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Key Points 
• We review the causal links between grazing practices, beef production and erosion 
• To manage erosion requires maintaining high biomass levels of perennial forage to reduce runoff and protect the 

soil surface 
• Maintaining high biomass levels also increases forage production and cattle live-weight gain  

 

Abstract 
Grazing pressure in catchments of the Great Barrier Reef (GBR) has resulted in low vegetation ground cover in past 
droughts. This has impaired the ongoing capacity of pastures to produce forage, and also increased erosion rates. We 
review current knowledge on the interactions between grazing practices, forage production and erosion in this region. 
Sediment tracing and river load monitoring studies have identified that fine river sediment is predominantly derived 
from subsoil erosion features such as rills, scalds, gullies and streambanks. These features collectively cover a small 
proportion of the total catchment area, have low levels of vegetation cover, and are well-connected to river systems. 
Reducing their rates of erosion requires both reducing the runoff into these features, and increasing their vegetation 
cover. We conclude that the most important objective for reducing river sediment exports is achieving and maintaining a 
high biomass of perennial pasture species, because that both reduces runoff and provides ground cover. This objective is 
achieved by keeping the utilisation of forage by grazing animals at lower proportions of the total forage biomass than 
has been common, at least in some areas and during drought periods. Lower forage utilisation also leads to higher 
forage production and more consistent forage availability, thus leading to higher rates of live-weight gain per beast, and 
also per hectare in the longer term. We conclude that reducing forage utilisation, particularly on the properties with sub-
surface soil erosion features, can deliver considerable reductions in sediment export to the GBR lagoon and also 
maintain higher livestock turnoff weights in the long term.  
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Introduction 
Fine sediment and nutrients delivered in flood plumes are powerful pollutants in the Great Barrier Reef (GBR) lagoon, 
reducing water clarity, coral photosynthesis and calcification, and impacting coral survival (Fabricius, 2005). Fine 
sediment is a pollutant because of direct impacts on water clarity and also because fine sediment-attached forms are the 
largest sources of anthropogenic nitrogen and phosphorus delivered to the GBR lagoon (Kroon et al., 2012). In the 
marine environment particulate nutrients largely dissociate from sediment particles into the water column (McCulloch et 
al., 2003; Webster et al., 2006; Radke et al., 2010). Flood events in large GBR rivers cause a reduction in water clarity 
which then recovers over weeks to months (Fabricius et al., 2013), indicating that reducing river pollutant exports will 
reduce water quality impacts. About 75% of fine sediment delivered to the GBR lagoon is derived from grazing land and 
associated stream networks (Thorburn and Wilkinson, 2013). In this paper we review the chain of causality linking 
grazing intensity to rates of soil erosion and forage production, to explore whether changing grazing land management 
can benefit both graziers and downstream water quality.  

Much of the grazing land in GBR catchments has been subject to excessive grazing pressure, leading to low levels of 
ground cover during past droughts (Dougall et al., 2009; Bastin et al., 2012), and exceeding the sustainable carrying 
capacity resulting in pasture degradation across some regions (McKeon et al., 1990). The relationship between ground 
cover and sheetwash and rill erosion processes is well-established locally, showing large increases in erosion rate when 
cover falls below 40% (McIvor et al., 1995b; Bartley et al., 2010; Silburn et al., 2011). Reef Plan 2009 (Anon, 2009) 
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defined a target of >50% cover, since revised to >70% in Reef Plan 2013 (Anon, 2013). However, recent sediment tracing 
research indicates that broadscale sheetwash erosion is a minor contributor to river sediment loads, and that erosion of 
sub-surface soils is the dominant contributor in many areas (Hughes et al., 2009; Wilkinson et al., 2013a; Hancock et al., 
2014). Sub-surface soil erosion features include hillslope scalds, rills, gullies and channel banks, which may not respond 
to increases in broadscale ground cover.  

As a whole, the livestock industry in northern Australia is financially challenged, with most enterprises having <2% return 
on capital (McCosker et al., 2009). Total livestock numbers have fluctuated in recent decades but remain at or near 
record highs (McIvor, 2010). Water quality grants and extension programs under Reef Plan have been oriented around 
property planning and assistance through establishing the required infrastructure. However, given that land holder co-
investment is required under these programs, both private (enterprise profitability) and public (water quality) outcomes 
are required. This approach also assumes that grazing landuse is ongoing, which may not be appropriate in all cases. 
Technical information quantifying such outcomes is vital to support decisions, which often involve trade-offs. This paper 
reviews the chain of causality linking erosion and forage production to grazing practices, and seeks to define the changes 
required to improve these processes on grazing land.  

Erosion dependence on grazing practices 
The practice changes required to increase forage production and reduce erosion must address the physical processes. 
Sub-surface soil erosion features are initiated by poor cover rather than by excessive runoff (Prosser and Slade, 1994). 
However, once formed gully erosion is driven by upslope runoff (Wijdenes and Bryan, 2001), which underpins the 
correlation between gully headcut catchment area and slope (Montgomery and Dietrich, 1989). Similarly, riverbank 
erosion is correlated with river discharge (Rutherfurd, 2000). Therefore, reducing runoff is an effective way to reduce 
rates of these erosion processes. This causality appears to be extended from runoff to vegetation cover, with lower 
runoff being correlated with higher vegetation cover in several studies (McIvor et al., 1995b; Owens et al., 2003; Silburn 
et al., 2011). A recent synthesis  has confirmed a strong correlation between catchment vegetation and gully erosion, 
finding that several studies have demonstrated that large improvements in the structure and amount of vegetation in 
gullied catchments reduce gully sediment yield (Thorburn and Wilkinson, 2013). A recent study in the Burdekin region 
also indicates that lower grazing pressure leads to lower gully erosion rates (Wilkinson et al., 2013b). However, in 
contrast, a longitudinal study which increased the ground cover of the exotic stoloniferous runner grass Indian Couch 
(Bothriochloa pertusa) on instrumented hillslopes in the upper Burdekin catchment over 10 years failed to detect a 
reduction in annual runoff yield (as a % of rainfall) (Bartley et al., 2014b). Therefore, it appears that runoff depends on 
various aspects of vegetation, in addition to ground cover.  

Cover by itself does contribute some degree of hydrologic function, reducing rainsplash and surface sealing (Bridge et al., 
1983). However, high soil infiltration capacity (and hence lower runoff) in the Burdekin basin has been more effectively 
related on a functional basis to good soil surface condition, indicated by soil biological activity, particularly presence of 
worm castings and absence of crusts, than ground cover alone (Roth, 2004). High-infiltration sites in that study were 
dominated by native perennial tussock species such as Golden Beard Grass (Chysopogon spp.), Kangaroo grass (Themeda 
spp.) and Speargrass (Heteropogon spp.). These functional indicators were generally associated with ground cover levels 
of >75%. At the hillslope scale, a grazing exclosure with the above features had runoff that was just 40% of an adjacent 
grazed hillslope dominated by the exotic stoloniferous runner grass Indian Couch (Bothriochloa pertusa) (Hawdon et al., 
2008). Thus, minimising runoff to manage all erosion processes (i.e., on hillslopes, gullies and riverbanks) requires, first, 
forage dominated by native perennial tussock grasses rather than Indian Couch, and second, good soil surface condition. 
Both these indicators are associated with higher cover levels than are required for managing sheetwash erosion alone, 
which requires only >40% cover (e.g., McIvor et al., 1995b). Consequently, Bartley et al (2014a) recently recommended 
cover levels be maintained above 70%. A dependence of low runoff yield on pasture dominated by native perennial 
tussock grasses is a likely explanation for differences between the findings of Silburn et al. (2011), who found strong 
runoff dependence on cover, and Bartley et al (2014), who found no such relationship at annual time-scales, and only 
found a response to improved cover in early wet-season rainfall events.  
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Figure 1. Contrasting relationships between grass cover and biomass for pastures dominated by Indian Couch (solid 
line and diamonds) and typical native pastures with tussock grasses in the Burdekin region (dashed line).  The 
diamonds are actual field observations (Wilkinson et al., 2014), and the solid line is the fitted curve (in the form of the 
equation used in the GRASP model (Rickert and McKeon, 1988; McKeon et al., 1990). The dashed line is the 
parameterized curve commonly used in GRASP for modelling native tussock grasses on similar soils.  

Forage biomass is another indicator of the effectiveness of vegetation in reducing runoff, and this variablehas more 
relevance to process functionality than ground cover alone. High biomass, particularly of native perennial tussock 
grasses, is associated with higher root mass, providing pathways to improve access to the water storage capacity in the 
root zone, higher basal area to slow down the surface flow pathways, and increased litter production and soil faunal 
activity. Biomass can help to explain the difference in behaviour between native perennial tussock grasses and Indian 
Couch, with the former having much higher above-ground biomass at most cover levels (Fig. 1). Thus, while cover and 
forage biomass are correlated, it is the type of forage that determines the runoff impact. Indian Couch can maintain high 
ground cover in most years, but the cover it provides is much less functional than native tussock pastures and it declines 
sharply during droughts.  

Thus, reducing sediment loss from grazing land to streams and the GBR lagoon requires maintaining dominance of native 
perennial pastures, and adequate forage biomass. Achieving these two goals will locally reduce soil erosion and also 
reduce surface runoff that drives gully and streambank erosion. The most important grazing practice to achieve these 
goals over the long term is to set stocking rates so that forage utilisation by livestock is only a small proportion of the 
rate of forage production (growth). Both field and modelling studies have shown that annual forage utilisation by 
livestock must not exceed 25% of available biomass to maintain native perennial pastures (McIvor et al., 1995a; Orr et 
al., 2010; Ash et al., 2011). Separate to forage management, managing the spatial distribution of grazing pressure by 
fencing or otherwise is also critical, to minimise grazing pressure in areas vulnerable to erosion, such as in and around 
sub-surface erosion features (Thorburn and Wilkinson, 2013).  

Forage production dependence on grazing practices 
Pastures dominated by native perennial tussock grasses have higher forage production, and more reliable production in 
drier years, which results in higher levels of standing biomass (Fig. 2).  
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Figure 2. Correlation between forage standing biomass (kg ha-1) and dominance by perennial pasture species, averaged 
across three soil types in the Burdekin and northern Fitzroy basins (Chromosol, Sodosol, Vertosol), and two wet-
seasons (Wilkinson et al., 2014). Perennial areas were dominated by native perennial tussock grasses while non-
perennial areas were dominated by annuals and Indian Couch.  

Modelling shows that beef production is strongly correlated with the availability and quality of forage. Increasing 
stocking rates can raise production per hectare in the short term (several years), but results in reduced forage 
production and degradation of native perennial forage species in the longer term (McIvor et al., 1995a; Ash et al., 2011; 
Wilkinson et al., 2014). Thus, graziers have a choice of the time-scale over which to maximise forage production and 
returns, either in the short term followed by progressive declines to low levels, or at slightly lower production levels 
initially which will be sustained at higher production rates than can be supported by degraded sites.  

Excessive stocking rates and forage utilisation rates also result in lower liveweight gains per head, and consequently 
cattle in poorer condition (O'Reagain et al., 2011). Costs such as feed supplements also increase with higher stocking 
rates (O'Reagain et al., 2011). Maintaining lower stocking rates allows forage to accumulate in wetter years to enable 
draw-down in dry years. More reliable forage availability also increases the flexibility to avoid dips in market price. Cattle 
in better condition command a price premium and can be sold in a wider range of markets. Consequently, profitability 
per beast, and per hectare, are maximised by grazing at utilisation rates which can be sustained in the long term 
(Landsberg et al., 1998; O'Reagain et al., 2011; Star et al., 2013).  

Indian Couch has dominated pastures in some areas of the Burdekin basin since a period of over-grazing and drought in 
the 1980s (McKeon et al., 1990). The native perennial tussock composition of pastures can be gradually recovered 
through careful stocking rate management (Bartley et al., 2014b), and recent seeding events at that research site are a 
strong indicator that such recovery can continue over several decades provided conservative stocking rates are 
maintained. However, it will be economically advantageous to ensure that pasture degradation does not occur 
elsewhere.   

There are some important knowledge gaps remaining. For example, the amount of area where forage utilisation by 
livestock is >25% of the available biomass is not well understood although it appears to be widespread (Wilkinson et al., 
2014). Also, Buffel grass is often added to GBR pastures to increase biomass productivity. However, the production 
benefit of this species may be limited in the long term due to nutrient rundown (Landsberg et al., 1998). The erosion 
rates under Buffel grass (Cenchrus ciliaris) relative to native perennial tussock grasses have not been locally tested, 
although Buffel grass has low basal area (Chunale, 2004; Barai et al., 2009), and is known to be associated with high 
erosion rates under heavy grazing (Valdez-Zamudio and Guertin, 2000). It appears that combining Buffel grass with other 
species may provide higher overall pasture basal area than in a monoculture. 

Conclusions 
In conclusion, the functional change required to reduce sediment loss from grazing land to the GBR is to reduce surface 
runoff and increase vegetation cover in areas where sub-surface soil erosion processes occur, because these dominate 
sediment supply. Reducing surface runoff requires high levels of herbaceous forage biomass, dominated by native 
perennial tussock grasses. Maintaining forage in that state will also result in cover levels in excess of those required to 
manage soil sheetwash erosion, but the proportion of vegetation ground cover is a weak and conditional indicator of 
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runoff. Maintaining forage biomass and perennial pasture composition requires forage utilisation by grazing animals at 
rates below 25% of available biomass. This in turn requires stocking rates that will maintain reliable forage availability to 
each animal, resulting in higher live-weight gain per animal. While the grass species, climate and soil types of the studies 
reviewed here re specific to Central and North Queensland, forage management is critical to managing erosion and 
maintaining livestock production more broadly.  
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