. Fuel 
load was different between grass types (F1,12 = 114, 
P <0.001) and was almost fi ve times greater in mis-
sion grass sites than in native grass sites (means 1.7 
± 0.1 versus 8.6 ± 1.0 t ha-1). Similar increases in fuel 
load have been reported for gamba grass in savanna 
(Rossiter et al. 2003). The greater mission grass fuel 
load would invariably result in hotter savanna fi res. 
Rossiter et al. (2003) demonstrated that the increased 
fuel load following gamba grass invasion supported 
more intense fi res and they suggested that this rep-
resents the beginning of a fi re-driven transition from 
woodland to grassland. Unlike native grasses, mis-
sion grass continues growing well into the dry season 
and remains erect, representing a substantially larger 
fuel load which will burn later in the dry season and 
generate substantially higher fl ame heights. This sug-
gests that mission grass invasion may have the same 
consequences as gamba grass invasion, that is, the 
initiation of a grass-fi re cycle. Similar increases in 
fuel load have been reported for mission grass invasion 
from sites adjacent to monsoon vine forests (Panton 
1993). In these cases the subsequent increases in fi re 
intensities have caused a reduction in the area of these 
fi re sensitive vine forest habitats. 

Nitrogen availability   Ammonium availability did 
not differ between any factors whereas soil nitrate 
availability was signifi cantly lower under mission 

grass than under native grass (F1,23 = 13.7, P <0.01). The 
difference was about 10% and was consistent across 
sites and microhabitats (means 71.8 ± 1.7 versus 81.2 
± 2.3 ng NO3

− g-1 resin day-1). Reductions in nitrate 
availability have also been reported for gamba grass 
invasion, but the magnitude of difference was found 
to be highly variable over time (Rossiter et al. 2004). 
Our sampling was carried out at the end of the growing 
season, a time when the difference in nitrogen avail-
ability between gamba grass and native grass was at 
its lowest. Therefore, although it appears that mission 
grass invasion has only a limited effect on nitrogen 
availability, it is diffi cult to draw conclusions based 
on only a single sampling time. Future sampling will 
now be undertaken in the early wet season to reveal 
whether differences in nitrogen availability between 
mission grass and native grass are greater at this time. 
If mission grass proves to have higher nitrogen demand 
than native grasses then it could reduce the nutrients 
available for native vegetation in the short-term, and 
decrease the productive capacity of the savannas in 
the long term.
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