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Summary   The capacity for a plant community to re-
generate after weed management is affected by the im-
pact of both the weed invasion on the community and 
the management practices implemented. This paper 
presents preliminary results from an investigation into 
the effects that the season of glyphosate application 
has on tropical savanna woodland plant communities. 
After one wet season, differences in impact between 
treatments are not apparent for most plant groups; 
spraying in both the late wet season and the early wet 
season negatively impact on cover of shrubs, geophytes 
and perennial grasses. In contrast, late wet season 
herbicide application produced an increase in cover 
of annual plants while herbicide application early in 
the season reduced annual cover. However, continued 
monitoring over the next wet season is necessary to 
determine if timing of glyphosate application affects 
the recovery of different plant groups. 

Keywords    Glyphosate,  herbicide,  tropical sa-
vanna,  community regeneration.

INTRODUCTION
In the savanna woodlands of northern Australia, two 
exotic grass species—Andropogon gayanus Kunth. 
and Pennisetum polystachion (L.) Schult.—are the 
focus of widespread and continuing control programs. 
These programs commonly use the non-selective her-
bicide glyphosate to kill the exotic grasses; and fire, 
to reduce biomass and promote regeneration. Burning 
predominantly takes place in the early dry season, 
while herbicide application occurs throughout the wet 
season. In terms of post-management regeneration, 
land managers have reported varying degrees of suc-
cess using these weed control methods (Peter Jeffrey 
Specialist Consulting 2004, Chris Howard Northern 
Territory Parks and Wildlife Service pers. comm.).

Tropical savanna woodlands have a highly sea-
sonal growth period corresponding to the summer rains 
(Dunlop and Webb 1991). Plant growth begins early 
in the wet season and slows towards the beginning of 
the dry season. Water is not limiting throughout this 
period, but, while the exotic grasses continue to thrive 
into the early dry season, the native flora shows signs of 
senescence. Such reduced growth activity is reported 
to play a role in the resilience of some Australian 

natives, whose growth was artificially slowed by 
limiting water, to glyphosate (Matarczyk et al. 2002). 
Thus, for many tropical savanna species, the timing 
of herbicide application may be a critical component 
of regeneration success. In this paper we discuss the 
changes in abundance of native plant functional groups 
in response to two regionally common management 
approaches for exotic, tall, tussock-forming perennial 
grasses.

MATERIALS AND METHODS
The study was undertaken in savanna woodland at 
Litchfield National Park (~120 km south of Darwin) 
and Wildman Reserve (~120 km east of Darwin), 
Northern Territory. The region has a wet/dry seasonal 
tropical climate. Daily maximum temperatures average 
from 31°C in June to 36°C in January and 85–95 % of 
the annual rainfall (average 1400 mm) falls between 
December and March.

The study area at Wildman consisted of two A. 
gayanus invaded sites spaced 1500 m apart. At Li-
tchfield, two study areas were used. The first study 
area consisted of two sites invaded by A. gayanus and 
spaced 200 m apart. The second consisted of two sites 
invaded by P. polystachion. These sites were spaced 
500 m apart. Each site comprised a complete block 
containing three herbicide treatments: Late wet sea-
son spray, early wet season spray and a non-sprayed 
control. Individual treatment plots covered 0.12 ha 
and were separated by a 2 m wide buffer zone. A 1% 
solution of glyphosate product containing 360 g L-1 
a.i. and 0.2 % wetting agent was applied to the late 
wet season spray treatment in April 2005 and to the 
early wet season spray treatment in January 2006. 
The primary aim was to achieve maximum exotic 
grass kill and, where possible, minimise damage to 
native species. Herbicide was applied, as it would 
have been under management conditions; two op-
erators using hand held spray guns applied herbicide 
until plants were wet. This equated to approximately 
1000 L ha-1 of herbicide solution. Separate dry sea-
son fire events occurred at all the sites in early May 
2005.

Species cover was recorded in 10 randomly posi-
tioned 2 m × 2 m quadrats located in each treatment. 
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Quadrats were relocated at each sampling time. Data 
were recorded immediately prior to both of the spray 
treatments, four weeks after treatment and then again 
towards the end of the 2005–2006 wet season (April 
06). Percentage cover was recorded within the follow-
ing intervals: <1%, 1–5%, 6–10%, 11–15%, 16–25%, 
26–50%, 51–75%, 76–100%. Individuals that could 
not be consistently identified as different (i.e. some 
small seedlings) were excluded, whereas those that 
could not be separated to species level in the field were 
identified to genus. Taxonomy followed the Northern 
Territory Herbarium.

The effect of off-target damage resulting from 
glyphosate application on the abundance of functional 
groups over time was tested using factorial ANOVA 
with factors: Study area, Site, Treatment and Time. 
Site was a random factor and nested in study area. 
Tukey HSD post hoc tests were used to determine 
differences between individual treatments. Mid-points 
of each cover category were used to calculate means. 
Data were Log (x + 1) transformed prior to analysis. 
Residuals were normally distributed and there was no 
correlation between means and standard deviations. 
Consequently the ordinal data could be tested using 
parametric ANOVA (Zar 1984).

RESULTS
In the weeks following both spray treatments, complete 
defoliation occurred on all plants except one geophytic 
species and one shrub species. In the longer-term, ap-
plication of glyphosate in the late wet season (April 05) 
decreased plant cover of all functional groups except 
annual forbs (Figure 1). Annual forb cover increased 
significantly over time, and relative to the control, 
following the late wet spray treatment (Figure 1a). 
Over the 05/06 wet season, perennial grass, geophyte 
and shrub cover remained significantly lower in the 
late-wet spray treatment than in the control (Figure 1b, 
1c and 1d). Following application of glyphosate in the 
early wet season (January 06) cover of all functional 
groups decreased significantly (Figure 1). At the end 
of the first wet season there was no significant differ-
ence in cover of perennial grasses, shrubs or annuals, 
between the two herbicide treatments, although both 
were significantly different to the control.

The early dry season fire event (May 05) had no 
significant effect on cover of most functional groups; 
with plant cover remaining stable in the control plots 
and the spray plots, prior to treatment in the early wet 
season (Figure 1). Annual forbs were again the excep-
tion; annual cover in the control treatment increasing 
significantly over time (Figure 1a).

DISCUSSION
The defoliation of most native plants four weeks 
after treatment of exotic grasses with glyphosate was 
expected. Both A. gayanus and P. polystachion form 
dense stands and carefully spraying each clump to 
avoid overspray is neither realistic nor possible. Of 
greater interest is the longer-term response of func-
tional groups to the seasonal timing of glyphosate 
application. Although further monitoring is required to 
assess such long-term impacts, initial results indicate 
that glyphosate application at both times negatively im-
pacts on all functional groups tested except annuals.

Annuals   One explanation for the successful establish-
ment of annual species following the late wet season 
herbicide treatment is the increased availability of light 
and nutrients following exotic grass removal. This ef-
fect appears to have been enhanced by the occurrence 
of the early dry season fire. The significant increase 
in cover in late wet season treated plots also confirms 
the continued presence of a large soil seedbank for this 
group (Brooks unpublished data). However, annual 
seedbanks are often transitory in northern Australia’s 
tropical savannas (Andrew and Mott 1983, Williams et 
al. 2005). Their continued presence is reliant on replen-
ishment of the seed each year. Germination of annuals 
occurs predominantly in a pulse at the start of the wet 
season, especially following fire (Williams et al. 2005); 
growth, flowering and fruiting then occur before the 
end of the wet season. Spraying late in the wet season 
allows time for this process to occur. In contrast, ap-
plication of glyphosate in the early wet season, prior to 
seed set, interrupts this process and may heavily reduce 
the abundance of annuals in the community.

Perennial grasses   Perennial grasses are highly 
susceptible to glyphosate, as reflected in the large 
decrease in abundance in this group within both her-
bicide treatments. Spraying late in the season when 
growth was slowing provided no protection for mature 
plants. However, the timing of herbicide application 
may also influence the availability of seed propagules. 
Flowering times of the dominant perennial grasses 
occur from as early as November for Alloteropsis 
semialata (R.Br.) A.Hitchc. and January for Themeda 
triandra Forsskal., making it possible for at least some 
seed to enter the soil seedbank. Like annuals, the po-
tential for replenishment of the soil seedbank would 
be reduced if grasses were sprayed earlier in wet the 
season. However, even where some seed is available, 
germination of perennial grasses is notoriously low 
(Mott and Andrew 1985). This is one group that may 
require intervention such as direct seeding if rapid 
re-establishment is critical.
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Geophytes   Both herbicide treatments significantly 
decreased geophyte cover. Interestingly, both the early 
wet season and the late wet season spray resulted in a 
similar reduction in geophyte cover by the end of the 
first wet season. Theoretically, geophytes, with their 
annually renewed stems, should be most resilient to 
glyphosate treatment if sprayed in the late wet season. 
Geophytes possess a large tuberous or woody rootstock 
that stores photosynthate over their dormant period 
(Dunlop and Webb 1991). This allows rapid vegetative 
growth during the wet season. Towards the end of the 
wet vegetative material becomes chlorotic and senes-
cence occurs. At this time the vegetative area available 
for herbicide uptake is low relative to the root mass. In 
contrast, spraying earlier in the season when the ratio 

of vegetative material to root mass is higher and the 
plant is actively growing may increase mortality. To 
date, there is no indication this has occurred but this 
will be an important group to monitor over the follow-
ing growth season to detect longer-term effects.

Shrubs   As with geophytes, shrub cover decreased 
in both herbicide treatments. Likewise, at the end of 
the first wet season, the impact glyphosate had on 
shrub cover was not affected by the timing of herbi-
cide application. Many shrubs in the tropical savanna 
woodland understorey are juvenile or suppressed 
canopy species. Most of these species develop deep 
taproots to survive the long dry season (Dunlop and 
Webb 1991). Thus, like geophytes, the root:shoot ratio 

Figure 1.   Mean aggregated cover (± standard error) of (a) annual forbs, (b) perennial gasses, (c) geophytes 
and (d) shrubs in the understorey of an exotic grass-invaded tropical savanna woodland at Wildman Reserve 
and Litchfield National Park, pre- and post-glyphosate application late-wet season (April 05), early-wet season 
glyphosate application (January 06) and without treatment. Arrows indicate time of glyphosate application.
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at the time of herbicide application may play a pivotal 
role in determining the susceptibility of this group. At 
the end of the wet season deciduous species begin to 
lose their leaves and growth of many evergreen species 
slows over the dry season (Dunlop and Webb 1991, 
Prior et al. 2004), suggesting a decrease in glyphosate 
uptake. Alternatively, this period of preparation for 
the dry season may result in increased translocation 
of nutrients to the roots for storage and thus increased 
glyphosate uptake. Further monitoring is required to 
confidently propose a hypothesis.

It is not possible to isolate the effect of the early 
dry season fire events on changes in plant cover. Un-
fortunately, as these fires were unplanned, there were 
no controls prepared. It is possible that the fires had an 
additive effect on herbicide damage in the plots treated 
with herbicide in the late wet season. Its possible the 
dry fuel load resulted in increased fire temperatures 
and thus plant damage. 

Even so, quantifying the off-target damage caused 
by glyphosate at different application times within 
the confines of an early dry season fire regime will 
contribute valuable knowledge to the design of man-
agement programs. Inappropriate control measures 
could have severe implications for the savannas. For 
example, reductions in shrub cover, through either 
mortality or reduced growth rates, translate into a 
reduced midstorey recruitment pool and this has 
the potential to affect the structure of post-invasion 
savanna communities in the long term. So far, the biol-
ogy of the tropical savanna understorey suggests that 
the negative impact of an early wet season herbicide 
treatment on annuals, geophytes and shrubs should be 
greater than that experienced from the late wet season 
treatment. But, the results to date are inconclusive. As 
monitoring continues over the next wet season it will 
be an interesting story to follow. 
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