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Abstract. Managing native pastures for sustainable and economic production requires a good understanding of grazing
effects on pasture dynamics. The Aristida/Bothriochloa pastures of north-eastern Australia are important for cattle
production but little data on grazing pressure impacts on pastures are available to guidemanagement decisions of producers,
for landmanagement education programs, or for predictive modelling. To address this deficiency, four different continuous
grazing intensitieswere imposedonwoodlandcommunities over 7or8years at twosites: aEucalyptuspopulnea (poplar box)
and a E. melanophloia (silver-leaved ironbark) community. Both sites had replicated paddocks grazed at a low, medium or
high grazing pressure by +/� tree killing using herbicide (12 paddocks), and 12 ungrazed (nil grazing pressure) 1-ha plots
subjected to the same tree-killing contrasts.Grazedpaddockareaswerefixedandvariedbetween3.5 and21.5 ha.Differential
grazing pressures were reset each autumn, by adjusting cattle numbers to consume over the next year the equivalent of 0%,
25%, 50% or 75% of the standing pasture mass available.

Pasture grasses suitable as indicators of grazing pressure were identified for both communities. Under low grazing
pressure, Themeda triandra (kangaroo grass) was the only desirable grass to show a significant increase in total contribution
over time at both sites, althoughDichanthium sericeum (Queensland bluegrass) also increased its contribution at the poplar
box site.Chloris species increased their contribution as grazing pressure increased. The proportion of less palatableAristida
spp. (wiregrasses) in the pasturewas not affected byhigh grazingpressure, although they increased at lowgrazingpressure in
the poplar box community. There were no consistent changes in native legumes or weedy forb species to any treatment.
Increasing grazing pressure had a greater negative effect on pasturemass, ground cover and pasture crown cover area than on
changing species composition.Most changes in composition due to grazing pressurewere smaller than those associatedwith
variable seasonal rainfall, andweregreater in thepoplar boxcommunity. In above-average rainfall yearsgrazingup to50%of
autumn standing pasturemass had no detrimental effect on composition in treeless poplar box country in the short term. The
pastures remained stable or improved in both communities when grazing pressure was set annually to utilise 25% of the
standing autumn forage.

Additional keywords: 3P grass, crown basal area, Dichanthium sericeum, eucalypt woodlands, pasture composition,
Themeda triandra, utilisation rate.
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Introduction

Successful pasture management requires controlling grazing
pressure to preserve the dominance of the desirable perennial,
palatable and productive grasses (the 3P species), while preserving
the ability of the soil resource to maintain economically viable
cattle production. The 3P grasses provide persistent ground
cover, preserve the soil surface and produce the bulk of forage
in beef production systems in central Queensland. The diverse
Aristida/Bothriochloa native pasture community (A/B pasture
type) of Queensland (Weston et al. 1981) is dominated by
C4 tussock grasses, mainly Bothriochloa ewartiana (Domin)

C.E. Hubb. (desert bluegrass), Heteropogon contortus (L.)
P.Beauv. ex Roem. & Schult. (black speargrass), Themeda
triandra Forssk. (kangaroo grass), Dichanthium sericeum
(R. Br.) A. Camus (Queensland bluegrass), Bothriochloa
decipiens (Hack.)C.E.Hubb. (pitted bluegrass) andBothriochloa
bladhii (Retz.) S.T. Blake (forest bluegrass). The useful
perennial Chrysopogon fallax S.T. Blake (golden beard grass)
is widespread, as is a range of perennial tussock Aristida
spp. (wiregrasses) of low palatability and low leafiness. The
botanical plant names used in this paper are from Henderson
(1997).
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The A/B community occurs in open woodlands dominated
by eucalypt trees on infertile or poorly structured soils (Tothill
and Gillies 1992). It occurs on over half the lands running
north–south adjacent to either side of the Great Dividing Range
in central Queensland (Silcock et al. 1996). Detailed floristics
have been published by Schefe et al. (1993) and Silcock et al.
(2015a), and the soil–pasture interactions by Silcock et al.
(2015b). The main perennial grasses relate mainly to soil
types and not the dominant eucalypt species. For example,
B. ewartiana, although dominant in some northern Eucalyptus
melanophloia F.Muell. (silver-leaved ironbark) and E. populnea
F. Muell. (poplar box) communities (Story 1967), is rare in the
southern A/B region where E. populnea is dominant.

Little was known of the grazing responses of these important
pasture species in these communities. Hall et al. (2016) showed
grass production can double without tree competition in some
eucalypt communities, alongwith an increase in desirable grasses
such as D. sericeum and T. triandra. However, appreciable soil
erosion occurs in this pasture type when ground cover is severely
reduced (Silburn et al. 2011) and must be prevented. Provided
the soil resource has not been severely degraded, temporary
species and ground cover decline in stressed pastures may be
reversed in a period of better rainfall years when the grazing
stress is removed (Orr and Phelps 2013). To date, identifying
indicator pasture plants and quantifying their responses to
grazing pressure in the A/B community have not been reported
beyond suggestions of the dominant 3P grasses. However, the
pasture responses in two A/B communities to tree competition
have been reported by Hall et al. (2016) and burning responses
have been reported by Silcock et al. (2005).

The two main commercial options for managing grazing
pressure, pasture utilisation or grazing use rate, in extensive
rangelands are adjusting stocking rates and periodic spelling.
Other common land management practices in these communities
are tree competition control and burning. Effective management
of stocking rates requires knowledge of the sensitivity of key
species to grazing pressure and their seasonal responses, and thus
an ecologically based understanding is needed of which changes
in species composition are indicators of grazing pressure impact.
A good condition pasture also provides habitats for wildlife and
valuable ‘ecosystem services’, such as surface soil stabilisation
and lower soil temperatures (Teague et al. 2011), and protects
fungi and burrowing insects that create soil pores for enhanced
rainfall absorption (Lobry de Bruyn and Conacher 1990).

Research and anecdotal information shows that persistent
high grazing pressure can lead to detrimental changes in pasture
composition and reduced ground cover, with a consequent
decline in productive capacity, especially in the semiarid
rangelands (Moore 1953; Wilson et al. 1969; Ash et al. 2002).
However, current grazing management advice in the A/B
community comes from theoretical frameworks provided by
State and Transition models (Hall et al. 1994; McIvor and
Scanlan 1994) or from models of pasture production estimates
by GRASP (McKeon et al. 1990), as there are no measured
grazing responses on which to base such recommendations.

Some studies of perennial grasslands in northern Australia
have failed to demonstrate that heavy grazing pressure over
many years will automatically induce a major permanent shift
in pasture composition (Orr et al. 2010; O’Reagain and Bushell

2011; Orr and Phelps 2013). In one example, pasture dominated
by long-lived Astrebla species (Mitchell grasses) growing on a
moderate fertility, self-mulching, heavy clay soil recovered
composition in good seasons (Orr and Silcock 2010). Allen et al.
(2013) found a weak negative association between grazing
pressure and soil organic carbon. This associationwas influenced
by standing herbage mass, soil type, and the dominant grass
species. Hall et al. (2014) report that for several pastures,
including A/B communities, the production, composition and
frequency of the dominant pasture species were not consistently
affected by the stocking method, but that there were significant
changes between seasons depending on summer rainfall.

On A/B pastures in north Queensland, O’Reagain and Bushell
(2011) found that heavy grazing pressure and seasonal rest both
produced large fluctuations in pasture mass, related to seasonal
conditions, but no initial major changes in native species
composition. However, heavy grazing caused an ingress of a less
desirable exotic grass, Bothriochloa pertusa (L) A. Camus
(Indian couch), and an increase in the nativewoody shrubCarissa
lanceolata R. Br. (conkerberry currant bush). Therefore, the
permanency of any change may be related to soil fertility,
the longevity of individual plants, seasonal conditions, and the
recruitment capacity of the major pasture species.

To identify potential grazing indicator plants, to quantify
grazing pressure impacts on common species, and to develop
evidence-based grazing management recommendations, four
experiments were conducted in two woodland communities of
the A/B pasture type in central Queensland. This paper reports
on pasture composition and stability, and on species responses to
four grazing pressures over a 7 or 8-year period between 1994
and 2002, and identifies potential grazing pressure indicator
species related to grazing management.

Methods

Two pasture communities

Two locations 270 km apart with different tree and herbaceous
vegetation within the broad A/B native pasture land type of
central Queenslandwere selected on commercial cattle properties
for grazing pressure experiments. The sites were in E. populnea
(poplar box site) west of Injune at lat. 25845023’S, long.
148824056’E, at 480m elevation, and E. melanophloia (ironbark
site) near Rubyvale at lat. 23822030’S, long. 147835015’E, at
325m elevation (Fig. 1). Both sites had two similar grazed and
ungrazed experiments, providing four grazing pressure treatments,
and the same pasture parameter measurements were recorded
between 1994 and 2002.

Details of the two sites, the multi-faceted experiment designs,
and treatments are described in Hall et al. (2016). Essentially,
there were two experiments: one had three grazing pressures
(low, medium, and high), in 12 grazed paddocks. It also included
treeless and treed competition treatments, by two replications.
The second experiment had 12 ungrazed plots, and also included
the same two tree competition treatments plus two burning
regimes (spring burns and no burning), by three replications. The
treeless treatments were created by poisoning all trees using
registered herbicides and commercial practices. These treatments
of grazing pressures, tree competition and burning were selected
because they are common commercial management practices for
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cattle production across the A/B communities. All treatments
commenced in 1994.

Grazing treatments

Four consistent grazing pressure treatments were set as pasture
use rates of the autumn standing herbage mass (kg ha–1 dry
matter). The rates were: ungrazed (0% pasture use), low (~25%),
medium(50%) andhigh (75%).Estimated average annual pasture
growth was calculated from the GRASP model (McKeon et al.
1990) to set the initially paddock sizes. The animals’ expected
consumption over a year was calculated at 10-day intervals from
the daily intake equation (Eqn 1) of Minson and McDonald
(1987), assuming the growth rates of young steers estimated by
local producers on that land type throughout the year. These
growth rates varied in a sigmoidal pattern between potential daily
gains of 1 kg head–1 day–1 in mid-summer to losses in late winter
of 0.3 kg head–1 day–1.

Daily intake ðkg DMÞ ¼ 1:185þ 0:00454L

� 0:0000026L2 þ 0:315G2
ð1Þ

where: L = current liveweight (kg) and G= daily liveweight gain
(kg head–1 day–1).

This method of setting grazing pressure is based on autumn
feed-budgeting, which can be used by land managers, and forms
a basis of best management practice education packages for
cattle producers (Queensland Government 2016). It differs from
computer-modelled pasture utilisation assessments based on
calculating annual new pasture growth from long-term climatic
data and the soil type characteristics (Scanlan et al. 1994;
Johnston et al. 1996). Their methods estimate a grazing pressure
for strategic long-term planning for pasture sustainability,
whereas our research method is designed for shorter-term
tactical management decisions. Our method incorporates recent
seasonal conditions, grazing history and carry-over forage, but

not new growth in the upcoming year. Dry-season nutritional
supplements or seasonal climate forecasting (O’Reagain et al.
2009; O’Reagain and Bushell 2013) did not influence our
stocking rate calculations.

The 12 grazed paddocks at each site varied in size from 4 to
18 ha at the poplar box site and 3.5 to 21.5 ha at the ironbark site,
depending on the expected pasture response from killing trees
and on the potential to initially carry three 200-kg weaner steers
(brahman cross) at the planned grazing pressure for a 1-year
period, with a residual 150 kg ha–1 of pasture. The 12 ungrazed
plotswere each1 ha in area.Anewherdofweaner steersweighing
175–250 kg was introduced to the grazed paddocks annually
after the autumn pasture recording and remained until after
the next autumn assessment. Grazing pressure was adjusted
annually by changing animal numbers and/or total initial animal
liveweight. There were 8 and 7 herds at the poplar box and
ironbark sites respectively. Usually no stock adjustments were
made later during a year as seasonal conditions changed.
However, one steer was removed from both high grazing
pressure paddocks for welfare reasons as pasture quantity
declined below an estimated 500 kg ha–1 in spring 1999 at the
poplar box site and in the summer of 1996 at the ironbark site.
These animals were returned to the treatment when summer rain
produced new pasture growth.

At the poplar box site, trees were poisoned in July 1994, the
first cattle herd was introduced on 30 November 1994, and the
first pasture assessment was conducted in January 1995. At
the ironbark site in 1994, trees were poisoned inMarch, an initial
pasture assessment was recorded in July, and cattle were first
introduced on 4 November.

Pasture response to grazing pressure

In the four treatments, the pastures and their response to grazing
pressure and seasonal conditions were measured annually by:

Australia
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pasture community
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Aristida/Bothriochloa

Fig. 1. Location of the two research sites and their nearest towns: poplar box (Injune) and
silver-leaved ironbark (Rubyvale) in the Aristida/Bothriochloa native pasture community of
eastern Queensland. The insert shows the location within Australia.
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* Composition (%) of total herbage mass contributed by each
species or species functional group,

* Frequency (%) of pasture species (measured as occurrence in
the recording quadrats),

* Herbage mass (kg ha–1) of total standing pasture (dry matter
yield),

* Ground cover (%) by plants and litter (permanent/semi-
permanent organic matter),

* Pasture crown cover (%) of the ground covered by live pasture
plant crowns (basal area), and

* Plant density (number per square metre) of grass species.
Species composition, species frequency, standing herbage

mass, and ground cover were determined in April–May (autumn)
each year after the summer growing season using theBOTANAL
protocol (Tothill et al. 1992).Datawere recorded on a grid pattern
using 0.25-m2 quadrats. Ranked standing pasture herbage mass
(dry matter), percentage contribution by themain species (up to 6
per quadrat), and total ground cover percentage were recorded
in each quadrat to calculate total herbagemass, individual species
mass contribution (% composition), and species frequency
(%occurrence). The pastureswere recorded for eight consecutive
years: 1995–2002 in the poplar box community, and 1994–2001
at the ironbark site.

Pasture crown cover (%) of species was recorded each winter
using the point-frame technique (Rangelands West 2014) along
three 150 m-long permanent transects in each grazed treatment
and two 100 m-long permanent transects in each ungrazed
treatment. Five pins in each frame were 15 cm apart and frames
were laid end-on-end along the transect length. Any species
struck at its base on the soil surface by a pin was recorded.

Population dynamics of the main perennial grasses, recorded
as plant density, were assessed each winter in fixed, permanently
marked quadrats in all treatments using the charting technique
of Jones et al. (2009).At thepoplar box site therewere 27quadrats
of 1m� 0.5m in each grazed treatment, and nine equivalent
quadrats in each ungrazed treatment, whereas the ironbark site
had 15 quadrats of 1m� 1m per grazed paddock, and three
similar quadrats in each ungrazed plot. In every quadrat, the
basal dimensions of each live grass, aswell as that of new recruits,

were measured, while the loss of plants was also recorded. From
this population data, the fluctuating numbers and density of key
grasses in response to grazing pressure were calculated.

Statistical analyses

Statistical analyses of the data were performed with the GENSTAT

package (GENSTAT 2015), mainly using ANOVA and the REML
protocol for handling repeat time-series data. The two sites
and experiments were analysed separately. For each pasture
parameter, the ‘grazed treatments’model was the main effects of
three grazing pressures (low,mediumand high) by years,meaned
across the two tree treatments and two replications. The ‘ungrazed
treatment’model was the pasture parameter mean of the 12 plots
by years, across the two tree treatments, two burning regimes
and three replications. A probability level of 5% (P < 0.05) or
lower was accepted as a statistically significant grazing pressure
main effect. Althoughdata are presented graphically infigures for
grazed and ungrazed effects over time, they are not statistically
analysed together due to the multi-faceted experimental design.
The statistical differences (l.s.d.) shown in Figs 3 to 6 relate only
to the three grazed treatments.

Results

Rainfall

The two sites shared a similar range of growing seasons. Both
experienced high rainfall (decile 8 or 9) summers as well as low
rainfall (decile 1 or 2) years. The sites averaged slightly below
(20–60mm) their long-term annual mean rainfall with 573mm
at the poplar box site and 639mm at the ironbark site. The
summer rainfall pasture growing season, October–March, during
the experiments and for the previous year 1993–1994 (decile 4
at both sites) are shown in Table 1. Both sites experienced three
dry growing seasons (summer deciles 2 or 3) and annual totals
that were equally low. Contrasting rainfall between sites
occurred in the 1997–1998 summer with a high decile 8 summer
at the poplar box site and a low decile 2 season at the ironbark
site, and again in 1999–2000, when the poplar box site had

Table 1. Annual (July–June) and summer (October–March) rainfall (mm) and decile values at each site during both
the experimental period and the previous year

Decile values are the ranking of each season relative to the long-term district average

Year Poplar box site Ironbark site
Annual Summer Annual Summer

(July–June) Decile (Oct.–Mar.) Decile (July–June) Decile (Oct.–Mar.) Decile

1993–1994 557 4 414 5 526 4 352 3
1994–1995 392 1 314 2 472 3 378 4
1995–1996 571 5 439 6 460 2 321 3
1996–1997 654 7 475 7 829 7 717 9
1997–1998 707 7 506 8 483 3 296 2
1998–1999 844 9 527 8 852 9 602 8
1999–2000 391 1 288 2 632 6 398 5
2000–2001 569 5 501 7 745 7 670 9
2001–2002A 456 2 270 2 – – – –

Long-termB 634 – 425 – 658 – 481 –

AIronbark site was not recorded in 2002.
BPoplar box site rainfall from ‘Westgrove’, Injune recording station; Ironbark site from Anakie town records.
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a dry year (decile 1) and the ironbark site had above-average
rainfall (decile 6).

There were summer rainfall events each year that produced
pasture growth periods at both sites. However, there were also
extreme year-to-year fluctuations in summer rainfall at the
two sites, for example, over the 3 years from 1996–1997 to
1998–1999 the ironbark site received 717, 296 and 602mm
respectively. An unusually wet winter (June–August) at both
sites in 1998, 402mm and 376mm at the poplar box and
ironbark sites respectively, kept more green leaf in the pastures
and grew more winter-active forbs than were present in average
rainfall years. However, this higher winter rainfall impacted
negatively on perennial tussock grasses in the ungrazed treatment
at the poplar box site.

Pasture response to grazing pressure

Pasture composition (species dry matter yield
as % of total standing herbage mass)

The pasture was dominated by different perennial tussock
native grasses at the two sites. Bothriochloa decipiens and
Enteropogon ramosus (twirly windmill grass) were prominent
at the poplar box site, but were rare in the ironbark pastures,
whereas B. ewartiana and H. contortus were prominent at the
ironbark site but not commonat the poplar box site. Twodesirable
3P native grasses, T. triandra and D. sericeum occurred in both
communities, as did a range of 2P grasses (perennial and
palatable or perennial and productive) such as Chloris (windmill
grasses), Enneapogon (bottlewasher grasses) and Eragrostis
(love grasses) species. A range of undesirable Aristida spp.
(wiregrasses) were present also in both communities. The main
forage species and minor species groups at these two sites have
been described by Hall et al. (2016).

Poplar box pastures

No perennial grasses were dominant across the poplar box
site, where a range of species contributed individually 6–15% of
the pasture mass. A mean of 24 grass and 18 forb species were
recorded annually in the grazed paddocks out of the total of
74 herbaceous species recorded during the experiments. There
was a decrease inD. sericeum composition to increasing grazing
pressure, from an 8-year mean annual contribution of over 9% at
low andmedium grazing pressure to 4% at high grazing pressure,
where it had declined to 1.6% by 2002. There was a similar trend
for the desirable, but uncommonH. contortus as grazing pressure
increased, at an annual mean of 3.3%, 0.6% and 0% at the low,
medium and high pressures respectively. Grasses that increased
their percent composition with increasing grazing pressure over
8 years, included:
* B. decipiens, which had a mean annual contribution of 7.4% at
low compared with 13.8% at high grazing pressure,

* Chloris divaricata (slender chloris or windmill grass) a short-
lived perennial, from 1% at low to 7% at high grazing pressure,
compared with no change when ungrazed, and

* C. fallax, Eragrostis spp., particularly Eragrostis molybdea
(granite lovegrass), andTripogon loliiformis (five-minutegrass).
The contribution of Sclerolaena birchii (galvanised burr), a

common indicator of overgrazing and drought, declined under

all grazing pressures, but by 2002 had its highest composition
(3%) under high grazing pressure.

There were inconsistent grazing pressure responses from
the abundant grasses E. ramosus, Aristida ramosa (purple
wiregrass), and Enneapogon spp., and also from the ‘other
broadleaf forbs’ group. Tragus australianus (small burrgrass)
increased its contribution marginally at high grazing pressure,
but was less than 1% in all treatments after 8 years. Grazing
pressure did not appreciably alter the contribution of the
perennial tussock grass Panicum effusum (hairy panic) nor that
of the forb species Fimbristylis dichotoma (fringe sedge),
Brunoniella australis (blue trumpet), Calotis spp. (daisy burrs)
and Verbena tenuisecta (Mayne’s pest).

The percentage composition of the Aristida spp. group
increased at low grazing pressure (+10.1%) and declined under
high grazing pressure (–2.5%) by 2002. There was a relative
decrease in A. ramosa during the wetter summers with an
increase again in the drier final years to be near its original
mass proportion. The native legumes, including species of
Rhynchosia, Desmodium, Glycine, Indigofera, Tephrosia, and
Zornia, fluctuated between 0.1% and 1% composition and were
not significantly affected by grazing pressure, but increased in
higher rainfall years.

Silver-leaved ironbark pastures

The two dominant grasses, B. ewartiana and H. contortus,
contributed over 70% of the total autumn pasture mass at high
grazing pressure late in the experiment. The other grass species,
forbs, and native legumes group, many being the same genera as
those present at the poplar box site, contributed individually less
than 5% of total pasture mass. Of the major desirable grasses,
T. triandra and D. sericeum had the greatest composition
decrease at high grazing pressure, whereas the undesirable
Aristida spp. had negligible change from a low base. The mass
of the common T. australianus never exceeded 4% of the
total pasture, and declined in 1999 and 2001. Increaser trends,
based on the concepts of Dyksterhuis (1948), were shown by
C. divaricata, and possibly by H. contortus. Bothriochloa
ewartiana is rated as a ‘mid’ reactor as it tended to contribute
greatest proportions at medium grazing pressure.

The strongly perennial grass Eulalia aurea (silky browntop)
initially contributed 7% of herbage mass but it declined to 1%
by 2001, irrespective of the grazing pressure. Between 1994
and 2001, there was no consistent grazing pressure effect on
the common grasses C. fallax, declining from 14% to 5%, and
Enneapogon spp., declining from 4% to 1%. Other common
species that showed no strong response to grazing pressure were
Eragrostis spp., Panicum spp. (panic or millet grasses),
T. loliiformis, native legumes, the sedges (Cyperus spp. and
Fimbristylis spp.), and the ‘other broadleaf forbs’ group.

Pasture community species comparison

The reaction to grazing pressure of species common to both
sites is shown in Fig. 2 as mean annual percentage composition
recorded over 8 years. Similar response trends mostly occurred
at the two sites, but the rate of change often differed. For
example, D. sericeum increased steadily up to the 50% use rate
at the poplar box site, before a rapid decline at the 75% rate,
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Fig. 2. Eight-year annual mean composition (as % of total standing herbage mass in
autumn) of common pasture species and species groups in response to four grazing
pressures (ungrazed, low, medium, and high), set as a percent of the autumn pasture to be
grazed over the coming year (0%, 25%, 50%, and 75% respectively), at the poplar box
site between 1995 and 2002 and at the ironbark site between 1994 and 2001. Species:
Dichanthium sericeum, Themeda triandra, Tripogon loliiformis, Tragus australianus,
Chloris spp., native forb species, Enneapogon spp., Eragrostis spp., Aristida spp.,
Bothriochloa bladhii,Chrysopogon fallax, and palatable native legumes.Note the different
composition scales.
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whereas in the ironbark community, where its contribution was
less, there was not a similar decline (Fig. 2a). There was a steady
decline in composition of T. triandra as grazing pressure
increased at both sites, although from a much greater level
in the ironbark community (Fig. 2b). As grazing pressure
increased, small-statured species such as T. loliiformis (Fig. 2c),
T. australianus (Fig. 2d), Chloris spp., predominantly
C. divaricata (Fig. 2e) and the common forbs group (Fig. 2f)
also increased their percentage composition, but at varying
degrees, especially at the high grazing pressure. Notably, the
Sida spp. (flannel weeds) at the poplar box site tripled their
composition to 2.7% at high grazing pressure compared with
that at low pressure. There was a greater grazing pressure
response by the 2P species at the poplar box site than in the
ironbark pasture, with Enneapogon spp. (Fig. 2g) and Eragrostis
spp. (Fig. 2h) having their highest composition at the 75% use
rate.Aristida species had a negligible contribution at the ironbark
site, but had a much reduced contribution where grazed at the
poplar box site, from 26.5% at low to 13% at the high grazing
pressure (Fig. 2i). There was a steady decline in the proportion of
the desirable grass B. bladhii as grazing pressure increased at the
poplar box site, whereas spatial variability coupled with a low
presence produced an unclear result at the ironbark site (Fig. 2j).
Chrysopogon fallax made its greatest contribution at both sites

when ungrazed and it had a differing response between the 50%
and 75% use rates, increasing in the ironbark pastures and
declining at the poplar box site (Fig. 2k). The proportion of
palatable legumeswas double in the ironbark site pastures (1.2%)
compared with in the poplar box pastures, but grazing pressure
had no major impact on legume composition at either site
(Fig. 2l). The annual mean composition of H. contortus was
similar and over 22% for all treatments at the ironbark site, but
never reached 2.5% in any treatment at the poplar box site
where its contribution declined with increasing grazing pressure
to an annual mean of 0.14%.

Species frequency (%)

Poplar box pastures

After 8 years, high grazing pressure had a significant impact
on D. sericeum frequency, which was 25% in the low grazing
pressure pasture, but only 7% under prolonged high grazing
pressure (Table 2). The species’ mean autumn frequency over
the 8 years was 24.5%, 23.1% and 10.9% for the low, medium
and high grazing pressures respectively. The frequency of
H. contortus was a better indicator of grazing pressure than its
contribution to the pasture when measured as dry matter
composition. By 2002, its frequency was 7.9%, 3.3% and 0.5%

Table 2. Frequency percent changes of key pasture species in autumn in response to four grazing pressures at the poplar box and ironbark sites
between 1994 and 2002

Negative differences indicate the frequency has declined since 1994 or 1995. (Sorted by grazing impact rating)

Site Plant species Grazing pressure (annual pasture use %)
Ungrazed (0%) Low (25%) Medium (50%) High (75%)

Frequency %

Poplar box (1995–2002) 1995 diffA 1995 diff 1995 diff 1995 diff Grazing impact
Chloris divaricata 4.1 3.2 8.2 22.4 1.5 28.4 2.5 29.8 Increase
Chrysopogon fallax 52.7 –22.0 30.1 –7.3 33.0 1.8 15.9 2.9 Increase
Tripogon loliiformis 16.5 –13.6 7.1 3.2 1.0 21.8 2.5 29.9 Increase
Dichanthium sericeum 8.3 2.6 9.7 15.3 16.3 4.5 7.0 –0.1 Decrease
Verbena tenuisecta 0.0 11.8 0.0 5.1 0.0 7.2 0.0 2.9 Decrease
Enteropogon ramosus 3.3 3.4 18.2 1.2 6.9 1.1 26.9 –9.1 Unclear
Aristida ramosa 30.4 12.7 3.2 32.6 3.0 32.8 2.5 20.7 Nil
Enneapogon spp. 22.4 0.5 38.0 7.3 39.0 1.7 39.1 4.5 Nil
Tragus australianus 6.6 –6.3 21.6 –19.2 23.7 –22.7 25.3 –22.7 Nil
Brunoniella australis 18.2 –14.3 32.3 –12.4 43.9 –25.0 22.8 –11.1 Nil
Native legumes 19.6 –5.4 12.0 1.1 24.0 –4.5 12.0 –1.8 Nil

Ironbark (1994–2001) 1994 diff 1994 diff 1994 diff 1994 diff –

Chloris divaricata 1.9 –1.9 0.0 13.6 0.0 29.0 0.0 35.4 Increase
Chrysopogon fallax 48.5 –12.8 41.1 –5.3 43.4 –5.4 38.9 –1.0 Increase
Heteropogon contortus 28.4 18.0 24.3 28.6 25.1 29.0 22.8 32.3 Increase
Tripogon loliiformis 21.4 –19.8 14.1 –1.9 10.2 12.0 12.1 17.0 Increase
Sedges 42.0 –35.0 30.9 –22.8 24.5 –15.8 19.4 –8.4 Increase
Other broadleaf forbs 82.8 –37.4 74.00 –22.2 73.3 –7.6 71.1 –2.6 Increase
Enneapogon spp. 18.9 –7.5 14.8 1.8 16.9 5.7 19.9 –7.8 MidB

Themeda triandra 14.1 37.7 16.3 10.6 19.0 –5.7 17.2 –7.7 Decrease
Dichanthium sericeum 2.6 3.9 4.1 1.2 6.4 1.2 5.2 –2.1 Decrease
Bothriochloa ewartiana 42.3 21.5 32.1 27.5 36.1 28.7 31.7 25.2 Nil
Aristida spp. 26.3 –10.5 21.5 –17.5 21.3 –14.9 16.8 –9.1 Nil
Eulalia aurea 11.5 –9.5 14.2 –9.6 12.9 –7.5 13.8 –11.2 Nil
Native legumes 71.3 –13.5 60.3 –18.1 68.7 –19.6 57.3 –5.9 Nil

ASpecies frequency (% occurrence in quadrats) diff. is the change from the initial to final recordings.
BA ‘Mid’ is a plant that is less common at both high and low grazing pressure (Silcock et al. 2005).
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at low, medium and high grazing pressure respectively,
compared with its highest annual mean composition, by weight,
of 2.3% at low grazing pressure. Conversely, the frequency of
T. loliiformis was 32% under high grazing pressure and 10%
with low grazing pressure (Table 2). Its 8–year annual means
were 12%, 21% and 28% for the three increasing grazing
pressures respectively. The most frequent taxon was Enneapogon
spp. with a similar frequency of 41% under the three grazing
pressures. The next most common species, C. divaricata,
increased over time from a mean of 4–26% and had a marginally
higher final frequency at high grazing pressure (32%) (Table 2).
There were fluctuations over time in frequency of both desirable
and undesirable forage species, but there was no extensive
weed species invasion caused by the grazing treatments,
although Sida spp. increased in patches to a frequency of 21.5%
at high grazing pressure by 2002.

Other notable frequency responses to grazing pressure were:
* Calotis spp., predominantlyC. lappulacea (yellow daisy burr),
fluctuated seasonally with a strong response to higher winter
rainfall in all treatments, for example from 6.1% to 21.1%
frequency between 1998 and 1999 when grazed. By 2002 its
frequency increased with increasing grazing pressure with a
mean of 9.9%, 11.9% and 17.6% at the low, medium and high
grazing pressure respectively,

* B. bladhii frequency was 5.7% under low grazing pressure
compared with 0.2% at high grazing pressure after 8 years,

* V. tenuisecta, a moderately palatable forb, had the lowest
frequency when heavily grazed. The 8-year means were 5.1%,
7.2% and 2.9% for low, medium and high grazing pressure
respectively,

* Forb species (non-legumes) of low palatability, such as
Malvastrum americanum (malvastrum), Portulaca spp.
(pigweeds) and S. birchii increased slightly over time under
high grazing pressure.
The frequency of some common species fluctuated during

the experiments, independent of grazing pressure. For example,
the unidentified Aristida species group increased in all grazed
treatments from a mean of 1% to 9.5%, T. australianus declined
from 22% to 1.6%, but with high annual variability, and
B. australis frequency fell from 33% to 20% by 2002.

The legumes and broad-leafed forbs had a high frequency
of occurrence (Table 2) but low total mass, and showed no
consistent response to grazing pressure. In contrast to the
ironbark site where the soil was spatially very consistent, there
were species preferences to soil types in the poplar box
community. Bothriochloa bladhii was more frequent on the
heavier textured, clay soils (Vertosol) of the creek flats, whereas
B. decipiens preferred the lighter textured, loam soil types
(Sodosols) of the hill slopes. Cenchrus ciliaris (buffel grass)
was the only exotic pasture species present, occurring in isolated
disturbed microsites such as along firebreaks. It did not spread
in any treatment.

Silver-leaved ironbark pastures

The autumn frequency of the dominant grasses better reflected
their composition percent by weight at this site. For example,
B. ewartiana had an 8-year mean annual frequency between
46% and 52% with a mean composition between 34% and

46%, and H. contortus mean frequency was between 36% and
40% at amean composition of between 22% and 25% for the four
grazing pressures. However, H. contortus increased most in
frequency under high grazing pressure from 32% to 55%
(Table 2), although there was no similar change in its percent
composition (mean 23.1%).Increasing grazing pressure caused a
decrease in frequency of T. triandra from 52% ungrazed to 9.5%
at high grazing pressure (Table 2), and had no significant effect
on B. ewartiana frequency which increased under all four
treatments from an initial mean of 36–61%. The high grazing
pressure significantly (P < 0.05) increased the frequency of
C. divaricata (to 35%) and Digitaria spp. (windmill or finger
grasses) where differences were significant in 1999 and 2000,
and T. loliiformis, to 29% by 2001. The frequency of C. fallax
was roughly maintained at all grazing pressures. Although the
broadleaf forb group and sedges declined under all grazing
pressures over 8 years, they had the smallest change at high
grazing pressure. Frequency of many species fluctuated in
response to seasonal conditions and not in response to grazing
pressure. For example, Panicum effusum decreased by 20%,
whereasB. ewartiana increased by over 20%, but from a different
starting frequency. Native legume frequency was high with
annual fluctuations correlated with grazing pressure in some
years and with seasonal conditions in others. As in the poplar
box pastures, small-statured, minor pasture components, such
as the native legumes, often had a high frequency of occurrence,
disproportionate to their low mass contribution.

Increasing grazing pressure increased the frequency of the
annual grass T. australianus in most years, with a peak of 15%
at high grazing pressure in 1998. However, in 2001 its frequency
declined to a mean of 2% over all grazing pressures despite
above-average rainfall the previous summer and a trend of
increasing total herbage mass. There was no grazing pressure
effect on Aristida spp. frequency which declined generally over
7 years, and frequency changes in Enneapogon spp. were also
more related to seasonal rainfall than to grazing pressure.
Other minor pasture components, many of which are short-lived
perennials, had minimal responses to grazing pressure.

Herbage mass in autumn

Low pasture herbage mass (dry matter yield) at the start of the
experiments, 500 kg ha–1 at both sites, reflected the prior low
rainfall and commercial grazing practices over the previous
2–3 years. With higher summer rainfall in subsequent years,
yields increased markedly, particularly in the ungrazed and low
grazing pressure treatments, to 3000 kg ha–1 in the poplar box
community and to 5000 kg ha–1 at the ironbark site. For the first
few years, the differing grazing pressures steadily increased the
gap in autumn herbagemass between grazing pressure treatments
at both sites. Cattle grazed all grasses at the high grazing pressure,
including the less palatable species, with the result that standing
autumn herbage mass fell below an estimated 500 kg ha–1 on two
occasions in spring at both sites.

Herbagemass increased rapidly at thepoplar box site (Fig. 3a),
reaching amaximum in 1997 and 1998 before declining, whereas
the initial increase was ongoing at the ironbark site (Fig. 3b).
This site produced up to 2000 kg ha–1 greater pasture mass than
the poplar box site in the ungrazed and low grazing pressure
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treatments from similar summer rainfall. However, the ironbark
pasture had less winter and spring greenness due to a
combination of fewer cool season rainfall events and a paucity of
species capable of responding to the small winter falls, for
example Chenopodium species.

Poplar box pastures

In the poplar box pastures, the mean annual herbage mass
was 3350, 2670, 2230 and 1240 kg ha–1 for the ungrazed, low,
medium and high grazing pressures respectively. Of these
means, 280, 120, 105 and 160 kg ha–1 respectively were
contributed by forb species. These pastures did not sustain the
herbage mass reached in 1998 because summer rainfall was well
below average (decile 2) in the 1999–2000 and 2001–2002
summers. The effect of the grazing pressures on herbage mass
was consistent over time and, where ungrazed, autumn pasture
mass was often over 1000 kg ha–1 greater than in the low grazing
pressure pastures (Fig. 3a). The common grasses B. decipiens,
A. ramosa and E. ramosus, contributed an average of 370,
220, and 170 kg ha–1 respectively, whereas five other perennial

grasses, D. sericeum, C. divaricata, Aristida calycina (branched
wiregrass), Enneapogon spp. and C. fallax, each contributed up
to 140 kg ha–1 in some years.

Although the mean annual (1995–2002) herbage mass of
D. sericeum was 210, 155 and 45 kg ha–1 at low, medium and
high grazing pressures respectively, at the end of the experiment
negligible D. sericeum or B. australis remained in the high
grazing pressure treatment (Fig. 4a). The relatively unpalatable,
especially when mature, B. decipiens, became more prominent
under medium grazing pressure (Fig. 4b). It flourished initially
when ungrazed, but it declined markedly after the wet winter of
1998 when its accumulated dense thatch collapsed and fungi
rotted its crowns in this treatment. Under low grazing pressure,
bulky 3P grasses like T. triandra and B. bladhii were more
competitive.

The mass of most grasses was reduced by the high grazing
pressure treatment, with the exception of T. loliiformis, which
contributed up to 95 kg ha–1. The aggregate contribution of
Aristida spp. was always low under high grazing pressure,
<200 kg ha–1, but rose to 800 kg ha–1 under low grazing pressure
(Fig. 4c).AlthoughE. ramosus reached590 kg ha–1 on1year, this
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normally low palatability grass had the tops of its tussocks hedge-
grazed to less than 50% of its ungrazed height by late spring
each year in the high grazing pressure treatment. Its occurrence
across the site reflected soil factors, whereas its autumnmass was
more affected by rainfall than grazing pressure (Fig. 4d). The
unpalatable, weed-type forbs, such as Sida spp., had their highest
standing herbage mass (mean 40 kg ha–1) in the high grazing
pressure treatment.

Silver-leaved ironbark pastures

In the ironbark pastures, standing herbage mass differences
between the high and low grazing pressures were significant
(P < 0.05) in all years. These differences also occurred often
between the medium grazing pressure and the other two grazed
treatments (Fig. 3b). The 8-year herbage mass means were 4040,
2880, 2080 and 1350 kg ha–1 for the ungrazed, low, medium and
high grazing pressures respectively. Peaks in grazed herbage
mass (>2500 kg ha–1) in the autumn of 1997, 1999 and 2001
followed above-average summer rainfall (Table 1). Both the
ungrazed and low grazing pressures produced high autumn
standing herbage mass in all years, reaching >5500 kg ha–1 in
autumn 2001. The decline in herbage mass of ungrazed pastures
in 1999was due to an unplannedfire inOctober 1998. The peak in
herbagemass under high grazing pressure after a poor 1997–1998
summerwas due to there being too few animals de-pasturedwhen
well above-average winter, spring and summer rains occurred
during 1998.

Autumn herbage mass was driven by summer growth of the
three major perennial grasses B. ewartiana, H. contortus and
T. triandra (Fig. 5). Their trend of increasing herbagemass during
the experiment was in response to improving seasonal condition,

with the mass of B. ewartiana peaking at 1610 kg ha–1 in 1999
under low and medium grazing pressure (Fig. 5a). This contrasts
with 845 kg ha–1 after the dry summer of 1997–1998. Over
all treatments, the autumn mass of B. ewartiana averaged
1120 kg ha–1, whereas that of H. contortus, T. triandra, and
C. fallax was 640, 330 and 160 kg ha–1 respectively.

High and medium grazing pressure decreased the autumn
mass of Aristida spp. andEnneapogon spp. in most years. At low
grazing pressure, Aristida spp. mass increased markedly after
above-average summer rainfall in 1996–1997 (210 kg ha–1) and
2000–2001 (250 kg ha–1) (Fig. 5b). Ungrazed Aristida spp. and
Enneapogon spp. did not recover herbage mass rapidly after the
fire in 1998, comparedwith the relative increases byB. ewartiana,
H. contortus and T. triandra (Fig. 5a, c, d).

Ground cover

Ground cover in autumn, a time of relatively high cover, varied at
both sites and reflected the four grazing pressures and the total
rainfall over the previous summer (Fig. 3c, d). Ground cover in
poplar box pastures rarely reached 60% when grazed, but it was
mostly greater than 40% in all treatments, except under high
grazing pressure in the low rainfall years (Fig. 3c). This cover
included poplar box tree leaf-fall on occasions, to 600 kg ha–1 in
more densely treed patches after a low rainfall summer. Ground
cover at the ironbark site when the experiments commenced after
several below average rainfall years was 45–55%, reflecting
conservative prior grazing. Thereafter, at this site, increasing
grazing pressure resulted in significantly less (P < 0.05) autumn
ground cover in 6 of the 8 years to 2001. Ground cover after the
first few years was generally over 50% under high grazing
pressure and over 70% at low grazing pressure. The ground cover
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in ungrazed ironbark pasture averaged around 90% in later years
(Fig. 3d) compared with only 70% for the equivalent poplar box
site pasture.

Pasture crown cover (basal cover)

There was a trend of increasing pasture crown cover at all grazing
pressures at the poplar box site and in the ungrazed and low
grazing pressure treatments at the ironbark site, but seasonal
effects were marked at both sites. Crown cover was usually
highest at low grazing pressure and lowest under high grazing
pressure (Fig. 3e, f). At the poplar box site there was a significant
crown cover difference (P < 0.05) between high and low grazing
pressure when averaged over all years, but it was not significant
within any single year. Pasture crown cover ranged from below
2% to almost 6% in the ungrazed, low and medium grazing
pressure treatments in the poplar box pastures, with significant
(P < 0.05) between year differences from 2% in 1995 to 5.3% in
2001. The consistent grazing pressure effect resulted in a greater
(P < 0.05) average crown cover of 3.9% under low grazing
pressure than the mean of 2.9% under high grazing pressure.
There is no clear explanation for the crown cover decline in 1999
in the grazed treatments. The ranking of species basal cover
contribution under the grazed treatments was, from highest,
C. divaricata, Aristida spp. group, B. decipiens, E. ramosus,
Enneapogon spp., T. loliiformis, D. sericeum, A. ramosus,
C. fallax and B. bladhii.

In the ironbark community, increasing grazing pressure
significantly reduced pasture crown cover in 4 years, and from
near 4% at low and ungrazed, to below 2% at medium and high
grazing pressure in 2000. Two years of high grazing pressure
elapsed before a significant reduction (P< 0.05) occurred in
crown cover, despite herbage mass being significantly reduced

after 1 year. The species contribution to basal cover throughout
the experiments, ranking from highest, was H. contortus,
B. ewartiana, C. fallax and T. triandra.

Plant density

Population density of the main perennial grasses is the net result
of survival and recruitment. At the poplar box site plant density
fluctuated slightly with seasons, but plant turnover (total deaths
compared with original numbers) was 50% greater at high
than at low grazing pressure. Turnover of plants was greatest in
D. sericeum (240% of the original numbers by 2000), compared
with 115% for A. calycina and B. decipiens, and least for
E. ramosus (39%) and C. fallax (28%). There was a general
increase in population density in all treatments between 1998
and 2000, but values were strongly related to the original density
at the fixed recording positions. The initial density of the
relatively dynamic D. sericeum was greatest (3.5 plants m�2) at
the high grazing pressure locations and least (1.8 plantsm�2) at
the ungrazed recording locations. Between 1995 and 2000 those
densities ranged between 2.4–4.8 and 1.8–3.6 plants m�2 at the
high pressure and ungrazed locations respectively. The low and
medium grazing treatment recordings began between those
initial extremes, but ended as equal highest at 5.0 plants m�2

(Fig. 6a). The density of the less palatable B. decipiens changed
less due to grazing pressure than to summer seasons, initially
varying among treatments from 3 to 9 plantsm�2 (Fig. 6c).

At the ironbark site, density of H. contortus fluctuated
markedly between 5 and 25 plantsm�2 and was significantly
affected by grazing pressure in 2000 (Fig. 6b), with density
related inversely to grazing pressure that year. The density of
B. ewartiana was more stable at 4–8 plantsm�2 (Fig. 6d) and
was influenced by the initial location selected. Grazing pressure
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had no significant effect on this species over the recording period.
Density ofC. fallaxplants proved difficult tomeasure at both sites
because of its spread by underground rhizomes and it often
appeared as a sparse mat of discreet tillers that may have
developed from a single parent plant.

Discussion

Indicator plants for grazing pressure management decisions

Plants are well known as indicators of rangeland condition
(Whitehead et al. 2001) and ecological factors such as
biodiversity (Landsberg and Crowley 2004), but are less well
recognised as indicators of grazingmanagement consequences in
northern Australia. Ash et al. (2002) and Walsh and Cowley
(2011) report land managers are seeking advice about plant and
pasture indicators that they can use to monitor what effects their
grazing pressure management decisions are having on their
pastures. Identifying grazing indicator plants can be difficult
because of their strong, short-term interaction with seasonal
conditions and soil type preferences. These experiments have
highlighted a rangeof indicator pasture species landmanagers can
use to assist their grazing pressure or stocking rate decisions for
these poplar box and silver-leaved ironbark A/B communities.
Also, the choice of indicator species can vary with the abundance
measure used, such as composition or proportion of standing dry
matter, plant frequency or crown cover.

Both the same and different indicator species were identified
for these twoA/B communities. For example, a high or increasing
herbage mass proportion and an increasing frequency of
T. triandra is a good indicator of low or sustainable grazing

pressure in both communities, while an increasing trend by those
measures for C. divaricata and C. truncata is an indication of
increasing, to high, grazing pressure. In the poplar box pastures
the latter was not a totally undesirable response, as these Chloris
spp. responded rapidly to spring rainfall and their high density
of small plants provided spring or early summer grazing and soil
surface stability at this more susceptible time. Their increase
was particularly noticeable in selectively patch-grazed areas. The
preferred species at the poplar box site, D. sericeum, responded
negatively to high grazing pressure, butmaintained its production
and frequency at medium and low grazing pressure after 8 years,
although annual responses in production and density were
sensitive to seasonal conditions.

The common 3P grasses at both sites are not always useful
indicators of grazing pressure, with B. ewartiana in the ironbark
community not altering composition, as herbagemass proportion
or frequency, due to grazing pressure. Likewise, C. fallax
remained stable in both communities by all abundance measures,
but actedmore like an increaser.McIvor (2007) reported a similar
non-responsive result to grazing in two environments of north
Queensland. Heteropogon contortus abundance fluctuated
widely with seasons, but it acted more like an increaser based on
its frequency and plant density. This is contrary to most other
published opinion (McIvor and Scanlan 1994; Rolfe et al. 1997)
derived from different pasture types. Bothriochloa bladhii was
a good indicator of grazing pressure, but it is restricted to soil of
heavier texture, particularly in the lower parts of the landscape.

Among the 2P grasses few reliable indicator species were
identified apart from C. divaricata. There was a tendency for
T. loliiformis, Eragrostis spp. and T. australianus to act as
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increasers, but their response was not strong. The common
B. decipiens had a similar response to the four grazing pressures
at the poplar box site. Likewise, E. aurea was not a useful
indicator. Visually, E. ramosus indicates high general grazing
pressure when a distinct hedged top develops on most of its
tussocks.

Although a high frequency of Aristida spp. is often cited as
an indicator of over-grazing (Orr et al. 1997) they were not
reliable indicators during these experiments. The frequency of
the common A. ramosa increased marginally under all grazing
pressures in the poplar box community, but at high grazing
pressure it was grazed and had its lowest frequency after 8 years.
The short-statured, annual T. australianus, usually common
on bare ground after droughts in these environments, was an
inconsistent indicator of grazing pressure during these
experiments. It declined in frequency but increased in herbage
composition at both sites under high grazing pressure. The
frequency decline may have been from competition and
shading by taller perennial grasses which inhibited its spring
seed germination or subsequent seedling establishment. Also,
reasonable ground cover, offering seedling competition, was
maintained in these experiments.

Grazing pressure

The pasture composition changes indicate that removal by
cattle grazing over the ensuing year of the equivalent of 25% of
standing autumn pasture is a sustainable grazing intensity in the
long term for these two pastures. This is a safe grazing rate
providing annual grazing pressure which will maintain a
desirable pasture composition and land condition. This 25%
grazing use metric is within the 10–30% range of annual growth
commonly cited for sustainable rangeland use in more marginal
environments (Hunt 2008; Walsh and Cowley 2011; Orr and
Phelps 2013; Stone et al. 2016). Grazing use as high as 50%
of autumn forage in the short term in a recently cleared poplar
box community in the southern A/B zone also seems justifiable
in above-average rainfall years. This use rate in treeless pastures
in the southern poplar box country is higher than calculated
utilisation recommendations for other rangelands pastures.
However, it did not cause a deterioration of the pasture resource
under such seasons. Grazing rates between 25% and 50% use of
autumn forage could be imposed by experienced operators.

Pasture composition

Plant deaths occurred in most years particularly in the summers
ending in1998, 2000and2001, but the indicator species remained
persistent. The known sensitivity of T. triandra to high grazing
pressure (Coetsee 1975; Snyman et al. 2013) became evident
after 1 year at the ironbark site and after several years at the poplar
box site. This grass combines strong seed dormancy with a
tolerance of low fertility soils (Howden 1988) and fires. Periodic
wet summers can also inadvertently reduce grazing pressure to
low levels during the growth and seedling establishment phases
(Daly 1994). Pasture composition fluctuations due to seasonal
variation are often more critical to plant persistence than are
grazing management differences (Orr and O’Reagain 2011).

The absence of a clear grazing pressure response from
Aristida spp. and Enneapogon spp. is unexpected given that

both genera are regarded as increasers under continuous
heavy grazing pressure in north Queensland (Rolfe et al. 1997).
Both groups encompassed a variety of species that differed
between sites and in their palatability. For example, fine-
stemmed Aristida species at the ironbark site, A. schultzii,
A. gracilipes and A. perniciosa, were noted as being relatively
more palatable than the more common and coarse-stemmed
A. calycina and A. ramosa. In contrast, T. australianus did
have the expected increased herbage mass under increasing
grazing pressure during most years of the experiments. The
three taxa are grazed, but they have relatively low grazing
value.

Many species present at the poplar box site arewidespreadona
range of soil types in southern Queensland on other land types
(Schefe et al. 1993). They are adapted to non-seasonal rainfall
environments and survive droughts via strongly perennial
crowns, prolific seeding and dormancy of fresh seeds. The lack of
major pasture composition change over 8 years due to these
grazing pressures does not exclude the possibility that subtle
landscape degradation processes may have started at the higher
grazing pressures. For example, Sclerolaena spp. generally
increase in frequency during low rainfall years in this
environment, but persist only on degraded surfaces after the
drought breaks (NSW DPI 2014).

The high grazing pressure of 75%use kept the tops ofAristida
spp. as well as other low palatability grasses grazed and standing
herbage mass subdued, but it did not kill large numbers of plants.
Cenchrus ciliaris colonised some disturbed areas such as
roadsides and firebreaks, but did not spread into the native
pasture. This contrasts with the spread of C. ciliaris into poplar
box country on red earth soils (Chromosols) in southern inland
Queensland (Eyre et al. 2009).

At the ironbark site, herbage mass of B. ewartiana was
reduced by heavier grazing pressure and increased by good
summer rainfall at lowgrazing pressure, probably because cattle
have a lower grazing preference for it when other palatable
species are present. The slow recovery of the Aristida spp. in
ungrazed plots after the accidental fire in spring 1998 supports
the findings of Orr et al. (1997). These authors suggested that
Aristida spp. abundance was reduced by spring fires in pastures
where H. contortus was prominent. As in those pastures,
H. contortus grew vigorously after the fire, as did B. ewartiana
and T. triandra.

The inadvertently low grazing pressure at the ironbark site
over the well above-average rainfall 1998–1999 year allowed a
strong recovery of herbage mass and crown cover in one good
growing season after four consecutive years of high grazing
pressure. This shows the capacity of these perennial grasses to
recuperate from stress if previously in a healthy condition,
similar to the Astrebla spp. pastures reported by Orr and
Silcock (2010). At lower grazing pressure, fewer tiller buds are
grazed, and there is more carry-over ground cover during the
dry season with less runoff from the same amount of rainfall
(NRW 2006). This may be due to a greater density of plant
crowns, more litter and greater root density. Nonetheless, after
a setback, recovery of herbage mass generally occurred in one
growing season, but it took up to 2 years for the crown cover to
increase. The improvement was most marked in one good wet
season if there was an early start to that summer’s growth.
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Ground cover

Increasing grazing pressure had a direct impact on reducing
ground cover, which remained in relative proportion to the
grazing pressures throughout the experiments in both communities.
The grazed poplar box pastures had lower ground cover, around
40%, than the ironbark pastures, above 50%, irrespective of
grazing pressure. This cover also declined to a greater extent
in low rainfall summers. Cover at the ironbark site was between
60% and 80% in all treatments by 2001. The potential was
demonstrated for large ground cover changes between years at
medium to high grazing pressure on these pastures, which could
lead to surface condition deterioration.

The recommended ground cover of 60–70% (Harrington
et al. 1984; Ash et al. 2002) was consistently achieved at low and
medium grazing pressure at the ironbark site. At the poplar box
site, cover levels above 60% were only attained after 1997 when
ungrazed. Apart from that year, the relativity of ground cover
among the treatments consistently declined as grazing pressure
increased. In the poplar box pastures, total ground cover at the
end of summer showed less year-to-year variability than pasture
crown cover, and being easier to record, was shown to be a
measure that producers and regional management groups could
potentially use effectively to assesshowseasons andmanagement
are influencing pasture stability and potential soil conservation
outcomes.

Pasture crown cover

By the first crown cover recording at the poplar box site, a
ranking was established from 3.2% where ungrazed to 1.3%
where heavily grazed. However, the heavy grazing treatment
produced a steady increase in crown cover over the next 3 years
under improving seasonal conditions. The relative grazing
intensities were consistently reflected in the crown cover of
grazed paddocks but not of the ungrazed plots, perhaps due to a
greater size of individual palatable grass plants, such as
D. sericeum and B. bladhii, in the absence of grazing. After the
1999 decline, crown cover increased for 2 years until the dry year
of 2002. The values of 5–6% crown cover at that time would be
regarded as productive for Australian savannah woodlands
(McIvor 2007; Orr and O’Reagain 2011). The results show the
potential for large changes between years, especially at medium
to high grazing pressure, and the importance of the multiple
small plants of species such as C. divaricata for maintaining
crown and ground cover. The pattern of these results is similar
to that reported by Orr et al. (1993), where increasing grazing
pressure caused a reduction in pasture crown cover, and also the
interaction between grazing pressure and seasonal growing
conditions as observed by McKeon et al. (1990).

At the ironbark site, crown cover increased undermedium and
high grazing pressure in response to well above-average rainfall
seasons in 1998–1999 before declining again in both treatments
in 2000. Even after 7 years of low grazing pressure, the 4%
crown cover of these high yielding pastureswas relatively low for
perennial tussock grasses in a 640-mm rainfall environment,
although similar to the basal cover reported from two north
Queensland eucalypt communities (McIvor 2007). This may
reflect the strong competitive nature of existing B. ewartiana
plants for readily available resources combined with an inability

by H. contortus to develop into and persist as large-crowned
plants in this environment.

Plant density

The density of discreet plants increased as grazing pressure
increased. This is because the larger crowns of established plants
were broken apart by trampling and grazing under high grazing
pressure, without any appreciable net recruitment from seedling
establishment. Heavy grazing pressure by cattle caused a similar
break-up of tussocks of Astrebla spp. in north-west Queensland
(Hall and Lee 1980). The exception to plant density changes due
to grazing pressure was byH. contortus at the ironbark site where
large numbers of seedling plants were recorded in the ungrazed
pastures after high rainfall in the 1998–1999year and a springfire.
Large recruitment events for this species have been documented
previously (Shaw 1957; Orr et al. 2004).

In the poplar box pastures, total perennial grass plant density
was of a similar magnitude to that at the ironbark site, but it was
not significantly altered by grazing pressure. However, species
changes occurred over time, most significantly forD. sericeum in
1998 after numbers had been relatively stable in previous years.
Thus density change of individual perennial grasses was not a
sensitive measure of grazing pressure in these pastures over this
period compared with the large changes in aggregate standing
forage mass and crown cover which occurred.

Management implications for Aristida/Bothriochloa
communities

Appropriate grazing pressure management to encourage the
desirable perennial species differs among these two eucalypt
communities. Land managers need to recognise their local
indicator pasture species, understand their ecology and seasonal
dynamics, and grazing pressure responses. They can use this
knowledge to determine the impacts of their grazing pressure
decisions and adjust stocking rates accordingly. The pasture
composition changes suggest how to devised grazing pressure
strategies to suit the specifics of each land typewith their differing
proportions of the various pasture species. Neither site had any
major woody weed shrubs such as Carissa spp., Acacia spp.,
Eremophila spp. or Dodonaea spp. to influence the outcome of
the research, but they are an added management complication in
other north Australian rangelands, and are usually managed by
fire and grazing (Pressland 1982). An awareness of the rapid
decline in pasture crown cover at high grazing pressure in below-
average rainfall years should provide the incentive to adjust
stocking pressure early when such circumstances occur.

Dominant yielding species such asD. sericeum, B. ewartiana
and E. ramosus are sometimes not the most palatable species in
mid-summer, even if well grazed over a full year, except under
heavy grazing pressure. This is a useful trait for ensuring seeding,
long-term persistence and spread, similar to the way Stylosanthes
scabra (shrubby stylo) enhances its position in native pastures by
being relatively unpalatable comparedwith green grass leafwhen
the legume is green, leafy and growing (Tropical Forages 2014).
Reading these responses in pastures, with an understanding
of species seasonal responses, can be used to adjust grazing
pressures to develop andmaintain a desired pasture composition.
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Conclusions

This study showed that grazing25%of standing autumnpasture is
sustainable at both sites, although probably underutilising the
resource, except in below-average rainfall years. A grazing use
rate of 25% is recommended and represents a sustainable long-
term carrying capacity for these communities, even though in
treeless poplar box pastures the desirable species composition
remained stable at 50% use of standing autumn forage in above-
average rainfall years. Apart from increasing the preferred
T. triandra at both sites and D. sericeum in the poplar box
community, the recommended 25% rate will improve and
maintain a desirable pasture composition in the medium term,
while accumulating a greater bulk of pasture, and increase both
pasture crown cover and total ground cover. Care is needed in
quoting safe forage ‘grazinguse’or ‘utilisation’ rateswithout also
describing which protocols were used and what objectives are
sought, such as for longer-term strategic or shorter-term tactical
grazing decisions. In these communities, 7–8 years of sustained
high grazing pressure by cattle did not destroy the nature of the
pasture composition, despite the significantly reduced herbage
mass, ground cover and crown cover, and an increase in some less
desirable species. Indications were that this reduced productive
capacity could improve subsequently if well managed with low
grazing pressure over a period of above-average rainfall years.

These results provide objective data on grazing pressure
impacts and pasture species responses affecting the productivity
and stability of Aristida/Bothriochloa native pasture communities
in eucalypt woodlands for land holders, land administrators and
resource management groups. Some species can be used as
indicators of grazing pressure, such as T. triandra, D. sericeum,
H. contortus, B. bladhii, Chloris spp., and to a lesser extent
T. loliiformis and T. australianus. Common grasses such as
B. ewartiana, C. fallax, E. ramosus B. decipiens and Aristida
spp. are less sensitive to the same pressures to be used as
indicators. Other plants such as native legumes and many broad-
leaved forbs are too dynamic in their seasonal presence and in
their response to extremes of grazing pressure for this role. The
value of the 2P grass,C. divaricata, for early summer grazing and
land surface stability was demonstrated. This pasture response
knowledge broadens the understanding of grazing management
implications and complements the learnings made from other
grazingmanagement studies that emphasise differing treatments.
The information can also be used directly by property managers
and land management education programs to improve both the
ecological environment and production capacity of these pasture
communities.
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