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Summary   The control of two exotic grasses, Andro-
pogon gayanus Kunth. (gamba grass) and Pennisetum 
polystachion L. Schult. (mission grass) represent a 
major management challenge in Australia’s tropical sa-
vannas. Understanding the size and longevity of the soil 
seed bank can assist in understanding the management 
requirements for these species, such as on-going control 
requirements. This study assessed the seed longevity of 
mission and gamba grasses, and the seed bank in sites 
densely invaded by either gamba or by mission grass, 
and compared them with uninvaded sites. The germi-
nable seed bank of the exotic grasses declines markedly 
from the dry season to the early wet season, whereas 
the germinable native seed bank increases during this 
time. Longevity trials suggest that the proportion of 
exotic seeds carried over is low, approximately 2.3% 
and 0.1% for gamba and mission grass respectively. 
The carryover of the exotic seedbank demonstrates 
the importance of ongoing control. The seed bank of 
native species in the invaded sites was higher than the 
exotic seedbank, and it represents a natural source of 
seed for rehabilitation following control. 
Keywords    Andropogon gayanus,  Pennisetum polys-
tachion,  seed longevity,  weed control,  savanna. 

INTRODUCTION
Exotic grass invasions have had major impacts on 
the structure and functioning of native ecosystems 
(D’Antonio and Kark 2002). In northern Australia, 
concern has been raised about the impacts of many in-
troduced grass species, and management agencies are 
seeking information that will assist them to understand 
factors that might limit their potential distribution, and 
will contribute to developing control strategies. 

Two grasses of particular concern are Andropo-
gon gayanus Kunth. (gamba grass) and Pennisetum 
polystachion L. Schult. (mission grass). The occur-
rence of both species has increased dramatically in 
upland savannas and along riparian habitats in northern 
Australia (Kean and Price 2003). Both species have 
the potential to alter ecosystem function, including fi re 
regime, nitrogen cycling and hydrology (Panton 1993, 
Rossiter et al. 2003, Rossiter et al. 2004).

Often it is the large seed banks of exotic species 
that provide them with an establishment advantage 
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and make them so diffi cult to manage (Williamson 
and Fitter 1996). The size and longevity of the soil 
seed bank can vary greatly between grass species 
(Crowley and Garnett 2001) and can lead to a direct 
competitive advantage for the exotic species (Smith 
et al. 1999). Understanding the seed bank dynamics 
is vital to determine the role of dormant seeds, which 
can make herbicide treatments ineffective. Despite its 
value, there is little information available on the ability 
of exotic grasses to produce and maintain soil seed 
banks in undisturbed savanna in northern Australia. A 
few studies have been carried out on the soil seed bank 
dynamics of native grass species, but no information is 
available on native seed banks in sites densely invaded 
by exotic grasses. 

This study will provide information on the main-
tenance of seed banks of gamba grass, mission grass 
and native grass species in savanna invaded by exotic 
grasses, and compare it to the native seed bank in 
uninvaded sites. 

MATERIALS AND METHODS
Seed longevity   Post-dispersal viability of freshly 
collected gamba and mission grass seeds was deter-
mined by burying 1 mm nylon mesh bags of seeds at 
the time of natural seedfall (July 2001) and assessing 
their viability over a 12 month period. Sixteen 10 × 
10 cm bags were buried in the upper 1 to 3 cm of 
soil at a site invaded by gamba and mission grass in 
Darwin (12°23´S, 130°55´E) in July. Four bags were 
randomly selected for collection at four times: late-dry 
season (November), early-wet (December), late-wet 
(March) and mid-dry season (June). Seeds retrieved 
from the bags were placed in Petri-dishes in a control-
led environment at 25°C for 21 days. The number of 
germinants were counted, and the remaining unger-
minated seeds were dissected and visually inspected 
for a caryopsis. Germinated seeds and any remaining 
visible caryopses were counted and recorded to de-
termine the number of viable seeds remaining at each 
collection time.

Seed bank dynamics   To describe the size of the 
soil seed bank, soil samples were collected from 
two sites dominated by gamba grass, three sites 
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dominated by mission grass, and two sites dominated 
by native grasses (no exotic grasses present). Seed 
banks samples were collected in the mid-dry season 
(June 2003, soon after seed fall), and the early wet sea-
son (December 2003, at the time of seed germination). 
Samples were collected for all three grass types at 
Shoal Bay, Darwin (12°23´S, 130°55´E) and Litchfi eld 
National Park (13°02´S, 131°01´E). The native grass 
sites were dominated by annual Sarga spp. Ewart at 
Shoal Bay and the perennial Themeda traindra Forssk. 
at Litchfi eld. In addition, samples were collected from 
a site dominated by mission grass at Leanyer Rainfor-
est Reserve (Darwin, 12°23´S, 130°54´E). 

At each site, for each grass species, four randomly 
located patches of at least 40 m2 dominated by the 
chosen grass were sampled. Twenty soil cores (8 cm 
diameter and 2.5 cm deep) were collected in each 
patch. The 20 cores were bulked to provide suffi cient 
samples for one replicate. Each bulked sample taken 
represented an area of 0.1 m2. The total weight of each 
sample was measured, and 1.5 kg of each sample was 
spread approximately 1.5 cm deep over the surface of 
7.5 cm of sterile potting mix in seedling propagation 
trays (34 cm × 29 cm). Trays were placed in a shade 
house and watered daily. Emerged seedlings were 
tagged, then removed as soon as they could be identi-
fi ed. Seed densities per square metre were calculated 
for each species. As seeds were not directly counted, 
this method may be confounded by dormancy. 

RESULTS
Seed longevity   Seed longevity of gamba grass and 
mission grass was short, with rapid declines in seed vi-
ability in the dry season months for mission grass, and 
at the onset of the wet season for gamba grass (Table 1). 
Seed viability for both species declined from approxi-
mately 80% in June, to less than 5% in December. The 
survival of seeds over the wet season is extremely low 
for both species (Table 1), but some seeds did survive 
into the following dry season (Table 1). 

Seed bank dynamics   The maximum germinable seed 
bank for both exotic grasses occurred in the dry season, 
soon after seed fall (Table 2). The seed bank of gamba 
grass declined from a mean across sites of 2100 ± 1100 
seeds m-2 in June to 20 ± 20 seeds m-2 in December. 
Similarly, the mission grass seed bank dropped from 
3360 ± 180 seeds m-2 in June to 350 ± 250 seeds m-2 
in December. By contrast, the germinable seed bank 
of native species in uninvaded sites increased from 
310 ± 19 seeds m-2 in June to 594 ± 440 seeds m-2 in 
December (Table 2). 

Germinable seeds of native species were present 
in all heavily invaded sites and in the uninvaded sites, 
with a maximum of 1050 seeds m-2 occurring under 
native species at Litchfi eld Park, and a minimum of 95 
seeds m-2 under mission grass at Litchfi eld (Table 2). 
In both the invaded and uninvaded sites, the number 
of native seeds m-2 varied substantially between sites 
(Table 2).

Table 1.   The viability of mission and gamba grass seeds following burial in soil within nylon mesh bags. Data 
represent mean ± 1 SE.

Viable seed (%)

Species June Nov Dec Mar June

Gamba 80 73.8 ± 0.8 0.5 1 ± 1.2 2.3 ± 1.3

Mission 82 37.8 ± 2 3.9 ± 2 0.1 ± 0.7 0.1 ± 0.7 

Table 2.   The seed bank (mean ± 1 SE seeds m-2) for gamba, mission and native grass species in sites dominated 
by gamba grass, mission grass and native grass. Sites are Litchfi eld National Park (LNP), Shoal Bay (SB) and 
Leanyer Rainforest Reserve (LRR).

Habitat Site

Gamba grass Mission grass Native grass

June Dec June Dec June Dec

Gamba grass sites LNP 3200 ± 815 41 ± 24 38 ± 22 106 ± 56

SB 1000 ± 380 0 ± 0 57 ± 16 171 ± 117

Mission grass sites LNP 2210 ± 244 95 ± 36 156 ± 95 95 ± 36
SB 6540 ± 851 848 ± 302 144 ± 78 848 ± 302
LRR 1344 ± 428 107 ± 39 99 ± 37 107 ± 39

Native grass sites LNP 310 ± 81 1040 ± 305
SB 290 ± 134 149 ± 66
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DISCUSSION
To date, little information has been available on 
the seed banks of either native or exotic grasses in 
northern Australia’s savannas. This study has shown 
that the seed banks of exotic and native grasses have 
very different temporal dynamics. Exotic grass seed 
banks show substantial declines over the dry season 
and early wet season, whereas the germinable seed 
bank of native grasses increases during this period. 
The seed longevity trials were very accurate in their 
refl ection of the reduction in germinable seed bank of 
the exotic grasses. The longevity trial suggested that by 
December, the germinable seed bank of gamba grass 
would be reduced to <1% and approximately 10% for 
mission grass. The seed bank trial showed a similar 
decline to <1% for gamba, and 8% for mission grass. 
The densities and seasonal patterns of gamba grass 
seed banks in our study were very similar to those 
reported by Barrow (1995). 

The seed longevity trial showed that there was only 
a small carryover of seed bank for both mission and 
gamba grass species in lowland savannas. Future trials 
will determine whether this carryover seed remains 
viable into the following wet season when germination 
and establishment commences. The persistence of the 
seed bank is likely to vary depending on habitat as 
Barrow (1995) showed that there was no carry over 
of seed bank in a disturbed monsoon forest, but some 
seeds did persist on a well-drained rocky slope. These 
results suggest that even after mature plants have been 
controlled, sites in drier habitats may require follow-
up control to ensure that new seedlings are not able 
to establish. 

The native seed bank in the heavily invaded sites 
was substantially lower than the uninvaded sites (Table 
2), refl ecting the displacement of native species by 
the exotic species. However, an important fi nding for 
land managers is the maintenance of the native seed 
bank which, although depauperate, does represent a 
seed source for rehabilitation following control. The 
native species all set seed in the late wet season or 
early dry season, so the increase in the germinable seed 
bank from June to December represents the breaking 
of seed dormancy of native species. Seed dormancy 
studies have found that most of the Australian native 
grasses that have been assessed do have seed dormancy 
mechanisms (Bellairs et al. 2000). Seed bank studies of 
native savanna grass species suggests that these seeds 
are all likely to be transient, with all seeds germinating 
during the wet season following seed fall (Andrew 
and Mott 1983). 
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