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Abstract 

 

Alternative grazing systems and pasture types for wool production in the south west of 

Western Australia were analysed using bio-economic modelling techniques in order to 

determine their relative productivity and profitability. 

 

After reviewing the experimental and modelling literature on perennial pastures and 

grazing systems, seven case studies of farmers were conducted in order to investigate 

the practical application of innovative grazing systems and use of perennial pastures. 

Together these case studies provided information for identifying relevant variables and 

for calibrating the modelling work which followed. 

 

The core of the work lies in a bio-economic model for investigating the comparative 

value of the three grazing systems and two pasture families mentioned above. A 

baseline scenario using currently available and reliable scientific data provides baseline 

results, after which a number of sensitivity analyses provide further insights using 

variations of four key parameters: persistence, heterogeneity, water soluble 

carbohydrates, and increased losses. 

 

Results show that perennial pastures are in the studied region more profitable than 

annual pastures. Under current baseline conditions, continuous grazing with perennial 

pastures is the most profitable enterprise, but this superiority is not robust under 

parameter variations defined by other scenarios. The more robust solution in terms of 

enterprise profitability is cell grazing with perennial pastures.  

 

The results indicate that intensive grazing systems such as cell grazing have the 

potential to substantially increase the profitability of grazing operations on perennial 

pasture. This result is an encouraging one in light of its implications for water uptake 

and salinity control. It means that economics and land care can go hand in hand, rather 

than be competitive. It is to be noted that it is the choice of the grazing system in 

combination with the pasture species, rather then the pasture species itself, that allows 

for such complementarity between economics and sustainable land use. 
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This research shows that if farmers adopt practices such as cell grazing they may be 

able to increase the area that they can profitably plant to perennial pasture thus reducing 

the impacts of dryland salinity. This finding is consistent with the findings of the case 

studies where the farmers perceived that, provided grazing was planned, increasing the 

intensity of their grazing management and the perenniallity of their pastures would 

result in an increase in the profitability of their grazing operation. As a result this 

research helps to bridge a gap which has existed in this area of research, between the 

results of scientific research and those reported in practice. 
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1. Introduction 

 

Growing perennials to mitigate dryland salinity is a challenge that Western Australian 

farmers are currently facing. However, the mainstream practice of continuous grazing or 

set stocking is detrimental to the persistence of many species of perennial pasture and 

substantial changes must be made to current farming systems in order to incorporate 

them. Previous studies have shown that perennial lucerne-based pasture is profitable in 

suitable environments. However, further improvements to its economic performance are 

needed in order to increase the scale of adoption by farmers. Alternatives such as 

rotational grazing and cell grazing need to be evaluated. 

 

The objective of this research is to compare alternative livestock grazing management 

practices and pasture types for the south-west of Western Australia by analysing three 

systems of grazing management (continuous, rotational and cell grazing) and two 

pasture types (annual and perennial pasture). 

 

Chapter 2 reviews scientific literature which is relevant to an analysis of alternative 

grazing systems and pasture types. This literature helps to explain the relevance of the 

objective of the study in the context of current knowledge on the topic. Chapter 3 

contains a collection of case studies which were conducted in order to gather qualitative 

farming systems information from some innovative farmers who have adopted 

rotational type grazing management practices and perennial pastures. Chapter 4 

describes the methodology and data used for the bio-economic analysis which forms the 

core part of this thesis. In chapter 5 the results of the bio-economic analysis are 

presented and discussed. In chapter 6 key findings are summarised, the implications for 

farming and land management are discussed and avenues for further research are 

postulated. 

 

All botanical names in this document are according to Shepherd, Richardson and 

Richardson (2001). 
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2. Literature Review 

 

2.1 Introduction 

Alternative grazing systems and pasture types are considered in this review, firstly by 

providing some background to their use in the study area, secondly by discussing the 

scientific details of alternative grazing systems and pasture types, and finally by 

examining the way in which experimental and modelling techniques have been used to 

compare alternative grazing systems and pasture types. 

 

2.2 Background 

The south west of Western Australia has a Mediterranean type climate and, as such, is 

typified by mild wet winters and hot dry summers. Before the advent of clearing, fire, 

cropping, and overgrazing, trees and perennial shrubs together with perennial grasses 

were the dominant components of the vegetation in Mediterranean areas (Rossiter 

1966). The region, however, has relapsed into a retrograded stability (Leopold 1999). 

Today the pasture communities are characterised by numerous Mediterranean winter-

growing annual plants. Perennials in these annual type pastures are either absent or else 

play a minor role (Rossiter 1966). 

 

In the mid 1930s self regenerating annual legume pastures were adopted into southern 

Australian cereal-ley farming systems. Legumes such as subterranean clover (Trifolium 

subterraneum L.) and various Medicago species have subsequently been used, together 

with applications of superphosphate, to improve soil fertility and increase cereal and 

livestock productivity (Puckridge and French 1983). Thus, the fertility of soils in 

southern Australia has increased since European settlement (Cocks and Gintzburger 

1993). 

 

This shift in dominant vegetation from perennial to annual has caused significant 

problems. The annual species are unable to use the amount of water transpired by the 

native perennial vegetation that preceded European settlement (Cocks 2001). High 

levels of salt occur naturally in the subsoils of most Australian agricultural land and as 
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the water tables rise salinisation of land and water resources increases (Pannell 2001a). 

It is estimated that some 15 million ha of the southern Australian wheat belt is at risk of 

salinity, mainly in the Murray-Darling basin and south-western Australia (Cocks 2001). 

If this problem is to be effectively reduced a sufficient proportion of a groundwater 

catchment should be covered with deep-rooted perennials to mimic the temporal and 

spatial distribution of leaf area that existed prior to clearing (Ferdowsian, Ryder, 

George, Bee and Smart 2002). As a result there is currently a large amount of interest in 

increasing the perenniality of farming systems in southern Australia (Rodgers 1982; 

Cocks 2001; Pannell 2001a, b; Bathgate and Pannell 2002; Ferdowsian et al. 2002; Saul 

and Chapman 2002).  

 

2.2.1 Grazing management and perennial pastures 

Perennial pastures are seen as the most promising option for mitigation of dryland 

salinity (Cocks 2001). The extent to which perennial pastures and perennials generally, 

will be able to mitigate dryland salinity in Australia will depend on the farm-level 

economic performance of these alternatives. At present there are no profitable perennial 

plant options currently available for the great majority of land that is at risk of 

salinisation (Bathgate and Pannell 2002). However, there is optimism among scientists 

that the range and scope of profitable perennials can be improved if the current low 

level of investment in development is increased (Pannell 2001a). One perennial pasture 

alternative which appears to be profitable in suitable environments is lucerne (Medicago 

sativa L. ssp. sativa) (Bathgate and Pannell 2002; Kingwell, Hajkowicz, Young, Patton, 

Trapnell, Edward, Krause and Bathgate 2003). 

 

Pasture types and their grazing management requirements 

One of the major differences between the annual and perennial type pastures is the 

grazing management practices required for the persistence of key species. Annual type 

pastures are usually grazed with some form of continuous grazing or set stocking and 

with perennial type pastures it is usually recommended that some form of rotational 

grazing or resting is used (Rossiter 1966; Sanford, Cullen, Dowling, Chapman, Garden, 

Lodge, Andrew, Quigley, Murphy, King, Johnston and Kemp 2003).  

 

For instance, year long grazing at reasonable stocking rates is considered, by some, as 

the best way to manage annual type pastures in southern Australia. A key species in 



 4

annual type pastures, subterranean clover, is uniquely adapted to heavy grazing by 

virtue of inflorescence position relative to leaf canopy, and also of seed burial. A major 

factor in the persistence of such species as clovers (especially T. subterraneum L.), 

capeweed (Arctotheca calendula (L.) Levyns), and erodium (such as Erodium botrys 

(Cav.) Bertol.) (all key components of the annual type pasture) under heavy grazing is 

the capacity of such plants to assume a prostrate growth habit, and thus sustain 

significant areas of photosynthetic leaf tissue (Rossiter 1966). 

 

However, a review of the grazing management practices required for the persistence of 

a perennial pasture species such as lucerne showed that continuous grazing was likely to 

lead to rapid stand decline, and that some form of rotational grazing was highly 

beneficial (Lodge 1991). As far as other species of perennial pastures are concerned 

little is known about the grazing management practices required to ensure long-term 

persistence in southern Australia (Virgona and Bowcher 2000). Experimental results of 

grazing management for persistence of perennial pastures are variable; however, some 

form of rotational grazing or resting is usually recommended (Kemp and Dowling 2000; 

Virgona and Bowcher 2000; Saul and Chapman 2002; Sanford et al. 2003). 

 

In contrast, set stocking or continuous grazing for prolonged periods often results in 

poor persistence (Saul and Chapman 2002). Only a few species such as kikuyu 

(Pennisetum clandestinum Hochst. ex Chiov.) and rhodes (Chloris gayana Kunth) grass 

have been identified as resistant to continuous grazing (de Villiers, Botha and Wandrag 

1994; Sanford et al. 2003). This has been attributed to their stoloniferous nature which 

means that they possess prostrate stems. Conversely perennial pasture species 

commonly used in southern Australia are erect bunch types which are generally more 

sensitive to overgrazing (Sanford et al. 2003). Poor persistence of perennial pasture 

plants is a widespread problem in southern Australia and it is having a major impact on 

the productivity and sustainability of grazing systems (Rodgers 1982; Kemp and 

Dowling 2000; Reeve, Kaine, Lees and Barclay 2000). 

 

Despite these major differences between annual and perennial type pastures there is 

considerable potential for more widespread use of grazing management to maintain a 

desirable pasture species composition (Reeve et al. 2000). The challenge of managing 

dryland salinity reinforces the importance of these efforts as the loss, or absence, of 
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perennial plants from the landscape results in rising water tables (Kemp and Dowling 

2000). 

 

Dryland salinity and perennial pastures 

The need to use more perennials to reduce the devastating effects of dryland salinity in 

southern Australia has been identified. One of the best ways forward is to replace the 

annual type, with perennial type pastures. In the case of dryland cropping systems in 

southern Australia the most promising system is phase farming, in which several years 

of perennial type pasture are followed by several years of wheat or other grain. (Cocks 

2001). 

 

Naturally, the interest in salinity control has led to some studies of groundwater table 

reductions under perennial pastures. In studies of the effectiveness of groundwater level 

reductions under lucerne in the south west of Western Australia, it has been found to 

depend on the landform and groundwater flow system (local or intermediate). Lucerne 

reduces recharge and lowers groundwater levels in different landforms (mid-slope, 

lower-slope, flat, stagnant plain) regardless of their groundwater flow system and it can 

sometimes even do so under unfavourable conditions (very saline groundwater). 

However the rate, magnitude and nature of this groundwater level reduction depends on 

the landform pattern and groundwater flow system (Ferdowsian et al. 2002). 

 

Calculations of recharge under perennial kikuyu and annual type pastures in the south 

west of Western Australia have also shown that perennials can reduce groundwater 

recharge relative to annual pastures. Where kikuyu covers 40% of the total area, the 

resulting recharge was calculated to be just over half that of an equivalent whole farm of 

annual pasture (McDowall, Hall, Johnson, Bowyer and Spicer 2003). 

 

Other studies of groundwater recharge under perennial pastures have also shown that 

perennials can reduce groundwater recharge relative to annual pastures. Upgraded 

perennial pastures, sown to phalaris, perennial ryegrass and subterranean clover, were 

found to reduce groundwater recharge in south-eastern Australia under rotational 

grazing. However, when continuously grazed the same pastures exhibited the growth 

and water use characteristics of annual pasture (Clifton and Schroder 1996). Also in 

south-eastern Australia it was found that recharge under perennial pastures could be up 
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to 50% less than under annual type pastures (White, Helyar, Ridley, Chen, Heng, Evans, 

Fisher, Hirth, Mele, Morrison, Cresswell, Paydar, Dunin, Dove and Simpson 2000).  

 

2.3 Alternative grazing systems 

As was the approach by Norton (1998), the term ‘grazing system’ is applied in this 

thesis to the management of grazing animals according to a set of principles or ideas 

implemented in an organised, rational fashion. 

 

The term ‘grazing management practices’ is applied in this thesis to the practical 

application of grazing management. 

 

Other important terminology relating to alternative grazing systems, following some 

useful definitions by Savory and Butterfield (1999), include the management unit of a 

grazing cell, the time-related variables of grazing and recovery period, and the two 

variables, stocking rate and stocking density, which relate to the number of stock. 

 

A grazing cell is an area of land planned for grazing management purposes, normally as 

one unit, to ensure adequate timing of grazing and recovery periods. It is generally 

divided into smaller units of land (paddocks) by fencing in some form. A grazing cell 

will normally contain livestock year round. 

 

Grazing period is the period of time for which livestock remain in a paddock during 

each pass of the rotation. 

 

Recovery period is the period of time which is allocated in order to allow the plants to 

fully recover from grazing after each pass of the rotation. Where livestock remain in the 

same grazing cell moving through a series of paddocks the grazing periods are 

inextricably linked to the recovery periods. If the grazing period is shorter so is the 

recovery period and conversely longer grazing periods will mean a longer recovery 

period. In practice recovery periods will take time to build up whereas grazing periods 

can be changed tactically. 

 

Stocking rate is the number of animals run on an area of land throughout the year or part 

thereof. This is expressed in number of animals per hectare. 
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Stocking density is the number of animals run on a subunit (paddock) of this land at a 

given moment in time. The period of time could vary from a few minutes to several 

days. Stocking density is also expressed in the number of animals per hectare. This 

distinction is important as an increase in stocking density is a feature of rotational and 

more intensive rotational grazing systems relative to continuous grazing. For example if 

all the animals that were intended to be fed on an area of land (the stocking rate) were 

turned into only one of the paddocks in that area out of 16, the stocking density would 

be increased by a factor of 16. Therefore, more intensive grazing systems have a high 

stocking density relative to stocking rate. 

 

Grazing pressure is a related concept which is concerned with the ratio of feed supply 

to feed demand. This concept has been found useful for discussions about the efficiency 

of grazing management and is often central to ideas relating to improved grazing 

management practices. Typically the range tested has related closely to continuous 

grazing systems and little testing has been performed outside of this narrow range (eg 

rotational and cell grazing systems (see Allison, Kothmann and Rittenhouse (1982)). As 

a result the concept has not been very useful for comparisons of alternative grazing 

systems and is not used in this thesis. 

 

This section discusses the grazing systems which are considered in this thesis, namely 

sedentary and rotational type grazing systems. 

 

2.3.1 Sedentary and rotational type grazing systems 

One sedentary type grazing system, continuous grazing or set stocking, and two 

rotational type grazing systems (a rotational grazing system and a cell grazing system) 

are considered in this thesis. As the terms and definitions used to describe grazing 

management systems can be complex (McCosker 2000), the grazing system definitions 

used in this thesis are laid out below: 

1. Continuous grazing or set stocking system is a system of grazing based on 

stocking rate where livestock are generally stocked at the same stocking rate on 

a single paddock for the entire year with no rotation or grazing through sections 

of the paddock or between paddocks; 
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2. Rotational grazing system is a simple grazing rotation involving the use of four 

to eight paddocks, where grazing and recovery periods are relatively fixed 

throughout the year; 

3. Cell grazing system is a more intensive form of rotational grazing involving the 

use of 20, 30 or preferably more paddocks, where grazing and recovery periods 

are varied tactically according to plant growth rate and animal requirements at 

that time. 

 

Sedentary “dominant” type grazing systems 

Grazing management practices for annual type pastures on most farms within southern 

Australia represent continuous grazing, or set-stocking, systems. Average stocking rates 

within these farming systems are generally conservative and biased to poor seasons 

(Hyder, Thompson, Doyle and Tanaka 2002). This is generally the case globally where 

the creation of permanent water supplies and fencing has resulted in livestock use which 

is largely sedentary (Frank and McNaughton 1998). 

 

Continuous grazing or set stocking generally involves livestock staying on the same 

pasture for the duration of the year (Voisin 1959; Saul and Chapman 2002). In practice, 

this is usually flexible and livestock are moved into different paddocks on an ad hoc 

basis. Also paddocks may be closed to conserve some of the late spring surplus of feed 

(Pratley and Godyn 1991; Saul and Chapman 2002). 

 

In the case of continuous grazing the animals, not the manager, largely control the 

temporal and spatial aspects of their grazing within a paddock (Saul and Chapman 

2002). With continuous grazing the pasture plants which were previously sheared by the 

grazing animal will, after a very short recovery period, have grown again to a sufficient 

length to be ‘seized upon and snapped up’ once more by the grazing animal. The very 

short recovery periods associated with continuous grazing are ‘hidden’ and somewhat 

random in duration. With short recovery periods, the pasture plants are working at a 

very low productivity (Voisin 1959). 

 

In the case of continuous grazing, these very short recovery periods have been 

measured, for individual plants, to be in the order of 5 to 6 days (Saul and Chapman 

2002); this would obviously vary depending on the growth rate of the plants (Voisin 
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1959). Because of this, some say that continuous grazing represents the zero grazing 

management option for managers (Beattie 1994; Earl and Jones 1996; Jones 2000). In 

practice, however, grazing management in a set stocking system can be carried out, 

either on a reactive ad hoc basis, or a proactive planning basis. However, there is not 

much scope to control the animals’ grazing within space and time (Saul and Chapman 

2002). 

 

It appears that one of the major attributes that makes set stocking systems attractive is 

that they are relatively simple (Pratley and Godyn 1991; Saul and Chapman 2002). With 

set stocking systems the main management input revolves around adjusting the stocking 

rate. In this system, stocking rate has the dominant influence on determining livestock 

production per hectare. As stocking rate increases there is an increase in production per 

hectare but individual animal performance declines. Therefore, under set stocking 

systems a generalised relationship exists between production per head, production per 

hectare and stocking rate (Hodgson 1990; Pratley and Godyn 1991).  

 

This simple relationship is made more complex by the reality of extensive livestock 

production in that grazing is not spatially homogenous. In reality the amount of time 

animals spend grazing in only a part of their area is heterogenous (Senft, Rittenhouse 

and Woodmansee 1985; Norton 1998; Ogura, Hasegawa and Hirata 2002; Teague and 

Dowhower 2003). Similarly, grazing pressure, a related concept used in theoretical 

discussions of grazing systems, also assumes that grazing within a paddock fence is 

spatially homogenous, no matter how large the paddock may be (Norton 1998). 

 

It must be realised that simple statements about the effects of herbivores on plant 

growth, development and resource allocation, are fraught with error. The following 

factors that either compensate for, or stimulate growth of, plants affected by herbivore 

grazing were summarised by McNaughton (1979): 

1. Increased photosynthetic rates in residual tissue; 

2. Reallocation of substrates from elsewhere in the plant; 

3. Mechanical removal of older tissues functioning at less than a maximum 

photosynthetic level; 

4. Consequent increased light intensities upon potentially more active underlying 

tissues; 
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5. Reduction of the rate of leaf senescence, thus prolonging the active 

photosynthetic period of residual tissue; 

6. Hormonal redistributions promoting cell division and elongation and activation 

of remaining meristems, thus resulting in more rapid leaf growth and promotion 

of tillering; 

7. Enhanced conservation of soil moisture by reduction of the transpiration surface 

and reduction of mesophyll resistance relative to stomatal resistance; 

8. Nutrient recycling from dung and urine; and 

9. Direct effects from growth promoting substrates in ruminant saliva. 

 

Under set stocking, with high stocking rates, risks are increased and higher management 

skills are required (Pratley and Godyn 1991). Widespread overgrazing can remove 

desirable species from the sward and increase the risks of soil erosion and compaction 

and invasion by unpalatable species. At low stocking rates considerable forage is wasted 

and, as the animals select their diet, patches of overgrazed and overrested pasture occurs 

(Pratley and Godyn 1991; Earl and Jones 1996; McCosker 2000). 

 

During seasonal herbage production peaks, such as spring, quality and quantity of feed 

on offer declines quickly unless the excess pasture is removed for fodder conservation 

(Pratley and Godyn 1991). For example, in annual pastures on the south coast of 

Western Australia, Doyle, Carter, Speijers, Plaisted, Hetherington and Love (1996) 

found that 70-90% of digestible dry matter accumulated in spring was lost through 

summer-autumn without being consumed by sheep. Pasture loss can occur as a result of 

trampling by stock and natural decay which encompasses losses due to shatter of 

senescing leaf, insect and microbial attack and action of rain and wind. 

 

Rotational type grazing systems 

In classical texts, such as the writings of Hodgson (1990) and Pratley and Godyn 

(1991), the discussion of grazing management has placed little emphasis on rotational 

type grazing systems. In general experimental comparisons of rotational and continuous 

grazing systems have been found to produce similar results and as a consequence 

rotational systems are seldom recommended (Hodgson 1990; Pratley and Godyn 1991; 

Lloyd Davies and Southey 2001). However, experimental comparisons on the whole 

have typically been conducted with strictly-adhered-to management systems (even for 
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rotational systems), and as such, do not reflect the flexibility farmers exhibit in practice 

(Pratley and Godyn 1991; Earl and Jones 1996). There are further problems and 

limitations with experimental comparisons of alternative grazing systems, particularly in 

relation to experimental design and the misrepresentation of continuous grazing (Norton 

1998; Saul and Chapman 2002), and these issues will be explained later in the 

‘Comparisons of alternative grazing systems and pasture types’ section of this literature 

review. 

 

The understanding that not all rotations are equal is important. The lack of awareness 

and understanding of this point within the scientific community is a serious problem 

which affects comparisons of alternative grazing systems. The popularly held belief that 

the techniques differ in name only but not in substance was pointed out by McCosker 

(2000), making the statement that “People who must make their living from grazing do 

not find the subtleties to be so academic.” 

 

Rotational type grazing systems can occur in several different forms, as noted by Norton 

(1998), and classified by McCosker (1993) according to the number of paddocks 

involved and the timing of the rotation. It should be noted that the use of similar 

terminology to describe the different systems in the scientific literature prohibits 

commensurate interpretation (McCosker 2000). Of particular significance for this 

review are the simple rotational grazing systems and the more intensive cell grazing 

systems.  

 

Rotational 

Simple rotational grazing systems use three to eight paddocks per grazing cell and the 

moves between paddocks are based on relatively fixed grazing and recovery periods 

(McCosker 1993; Norton 1998; McCosker 2000). Saul and Chapman (2002) pointed out 

that grazing systems that apply ‘crash grazing’ as a tactic to temporarily regain control 

of pasture quantity and quality, are not and should not be confused with true rotational 

grazing systems. True rotational grazing systems apply a strategic approach to the 

management of pastures and feeding. 

 

The majority of experiments comparing set stocking with some form of rotational 

grazing have been based on this simple practice of rotational grazing. Much of this work 
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has involved the use of quite rigid rules for moves between paddocks. This rigidity is 

likely to lead to variable results when applying rotational grazing systems. For example, 

the recovery period could have been too short and prevented the pasture from fully 

recovering from grazing. Alternatively, the recovery period could have been too long so 

that the quality of the pasture would have deteriorated. The end result of this rigid 

approach would have been smaller than possible animal production responses to 

rotational grazing (Norton 1998; Saul and Chapman 2002). Experimental design and 

experimental comparisons of rotational grazing systems will be discussed further in the 

section about ‘Comparisons of alternative grazing systems and pasture types’. 

 

Cell grazing 

Cell grazing is a form of rotational grazing management that, as defined by Norton 

(1998), requires at least 20, 30 or preferably more paddocks per management unit, 

which, using the nomenclature of Savory and Butterfield (1999), is a ‘grazing cell’. Cell 

grazing uses grazing and recovery periods which are varied according to the plant’s 

seasonal growth rate (Earl and Jones 1996; Norton 1998; McCosker 2000), the rationale 

for which was established by Voisin (1959). As a result, cell grazing is characterised by 

short grazing periods and longer recovery periods (Earl and Jones 1996; Norton 1998). 

 

McCosker (2000) outlined seven principles of cell grazing as they are applied in 

Australia. The first five were considered critical to the success of a cell grazing system.  

1. Control recovery period to suit the growth rate of the plant; 

2. Adjust stocking rate to match carrying capacity; 

3. Plan, monitor and manage the grazing; 

4. Use short grazing periods to increase animal performance; 

5. Use maximum stocking density for minimum time; 

6. Use diversity of plants and animals to improve ecological health; and 

7. Use large mob size to encourage herding. 

 

Maximising pasture production depends on controlling two time-related variables; that 

is the grazing and recovery periods. This relationship is best explained by the sigmoid 

curve as it relates to the regrowth of pasture following grazing (Saul and Chapman 

2002). This relationship was succinctly explained by the French pasture specialist André 

Voisin (1959) in the book Grass Productivity and remains relevant (Thornley and 
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Johnson 2000). This sigmoidal curve, for purposes of explaining the productivity of the 

pasture, has three distinct phases (Voisin 1959; McCosker 1993; Savory and Butterfield 

1999; Saul and Chapman 2002):  

I. After grazing, the pasture only has its reserves and a small amount of leaf area at its 

disposal and growth begins slowly. 

II. The pasture then succeeds in gaining a greater amount of leaf area and rapidly grows 

more leaf per unit time. 

III. Towards the end of this period of rapid growth the pasture growth rate slows down 

as the plants renew their reserves and devote their efforts to the production of 

flowers and seed. 

This relationship is represented graphically in Figure 2.1. 

 

Figure 2.1: Sigmoid pasture regrowth curve 

 
Before this temporal relationship is explained further, its suitability for use in situations 

where grazing is spatially heterogenous should be considered. In the discussion of 

sedentary type grazing systems it was shown that assumptions about stocking rate and 

grazing pressure suffered from a lack of consideration of the spatial dimension of 

commercial grazing (Norton 1998). Therefore in reality the sigmoid pasture regrowth 

curve is a spatiotemporal relationship and in practice grazing within space and time, 
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particularly in sedentary type grazing systems, can be extremely heterogenous (Norton 

1998; Saul and Chapman 2002). The patch grazing phenomenon commonly seen in set-

stocked paddocks is one such example and results simultaneously in phase 1 and phase 

3 regrowth within the same paddock (McCosker 1993; Saul and Chapman 2002; Teague 

and Dowhower 2003). This would amount to the pasture working at a much lower level 

of productivity (Voisin 1959). 

 

While the sigmoid pasture regrowth curve explains why the timing of grazing and 

recovery periods is important (Earl and Jones 1996; McCosker 2000), it is necessary 

that the science behind this relationship is explained further. Of particular significance 

to this discussion is the concept of plant reserves and the role of non-structural 

carbohydrates in the regrowth of pasture following grazing (Fulkerson and Donaghy 

2001). 

 

This is described as a source and sink (or use) relationship whereby the source of non 

structural carbohydrates (NSC) is photosynthesis, and the uses of NSC include 

respiration, growth and maintenance and storage as plant reserves. There is ample 

evidence that the availability of NSC in temperate pastures, comprising water-soluble 

carbohydrates (WSC) and starch, has a marked affect on their regrowth potential and 

persistence (Fulkerson and Donaghy 2001). 

 

The major storage site for NSC in temperate grasses is in the stubble with the roots 

playing only a minor role. This contrasts with the situation in many tap-rooted and 

stoloniferous plant species, where plant crowns, stolons and roots are the major sites of 

NSC storage. This has been found to be the case with white clover (Trifolium repens 

L.), lucerne and chicory (Cichorium intybus L.) (Fulkerson and Donaghy 2001). In the 

case of lucerne, replenishment of NSC reserves in the roots is recognised as the critical 

factor determining time of harvest with the optimal time coinciding with the 10% bloom 

stage (Pietola and Smucker 1995; Fulkerson and Donaghy 2001). 

 

One explanation for the poor survival rate of plants entering summer with a low WSC 

status is the fact that root growth has the lowest priority for WSC plant reserves, 

compared with leaf growth (to re-establish leaf area) and replenishment of WSC 

reserves. Thus a low WSC content has an adverse affect on root growth and is believed 
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to be the mechanism by which frequent defoliation manifests itself on plant survival 

under environmentally stressful conditions (Fulkerson and Slack 2003). 

 

The negative effect of frequent defoliation on root mass compared to infrequent 

defoliation was demonstrated by Crider (1955). Crider (1955) described the impact of 

continuous grazing on root growth stoppage as severe. This research demonstrated that 

the weakening of plants by this continuous suppression is of 'particular significance in 

conservation farming' where by the plant is less able to resist the affects of grazing, 

erosion, drought, cold, and disease. This notion is supported by other research such as 

the work of Troughton (1957), Earl and Jones (1996), Earl (1997), Fulkerson and 

Donaghy (2001) and Fulkerson and Slack (2003). In addition, research has shown that 

the best way to prevent compaction of grazing lands is to maintain a vigorous pasture 

and adequate groundcover (Greenwood, MacLeod and Hutchinson 1997; Greenwood 

and McKenzie 2001). 

 

The timing of grazing and recovery periods is a key factor which impacts on the level of 

WSC and subsequent regrowth of the pasture. If the grazing period is too long regrazing 

of regrowth shoots occurs and WSC reserves can be depleted. If the recovery period is 

too short this does not allow sufficient time for replenishment of WSC (Fulkerson and 

Slack 2003). Grazing and recovery periods are inextricably linked (Savory and 

Butterfield 1999), and as plants require adequate time for recovery from grazing, and 

the animals require a short grazing period for increased performance, the only way to 

break this nexus is to have more paddocks per grazing cell (McCosker 2000; Saul and 

Chapman 2002). 

 

Now consider the benefits of subdivision as it relates to cell grazing systems. More 

intensive rotational grazing systems, such as cell grazing can result in the improved 

utilisation of the existing herbage grown particularly when paddocks are large and 

variable. Thus creating more paddocks per grazing cell will allow previously ignored 

herbage to be consumed and overgrazed areas to recover, as well as providing the 

flexibility to improve the timing of grazing and recovery periods. The end result of this 

management could well be moderate defoliation, or phase 2 regrowth, and subsequent 

maximisation of pasture production (Norton 1998; Saul and Chapman 2002). 
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Saul and Chapman (2002) identified the relationship between feed supply and feed 

demand as an important factor which relates to the use of alternative grazing systems. In 

situations where there is more feed supplied than demanded by the animals, there is no 

reason to expect a difference between set stocking and rotational grazing. In this 

situation pasture mass is high and animal intake and per head production are not limited. 

As stocking rate increases the balance between feed supply and demand comes into 

alignment or tips into deficit. At this stage the importance of controlling pasture 

recovery period using rotational grazing systems increases (Saul and Chapman 2002).  

 

Improvements in utilisation of existing herbage grown under more intensive rotational 

grazing systems, such as cell grazing, have been documented by Allison, Kothmann and 

Rittenhouse (1982), and Saul and Chapman (2002). In particular Allison, Kothmann and 

Rittenhouse (1982) measured the losses from available pasture which were not 

explained by animal intake showing that grazing is very efficient at the high stocking 

densities used in cell grazing systems. Effectively, as stocking density is lowered, there 

is an increase in the amount of losses not explained by animal intake (Allison, 

Kothmann and Rittenhouse 1982; Saul and Chapman 2002). 

 

2.4 Pasture types 

2.4.1 Annual and perennial pasture 

The Mediterranean type climate in the south west of Western Australia has a winter-

spring (May to October) growing season. There is a marked seasonal and yearly 

variation of annual rainfall with opening rains for the season falling in a range from 

April to June. Summer rainfall is sporadic and usually non-effective for plant growth. 

As a response to these climatic influences agriculturalists grow short-season crops and 

annual pastures in winter and spring (Puckridge and French 1983). 

 

The ley farming zone in southern Australia is commonly called the wheat-sheep zone. 

In the south west of Western Australia this zone is referred to as the wheatbelt, named 

after the dominant cereal grown in this region. Ley farming (land under temporary 

pasture) typically involves rotations between cropping and grazing. With this system of 

farming, both the crop and pasture phases are relatively short with the individual phases 

often lasting only 1 or 2 years. The annual pastures regenerate from hard seed in the soil 
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and particular emphasis is placed on annual legumes in the pasture phase with grasses 

being discouraged (Puckridge and French 1983; Pratley and Godyn 1991). The pasture 

phase has several purposes. As well as providing feed for livestock grazing, it 

contributes to soil structural stability, regenerates fertility for the cropping phase and 

assists with weed and crop-disease control (Pratley and Godyn 1991). 

 

As annual pasture is the dominant pasture type in the south west of Western Australia, 

the region is often referred to as the annual pasture zone e.g. Kemp and Michalk (1994). 

The challenge of managing dryland salinity has resulted in contemporary calls for a 

revolution of Australian dryland cropping systems which currently depend on annual 

crops and pastures (Cocks 2001). It has been suggested that the only effective solution 

to land degradation in this zone is to increase the proportion of perennial plants in the 

agricultural landscape. There are, however, some significant barriers to the widespread 

adoption of perennial plants in southern Australia: namely low and variable rainfall, 

ancient soils and the cost of transition from annual plant-based land use systems (Lefroy 

2001).  

 

Given the economic need to produce grain, the best way forward is to replace annual 

type with perennial type pastures. The system holding most promise is phase farming, in 

which several years of perennial type pasture are followed by several years of wheat or 

other grain (Cocks 2001). As is the case with annual crop-pasture ley farming systems, 

perennial phase farming would place particular emphasis on the perennial legumes. This 

is due to the nitrogen fixation contribution which the legume component makes to the 

nitrogen economy of these farming systems (Peoples, Gault, Scammell, Dear, Virgona, 

Sandral, Paul, Wolfe and Angus 1998; Cocks 2001). 

 

Annual “dominant” types 

The ecology of the Mediterranean annual type pasture was the subject of a major review 

by Rossiter (1966), and little has changed in our understanding of the biology of grazed 

annual pastures since this time (Doyle, Grimm and Thompson 1994). Rossiter (1966) 

wrote that ‘the number of genera among the dominant annuals is quite remarkably 

restricted- for the most part to Bromus, Festuca, Hordeum, Trifolium, Medicago, and 

Erodium’. These annuals are almost invariably long-day plants, they thrive on soils that 

are not too shallow and are remarkably resistant to overgrazing (Rossiter 1966). 
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Obviously adequate seed production must be assured for species persistence in these 

pastures (Rossiter 1966), and it has been demonstrated that the application of phosphate 

has been found to stimulate seed production of legumes such as subterranean clover 

(Osman, Cocks, Russi and Pagnotta 1991). These annual legume pastures have formed 

the base of cereal-ley farming systems in southern Australia (Puckridge and French 

1983). 

 

The annual type pasture has potential scope for marked and rapid seasonal changes in 

botanical and chemical composition. The total pasture production will also differ from 

year to year (Rossiter 1966; Hyder et al. 2002). Factors which affect yield and botanical 

composition include fertilisers, seasonal conditions, grazing and defoliation, 

introduction of new species and strains into the sward, as well as a number of other 

factors including the use of herbicides (Rossiter 1966). This variation within and 

between years and the way in which these annual type pastures are utilised has a marked 

effect on the animal production from, and the subsequent economic viability of, the 

annual type pasture (Rossiter 1966; Doyle, Grimm and Thompson 1994; Hyder et al. 

2002). 

 

One of the drawbacks of heavily and continuously grazed annual type pastures is the 

inefficient use of soil water and nutrient resources as a consequence of restrictions to 

plant root development and extension. The use of deep rooted perennials may offer a 

solution to this problem (Rossiter 1966), but would require a different approach to 

continuous grazing, namely the use of rotational type grazing systems (Sanford et al. 

2003). 

 

Perennial types 

Currently there is an urgent need to develop profitable perennial plant options (Cocks 

2001) as there are inadequate options currently available for the great majority of land 

that is at risk of salinisation (Bathgate and Pannell 2002). At present lucerne is the most 

commonly used species in eastern Australia (Cocks 2001). However, it has only been 

introduced relatively recently into cropping systems in the south west of Western 

Australia (Bee and Laslett 2002). Other notable perennials which are used include 

grasses such as phalaris (Phalaris aquatica L.), cocksfoot (Dactylis glomerate L.), 
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perennial ryegrass (Lolium perenne L.) and tall fescue (Festuca arundinacea Schreb.) 

(Cocks 2001). 

 

While these perennial grass species obviously do not fix nitrogen they could be useful to 

the cropping phase if they could be successfully mixed with either annual or perennial 

legumes (Peoples et al. 1998; Cocks 2001). Perennial pasture species can provide 

increased soil stabilisation, reduced water run off and increased annual herbage 

production. It has also been demonstrated that perennial grass species can make a 

contribution to increased production and profitability of livestock grazing in southern 

Australia (Rodgers 1982; Saul 1988; Anderson, Cunningham, Reed and Byron 1999). 

 

The reason for the widespread use of lucerne is that, relative to annual pasture legumes, 

it makes a reliable contribution to soil fertility (Peoples et al. 1998), it has the ability to 

increase stocking rate and reduce feed supplementation and it can improve the water 

balance of farming systems (Cocks 2001). Practical experience in the south coast region 

of Western Australia has demonstrated that the benefits of lucerne indicated in the 

research extend to commercial applications. These benefits include increased water use 

and lower water tables, subsequent high yielding and high protein wheat crops, more 

reliable and productive pasture relative to annual pasture and a reduction of 

supplementary feeding in the summer months (Bee 2000; Sounness 2000; Bee and 

Laslett 2002). 

 

Two factors which limit the use of lucerne in the south west of Western Australia 

include the preponderance of acid soils and the strongly Mediterranean climate (Cocks 

2001). Further improvements to the economic performance of lucerne are necessary for 

it to be adopted voluntarily on a scale that would address catchment scale problems such 

as the flood risk and salinisation of natural waterways (Bathgate and Pannell 2002). 

Apart from these two factors it would be unwise to rely on a single species. The need to 

find alternative perennial pasture species is imperative as greater diversity will reduce 

the risk of failure due to exotic pest or disease incursions (Cocks 2001). 

 

Cocks (2001) reviewed perennial legumes that have the potential to adapt to phase 

farming in southern Australia. This review confined itself to temperate and 

Mediterranean legumes because these are the species most likely to succeed in southern 

Australia. These may include perennial species of Astragalus, Hedysarum, Onobrychis, 
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Psoralea and Trifolium. Some Australian genera, for example Swainsona, Glycine and 

Cullen may also be of value. Although little is known about them at this stage it is 

expected that at least some of these species through selection and the use of adapted 

rhizobia, may be of value in Australian conditions. Bathgate and Pannell (2002) 

highlighted the reality ‘that such development work is not certain to succeed, but 

without it we seem certain to fail to prevent serious future salinity problems.’ 

 

2.5 Comparisons of alternative grazing systems and pasture 
types 

2.5.1 Experimental and modelling comparisons 

Experimental comparisons 

Experimental comparisons of grazing systems have come to the equivocal conclusion 

that there is little benefit to be gained from rotational grazing (Hodgson 1990; Norton 

1998; McCosker 2000). As this finding appears to be at considerable variance with 

commercial experience (Norton 1998; McCosker 2000), a suitable explanation for this 

divergence of theory and practice must be found. One such explanation can be found in 

a review by Dr Ben Norton (1998), who drew attention to the fact that the terms of 

reference of these experimental comparisons, particularly in relation to the spatial 

distribution of grazing, are limited. 

 

On a commercial scale, where 50-100 ha paddocks are typical of farms in southern 

Australia, the potential for patch selection of grazing is greatly increased, relative to the 

small scale 1-5 ha paddocks typically used in grazing experiments (Saul and Chapman 

2002). In addition, research sites are specifically chosen to be as uniform as possible. 

The combination of small, uniform research plots significantly reduces the variability 

that causes patch selection and the associated deterioration in large paddocks (Norton 

1998; Teague and Dowhower 2003). It was postulated by Norton (1998) that this 

disparity has led to the erroneous extrapolation of conclusions to a commercial livestock 

operation. 

 

It should also be noted that in small plot experimental comparisons of continuous and 

rotational grazing systems the effect of the rotation per se on defoliation pattern has 
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been weak or absent, at least in the case of most experimental designs which employ 

four to eight paddocks in the rotation. This is attributed to the fact that the research 

portfolio has not addressed problems which arise as a result of poor animal distribution 

(Norton 1998; Teague and Dowhower 2003). If differences in defoliation pattern are 

weak or absent in these grazing experiments then it follows that increases in forage 

production, under rotational grazing, can not be expected (Norton 1998). 

 

The causes and consequences of repeated defoliation, or overgrazing, are well 

documented, except, as has been pointed out, in experimental comparisons of grazing 

systems. Of particular importance to this thesis is the effect of overgrazing on 

persistence and productivity of perennial pastures (Fulkerson and Donaghy 2001; 

Fulkerson and Slack 2003; Sanford et al. 2003). As livestock grazing is spatially 

heterogenous (McNaughton 1984; Norton 1998; Ogura, Hasegawa and Hirata 2002; 

Teague and Dowhower 2003), overgrazing takes place plant by plant, species by species 

(Earl and Jones 1996). 

 

It was suggested by Lloyd Davies and Southey (2001) that until there is a published 

account of a properly conducted experiment testing various grazing management 

practices, such as cell grazing, then claims about animal production benefits remain 

unproven. Given the limited terms of reference of past experiments explained above, 

one would suggest that future comparisons should more adequately represent the 

complex spatiotemporal aspects of alternative grazing systems. Although the difficulty 

of accommodating spatial variability within the small size of research paddocks could 

be prohibitive to these efforts (Norton 1998). 

 

As for finding a way forward for research in this area, one suggestion, due to the holistic 

nature of cell grazing (Earl and Jones 1996; McCosker 2000), is to expend more effort 

on understanding biological processes rather than attempting to measure outcomes 

(McCosker 2000). The approach taken by Earl and Jones (1996) with the first 

Australian research on cell grazing yielded some positive information. This research 

demonstrated that under cell grazing, desirable species composition was maintained or 

improved and percentage ground cover was significantly higher, relative to continuous 

grazing. This finding suggests that long-term gains could be achieved with alternative 

approaches to grazing management. 
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Research by Teague and Dowhower (2003) has clearly demonstrated that planned 

rotational grazing addresses the root cause of patch overgrazing and deterioration. 

While this research has focused on landscape level patch grazing, further research, such 

as that conducted by Ogura, Hasegawa and Hirata (2002), would be necessary in order 

to quantify the effects of heterogeneity at the feeding station level or small-patch scale 

on the productivity and persistence of annual and perennial pastures. 

 

Additional concerns have been raised about the rigid nature of rotational grazing 

experiments in regards to time. If the grazing and recovery periods are fixed and only a 

small number of paddocks are used, such as the approach typically used in experimental 

comparisons of grazing systems, they can not possibly be adequate given that the 

growth rate of the plant is variable (Earl and Jones 1996; McCosker 2000). It was 

concluded by McCosker (2000) that, apart from the work of Earl and Jones (1996), 

much of the scientific literature on grazing experiments, where a form of rotation was 

compared with continuous grazing, does not apply to cell grazing. 

 

As was alluded to, the persistence of perennial pastures is given a special consideration 

in the debate about alternative grazing systems. For example the standard textbook 

mentioned previously (Pratley and Godyn 1991), makes an exception to the rule, as to 

the general inutility of rotational grazing, in the case of lucerne where rotational grazing 

is required for persistence. In fact recent research shows that in perennial pastures only 

a few species such as kikuyu and rhodes grass are exceptions to the rule that rotational 

grazing is required for persistence (Sanford et al. 2003). To this we should add new 

knowledge about the role of plant reserves in increasing productivity through sound 

grazing management practices (Fulkerson and Donaghy 2001; Fulkerson and Slack 

2003). In the case of research into new perennial type pastures in the south west of 

Western Australia, and more generally southern Australia, this activity has been, and 

continues to be, grossly under-funded (Bathgate and Pannell 2002). 

 

Modelling comparisons 

A review of modelling comparisons of grazing systems by Sounness (2001) showed that 

there had not been much work in this area. A previous thesis titled ‘Cell grazing: an 

investigation into modelling alternative grazing systems for annual and perennial 

pastures’ served as an initial investigation into the problem of analysing alternative 
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grazing systems and pasture types and provided a sound basis with which to conduct 

further analysis (Sounness 2001). 

 

Perhaps the most significant Australian model of grazing systems is the Commonwealth 

Scientific and Industrial Research Organisation’s (CSIRO) GrassGro model. The 

GrassGro model combines knowledge of pasture plant physiology, animal behaviour 

and animal physiology in order to analyse grazing systems. GrassGro can simulate the 

production from, and profitability of, both annual and perennial type pastures for 

different livestock breeds. Representation of grazing management in the model is 

relatively simple. However, it is capable of carrying out simple rotational grazing 

systems, set-stocking systems and deferment strategies (Simpson, Clark, Alcock, Freer, 

Donnelly and Moore 1996; Moore, Donnelly and Freer 1997). 

 

The use of models to represent perennial pasture types in the south west of Western 

Australia is in its infancy (Sounness 2001). This is somewhat of a reflection of the 

grossly under-funded nature of this area of research (Bathgate and Pannell 2002). 

 

Previously, some whole-farm analysis of the profitability of lucerne using the MIDAS 

model (Model of an Integrated Dryland Agricultural System) had been conducted by 

Bathgate, Blennerhassett and O'Connell (2000) and Young (2000). This preliminary 

research indicated that lucerne fills a niche in farming systems in the South Coast and 

Great Southern regions of Western Australia and has the potential to increase whole 

farm profit. 

 

In addition, a project was proposed by Dolling, Asseng, Porter, Robertson, Cocks and 

Ewing (2000), to use simulation modelling to predict the growth, water and nitrogen 

dynamics of lucerne in rotation with crops. This project has now been completed and 

the findings are being used to conduct further analysis of the role of lucerne-based 

pasture in farming systems in the south west of Western Australia (P. Dolling 2004, 

pers. comm.). 

 

Recent research into the economics of deep-rooted perennials in western Australia by 

Bathgate and Pannell (2002) showed that lucerne has the potential to be profitable in 

suitable environments. It was proposed that further improvements to the economic 

performance of lucerne are needed in order to increase the scale of adoption by farmers. 
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An economic study by Kingwell et al. (2003) which examined plant-based salinity 

management options in southern Australia found comprehensively that lucerne was a 

profitable inclusion in farming systems in many regions. Phase rotations that 

incorporate lucerne, or lucerne rows with crop inter-rows, were both profitable systems. 

There was however, an optimal area of lucerne on each farm and further plantings 

beyond that optimum would decrease farm profit. At present there is only a small base 

of biological information about perennial pasture types in Western Australia and this 

hinders efforts to analyse their role in farming systems (Bathgate, Blennerhassett and 

O'Connell 2000; Young 2000). 

 

2.6 Conclusion 

The challenge of growing perennials to mitigate dryland salinity is currently being faced 

by farmers in the south west of Western Australia. The mainstream practice of 

continuous grazing or set stocking is detrimental to the persistence of many species of 

perennial pasture and substantial changes must be made to current farming systems in 

order to incorporate them. Previous research has shown that perennial lucerne-based 

pasture is profitable in suitable environments. However further improvements to its 

economic performance are needed in order to increase the scale of adoption by farmers. 

Alternatives such as rotational grazing and cell grazing need to be evaluated. 

 

When the scientific literature relating to alternative grazing systems and pasture types is 

examined, there are four important factors that stand out. These factors include; 

• the lack of persistence of perennial pastures, such as lucerne, under continuous 

grazing; 

• the spatial heterogeneity of grazing under continuous and simple rotational grazing 

systems; 

• the increase in productivity due to an increase in the level of water soluble 

carbohydrates under cell grazing systems; and 

• increases in the amount of pasture lost from the system as a result of livestock 

grazing at low stocking densities under continuous and simple rotational grazing 

systems. 
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These four factors are likely to have a significant impact on the relative productivity and 

profitability of alternative grazing systems and pasture types. However, further research 

would be necessary in order to determine the nature and magnitude of the effect that 

these factors have. In addition, there would undoubtedly be some more complex 

interactions between these factors which would be difficult to predict. 
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3. Case studies 

 

3.1 Introduction  

The purpose of the real-farm case studies is to help close the gap between the more 

abstract model and research findings and real farm complexities. As models are only a 

partial representation of reality, conclusions from them would be more convincing after 

being challenged and complemented by results from real farm case studies in which 

more of the reality can be included (Malcolm 2001). The case study component of this 

analysis was used in order to gather farming systems information from some innovative 

farmers who have adopted rotational type grazing management practices and perennial 

pastures. Case studies are becoming increasingly recognised as an excellent tool to 

gather valuable information, particularly for farming systems research (Malcolm 2001).  

 

The cases reported in this thesis are instrumental, in that they provide insight into the 

issue of grazing management practices and perennial pastures. This instrumental study 

is extended to several cases making it a collective case study. As a collective the case 

studies provide generalised data that helps in the understanding of the practical reality 

of rotational grazing and perennial pastures (Stake 2000). The collective case study 

helps to inform the modelling process by providing qualitative information that assists 

with system design, to make the model more realistic, and generalised quantitative data 

that helps with the operation of the grazing management decisions in the model. 

 

This section contains a collection of seven instrumental case studies which provide an 

insight into the grazing management practices and use of perennial pastures by some 

innovative farmers in the south west of Western Australia. Figure 3.1 shows the location 

of the seven case study farms in the south west of Western Australia. While their cases 

are interesting individually, as a collective they provide an insight into a relatively new 

phenomenon in this farming region. 
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Figure 3.1: Case study farm locations 
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3.2 Case study methodology 

The focus of these case studies was targeted on reaching an understanding of grazing 

systems and perennial pastures. However, this approach was not entirely satisfactory to 

some of the farmers as they preferred to look at their farm as a whole, rather than a part 

(grazing system). Some supplementary information is supplied in Appendix 1 in order 

to explain some of the new thinking, organisations and training programs raised in this 

collective case study. 

 

The structure of the case study analysis was an informal discussion, conducted at the 

farm, followed by some in-field pasture inspections to back up the discussion with some 

observation of farming practices. To provide some conceptional structure to the case 

studies, they were organised around a number of discussion points. Some of the case 

studies were conducted in 2002 while the remainder were conducted in 2003. Notes 

were taken at the time and each case study subsequently written up from these notes. All 

of the farmers were given a draft of their case study so that they could check the 

accuracy and presentation of the information. 

 

The discussion points that guided the discussion are listed below in three themes, these 

being: 

1. General, pastures and grazing systems 

2. Economic and social 

3. Problems and the future 

 

General, pastures and grazing systems 

• Location of farm, rainfall and distribution (growing season/non-growing season), 

size of farm, enterprises, size and type of grazing enterprise. 

• Do you grow perennials on your farm and if so what type (e.g. fodder trees, 

perennial grasses/ legumes)? 

• How does the perennial fodder/pasture fit into the farming system? What changes 

did you have to make to your farming system in order to incorporate perennials? 

• What do you think is needed/required in order to grow perennial pastures/fodder 

crops in the WA wheat belt? Why do you think most wheat belt farmers don’t grow 

perennials? 
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Economic and social 

• What are the key things that drive profit? e.g. What is special about your system 

that makes it work? 

• Is it profitable? Do you think that perennial pastures or your grazing system has 

improved the farm’s profit? What about prospects for profit in the future? Has that 

changed as a result of the changes to your farming system i.e. short term (annual 

profits) versus long term (profits over a longer period of time)? 

• What evidence have you seen to indicate that profitability has improved? e.g. Have 

stocking rates been increased as a result of the perennial pasture system or has there 

been a reduction in the amount of supplementary feeding as a result of adopting a 

perennial pasture system? Have any other costs been reduced as a result of a 

change to perennials or a different grazing system (e.g. less time spent 

moving/checking livestock)? 

• How does the time required to shift livestock affect your farming lifestyle or 

quality of life? 

 

Problems and the future 

• Are there any key problems with your production system, or do you anticipate any 

problems? e.g. Red gut, pulpy kidney, bloat etc. This could include any other 

things that have or may affect production that we can learn from or look out for if 

the system is adopted by other farmers in the future. 

• What is the future direction of your perennial pasture grazing system? How do you 

think that you can ‘tweak’ the system to get more out of it? Are there any research 

priorities that you can think of? 

 

The conclusions in the individual case studies highlight the views and perceptions of the 

farmers. 
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3.3 Case studies 

3.3.1 Case Study 1: John and Sheryn Howard ‘Petersfield Farm’ 

Location: 11km North West of Mount Barker, WA 

Rainfall: 660mm, growing season April to October 

Size of farm: 293ha 

 

Introduction to the farm’s operations 

• John currently has three main grazing enterprises on his farm. 

• Beef enterprise consisting of 45 cattle breeders. 

• Sheep enterprises comprised of wool and meat production. 

• Runs merino sheep, merino lambs and cross breed lambs with a total of about 1200 

ewes, 280 hoggets, 285 lambs, (sold 495 prime lambs and 200 merino wether 

lambs in 2003) 

• As well as the farming operation John runs an off farm fabrication business 

constructing livestock yards and gates. 

 

John and his wife attended training in Holistic Management in April 2002 which taught 

them about the benefits of improving their grazing management and monitoring to make 

sure pastures are not grazed too hard. This was consistent with the direction they were 

planning to head with improvements to grazing management. Prior to doing this training 

John had a rotationally set stocked program where grazing practices consisted of 

predominantly set stocking but a few paddocks were kept spare at all stages in order to 

move the stock on to another paddock when required. Following the course he began 

using the holistic grazing planning process and has started to re-sow the perennial 

pastures. Previously in the 1980s John had tried to plant perennial pasture for two 

successive years but they didn’t persist and he reverted back to an annual pasture 

system. The changes which were made to John’s grazing management practices have 

allowed him to rethink the perennial pasture alternative. 

 

Perennial pastures and their establishment 

A 30 ha paddock of perennial pasture was sown in June 2002 and another 30 ha in June 

2003. The temperate perennial pasture sown includes grasses such as rye grass (Lolium 
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perenne L.), cocksfoot (Dactylis glomerate L.), tall fescue (Festuca arundinacea 

Schreb.), phalaris (Phalaris aquatica L.) and the legume white clover (Trifolium repens 

L.). In preparation, this paddock previously grew a hay crop, thus providing a clean 

paddock for the establishment of the perennial pasture. Based on the success of this 

preparation and establishment method John will continue to use this technique in the 

future in order to establish perennials on his farm. In addition to sowing the temperate 

perennial pastures, John established 10 ha of sub-tropical perennial grasses in October 

2003, using the Evergreen mix plus lucerne (Medicago sativa L. ssp. sativa). Currently 

John is evaluating the productivity of perennial pastures so that he can decide their place 

in his farming system. 

 

Grazing management practices 

John uses holistic grazing planning techniques to plan grazing movements through a 

series of paddocks. High stocking densities are achieved through the use of large mobs 

or herds in smaller paddocks. This results in a very even spatial distribution of grazing 

as depicted in Figure 3.2 after sheep were grazing at a high stocking density for just one 

morning. The use of large mobs/herds of mixed livestock to simplify grazing 

management is depicted in Figure 3.3. Some of the technology used for grazing 

management is shown in Figure 3.4. At present he is operating two grazing cells 

(management units). Table 3.1 shows major events in his grazing plan and some of the 

implications for grazing management. 
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Figure 3.2: Very even spatial distribution of grazing as a result of sheep grazing at 

a high stocking density for just one morning (right and foreground), ungrazed 

paddock (left) 

 
 

Figure 3.3: Large mobs (background)/herds (foreground) of mixed livestock to 

simplify grazing management 
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Figure 3.4: Old (dog) and new (temporary electric fences) technology for grazing 

management 
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Table 3.1: Grazing planning events 

Month Class of 
animal 

Event Results Grazing 
implications 

November Prime lambs Sold   
November Sheep Shearing   
November Lambs Swap 

mothers 
Weans lambs 

whilst still 
allowing them to 
have adult sheep 

with them. 

Maintains two 
mobs for easier 

grazing planning. 

Early 
December 

Adult sheep Cull Improve flock 
prior to mating. 

 

Late 
January 

Lambs Put on 
stubble 

  

Late 
January 

Adult sheep Mating   

March Adult sheep 
and hoggets 

Combine 
into one 

mob 

Increase stocking 
density, animal 

impact and 
nutrient cycling. 

More frequent 
moves due to 

higher stocking 
density but when 
two grazing cells 

are combined 
there are more 

paddocks to use in 
the larger grazing 

cell. 
March, 
April, 
May 

Cattle Feedlot 
(Silage 
based) 

Improves the 
performance and 

returns from 
young stock. 

The spring flush is 
used as silage 

which means there 
are less stock to 

use the dry 
pasture, leaving 

more for the adult 
animals. 

June Sheep Split sheep 
into two 

mobs 

Split sheep for 
lambing between 
merino and cross 

breeds. 

Less paddocks per 
grazing cell. But 

they are 
subdivided with 

temporary electric 
fencing to create 
more paddocks. 

July Sheep Lambing Lambs spend four 
months with mum 
before weaning. 
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More frequent livestock moves (every 3 or 4 days) have not adversely affected John’s 

farming lifestyle. The livestock have become used to moving and as a result are not 

difficult to move. In a short period of time (just a few months) the cattle and sheep have 

been trained to respond to a whistle when new pasture is available. While most of the 

time the sheep move with the whistle they seem reluctant to respond to this stimulus 

during the spring when there is plenty of feed on offer. In this situation John says that a 

quick shove with the motorbike will cause them to move onto the new pasture, the 

whole moving process taking about 15 minutes. 

 

John believes that planned grazing (planning grazing moves ahead of time to maintain 

adequate recovery periods for the pasture) is essential if perennial pastures are to be 

grown successfully in the WA wheat belt. He believes that perennial pastures will die 

out under set stocking regimes because any green summer growth will be constantly 

grazed leading to a depletion of the plants root reserves and eventual death of the 

weakened plant. 

 

Anticipated developments 

In the future John plans to continue to plant perennial pastures each year. He will assess 

the results of this action to see how much of the farm he will plant to perennial pastures. 

This planting will typically be done when a paddock comes out of crop. In order to get 

more out of his grazing system John believes that he ideally would have to increase the 

number of paddocks up to approximately 100. This would allow for a longer recovery 

period for the pasture. However, John says that it would be unlikely for him to push his 

system this far as it would interfere with the quality of life he desires on the farm by 

tying him to moving livestock on a daily basis. 

 

John has seen evidence on his farm that keeping grass as a ground cover results in 

greater infiltration of rainfall, less evaporation and improved water holding capacity of 

the soil. This more efficient water cycle allows for rapid growth earlier in the growing 

season. For example one paddock that had been cut for hay the previous season was 

quite bare, which resulted in increased runoff and evaporation from the early rain 

causing slower growth than that experienced on other paddocks that had adequate 

ground cover on his farm. This paddock subsequently had to be left out of the first 

grazing rotation. 
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John anticipates that with increased groundcover on his paddocks he will significantly 

reduce paddock runoff. This may then have implications for the farm’s water supply 

which mainly consists of dams which are filled by this runoff. If water shortages are 

likely to occur he may have to build drains or roaded catchments to help fill the dams. 

 

Profit, goals and strategies 

John sees the major driver for profit in his grazing system to be the cost of production. 

Although only new to the practice of planned grazing he sees potential to decrease 

animal health costs. John anticipates that the shorter grazing periods and longer 

recovery periods for the pasture should reduce the incidence of fly strike and lower 

worm burdens by breaking the life cycle of that organism. Already he has been able to 

avoid jetting sheep for flies even though neighbours reported to him that they were 

experiencing problems. Worm burdens have also remained low with faecal egg counts 

not going above 65 with only one drench for the adult sheep in 18 months. This 

provides John with some initial evidence that he can reduce animal health costs. John 

believes that costs of supplementary feeding may also be reduced due to the careful 

planning of grazing management, the use of feed budgeting techniques and the potential 

for more summer feed from perennial pastures. 

 

John hopes he will be able to increase his stocking rate due to the improved planned 

grazing and the increase in the area of perennial pastures. Already John has purchased 

more sheep which he knows he can confidently sustain because of the carefully planned 

grazing. However, John has noticed that the sheep aren’t performing as well as the cattle 

under the new grazing system and he hopes to be able to address this in the future. John 

says that with his new grazing system there has been more grass growth and he plans to 

increase his stocking rate further. In traditional terms his present stocking rate is just 

over 11 DSE/ winter grazed hectare which is higher than the district average of about 8 

DSE. 

 

Conclusion 

Grazing system 

• Grazing is managed in a rotation 
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• A grazing planning process is used to ensure adequate timing of grazing and 

recovery periods in the rotation. This information is recorded on a chart and helps 

to assist with the management and monitoring of grazing. 

• Livestock are run in a larger flock/ herd in order to simplify grazing planning and 

provide more paddocks per flock/ herd (i.e. cattle and sheep are run together). This 

has also meant that the more frequent livestock moves have not increased labour 

requirements. 

• Paddocks have been subdivided in order to provide more, smaller paddocks to 

improve grazing management. This has led to an increase in stocking rate but an 

increase in the amount of money spent on fencing. 

• Pasture budgeting is used in order to meet the nutrition requirements of the animals 

and determine the carrying capacity. 

• Animal performance is good although sheep do not appear to be performing as well 

as the cattle. Animal health is also good and reducing animal health costs appears 

to be possible. 

• Rotational grazing has led to the rethinking of the perennial pasture option 

 

Pasture types 

• Pasture on the farm is currently dominated by annual type pasture 

• Perennial pastures had been grown in the past but they did not persist. It is 

anticipated that the new grazing management will allow the perennials to persist. 

• Perennial pastures are currently being established on the farm and their role in the 

farming system is being evaluated. 

• Perennial pastures could potentially reduce supplementary feed costs and lead to an 

increase in stocking rate. 

 

Achievements and limitations 

• Reductions in the cost of production and increases in stocking rate is anticipated 

due to the improved grazing and the increase in the area of perennial pastures. 

• At present animal performance is a bit variable and will need addressing in the 

future. 
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3.3.2 Case Study 2: Jim and Pam McGregor ‘Maybenup’ 

Location: 5km south of Kojonup 

Rainfall: 500mm 

Size of Farm: 1457ha 

 

Introduction to the farm’s operations 

• The McGregors operate a pure bred Angus cattle stud and commercial herd with 

420 breeding cattle. 

• Cattle enterprises include stud bulls, rising mated 2 year old females as well as 

steers. 

• They also have a merino sheep flock for wool production of 1150 ewes and 350 

weaners with the wethers being sold as lambs. 

 

In 1996 the McGregors participated in a Holistic Management training course. The 

current direction of their whole farming approach is attributed to the insights that they 

gained during this training. They are continuing with their learning and practice of 

holistic decision making as they implement changes to their farming system. Apart from 

changes to their grazing management practices and the beginnings of a perennial pasture 

system, the McGregors have started using alternative soil nutrition products and soil 

testing methods including soil food web analysis conducted by the Soil Foodweb 

Institute at Lismore (Dr Elaine Ingham). This will help to quantify changes to the 

fertility of their soil as a result of improvements to their farming system. 

 

Perennial pastures and their establishment 

The McGregors took over the property in 1998 and there were very small patches of 

cocksfoot, phalaris and fescue on the farm. Many perennial pasture species had been 

planted on the property prior to 1990 but when the previous owner took over the 

property and cropped the farm they were lost. In 2002 the McGregors established their 

first paddock of perennials on the property. This represents the beginnings of fulfilling 

their long term goal of the entire farm to be covered in perennials. The reason for this 

long term goal is because about $10,000- 20,000 annually is spent on the supplementary 

feeding of hay and other fodder to sustain young stock through the summer. Planting 

perennial pastures is seen as a potential way to reduce and eventually eliminate these 
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feeding costs. However, both the costs of supplementary feeding and the establishment 

costs of the perennials have to be borne at the same time in this initial phase. 

 

Their initial aim was to establish a paddock of perennials without losing too much 

grazing time in the transition from an annual pasture to a perennial pasture. They also 

wanted to have enough volume by the end of summer to equal what the paddock would 

have produced with annuals if it was left ungrazed since the 1st of September. The last 

grazing on the paddock was the 19th of August and the seeding of perennials in this 

paddock commenced on the 13th of September. A mixture of perennials was used 

including 2kg/ha each of the three grasses splenda setaria (Setaria sphacelata 

(Schumach.) Stapf & C.E.Hubb.), callide Rhodes (Chloris gayana Kunth) and gatton 

panic (Panicum maximum Jacq.), 2kg/ha of sceptre lucerne (Medicago sativa L. ssp. 

sativa) and 0.4kg/ha of puna chicory (Cichorium intybus L.). So far the establishment 

has been reasonably good with the chicory and lucerne being more noticeable in the 

early stages while the grasses have developed rapidly but at a later stage. 

 

The McGregors believe that a mindset shift is required if farmers are to grow perennials 

in the WA wheat belt. “Farmers have been getting good results from growing annual 

crops and pastures on winter rainfall and they believe that a change would be too hard. 

At the same time people use excuses for not shifting their mindset like, the average age 

of farmers is too old, or we shouldn’t fix it if it isn’t broke, or they are coming to the 

end of their farming life so they either sell out earlier or wait till they sell out, the 

ultimate result is that farmers can’t innovate.” The McGregors, however, maintain that, 

“Age is not really a limitation”, using an example from a local wine producer who is 

innovative and very hands on at the age of 70. “One aspect that appears to be 

particularly difficult to shift away from is the mindset that legumes must be maintained 

as a monoculture.” The McGregors believe that monocultures in pasture are particularly 

bad as they limit the total biodiversity of the farm. A perennial legume such as lucerne 

could however be part of the greater system. 

 

“Another factor that could contribute to the success of perennials in WA is the type of 

soil micro-organisms present.” The McGregors had learnt from a discussion with soil 

scientist Dr Elaine Ingham that forest systems have a tendency towards fungal 

dominance while crop systems tend towards bacteria and permanent perennial pasture 

would perform better if it had a fungal dominance.  
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Grazing management practices 

The present grazing system operated by the McGregors could be made simpler and it is 

still evolving. At present they usually operate three grazing cells, one with the bulls, 

another with the steers (set stocked and rotated), and another with the cows and sheep 

(rotated through about fourteen paddocks). This is a change from the traditional system 

where there was stock in every paddock. With the current system if they want to check 

the livestock they only have to look in three paddocks. Grazing moves have been made 

easier because the cattle have been trained to respond to a ‘whistle blow’. The sheep 

however, still need encouragement, a process which takes about 30 minutes. They have 

also had trouble trying to keep weaner sheep in with electric polywire and the option of 

set stocking these animals is still open at certain times of the year. Figure 3.5 shows the 

sequence of events relating to moving livestock and demonstrates why animal 

husbandry has not been disadvantaged by the decision to switch to rotational grazing 

with fewer larger herds. 

 

Figure 3.5: Grazing sequence (clockwise from top left); a) open gate and blow 

whistle, b) cattle start to move, c) cattle run towards gate, d) rotational grazing 

with fewer, larger herds hasn’t disadvantaged animal husbandry 
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Grazing in the early stages of perennial establishment will be minimal with the animals 

only being in the paddock for the shortest period of time possible. The McGregors allow 

perennials to fit into their farming system by being flexible enough not to be affected by 

the unavailability of feed in a paddock during the establishment phase. They assess the 

feed available on the farm for grazing and plan ahead so that any shortages can be 

addressed by either buying in some feed or selling off some cattle. The perennials will 

extend the growing season both at the end of the season and at the beginning. The 

beginning is the most important because that is when the bulk of their supplementary 

feeding is needed. With perennials in the system early light showers of rain that 

wouldn’t normally be enough to start annual pastures growing will be utilised by the 

perennial pastures. 

 

The McGregors feel that the change to holistic grazing planning has been the most 

significant change in their farming system, one which has led them to the incorporation 

of perennials. Their new farming system has also increased investments in the farm’s 

infrastructure with a greater requirement for additional watering points so that the farm 

can be more readily subdivided into smaller paddocks in order to get a higher number of 

paddocks per grazing cell. At present, watering points on the farm are temporary 

troughs connected by 63 mm pipe. The decision to make the investment in this 

infrastructure was made instead of fertiliser because it was a lack of watering points and 

paddocks that was holding them back from achieving long term sustainability. 

 

Anticipated developments 

One of the key challenges that the McGregors are currently addressing relates to 

changes they have made to the time of calving. Calving was delayed from March (their 

traditional calving time) to mid May. This has meant that dry cows cannot be sold off 

before summer because they are not pregnancy tested in calf until December. With a 

March calving, cows can be pregnancy tested earlier allowing dry cows to be sold off 

before summer. The holistic grazing planning process has made dealing with this issue 

easier as a bulk of feed is built up before summer and then a pasture assessment is 

carried out in order to determine the amount of feed available until the break of season 

(including a reserve for drought). This allows the McGregors to determine when to buy 

in feed and how much they will need based on the amount of feed they have available at 

the end of the growing season. This shift of calving time has also meant that mating is 
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carried out in late July, August and September when feed is wet and contains a high 

amount of protein. This has lead to lower conception rates with their AI program and 

they have decided to feed out hay during this period to address this issue. These issues 

need to be sorted out in order to make the whole system work and they will always 

remain highly flexible. 

 

In the long term the McGregors would like to have the farm covered in perennials and 

they are currently exploring their options to achieve this goal. They are a bit 

apprehensive about the establishment phase as conventional perennial pasture 

establishment methods come at a high cost. Perennial pasture establishment, persistence 

and management is seen by the McGregors as a top research priority. They would like 

to see methods developed that allow perennial pastures to be established at low cost and 

minimal interference with the farming system.  

 

The McGregors are working towards increasing the number (and reducing the size) of 

paddocks on the farm in order to improve their grazing management. Having more 

paddocks will allow longer recovery periods for the pasture and a higher stocking 

density per hectare resulting in more even pasture utilisation. A key to the development 

of infrastructure on the McGregors’ farm is the construction of better watering points to 

allow for ease of subdivision of the paddocks.  

 

Profit, goals and strategies 

The McGregors are trying to achieve long term economic security. The main strategy 

they are employing is to keep the costs as low as they can. They have decided not to 

conserve their own fodder in order to keep the inventory of equipment to a minimum, 

and reduce costs of maintaining equipment. With the purchase of feed rather than 

making it on farm they won’t remove nutrients from the soil and their grazing system 

will recycle these nutrients effectively. Calving has been delayed from March to mid 

May, which helps them to reduce the cost of feeding cows. They have also reduced the 

emphasis on breeders. 

 

The McGregors also try to value add to every calf they produce to maximise income 

and are trying to reduce the need for supplementary feeding in a bad year to minimise 

the cost of maintenance. This means trying to maximise the sale price of the bulls they 
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sell at auction, trying to maximise the price of calf steers by fattening and marketing a 

brand, maximising the sale price of surplus heifers by selling them pregnancy tested in 

calf and minimising the number of culls sold to the abattoirs by also selling surplus 

cows as breeders at a younger age. The McGregors use ‘Breedplan’ as a tool to assist in 

the management of their inventory of animals. This investment gives them information 

which helps them to achieve a maximum value when they sell the animals. 

 

The McGregor’s are working towards various financial goals and would also like to be 

part of a strong rural community. While at the beginning they broke even they are now 

starting to make a profit. The most profitable paddocks on the farm are the paddocks 

that run the bulls. At the same time they are improving their natural resource and land 

value and hope to save money in the long term due to improvements to the fertility of 

their soil as a whole (including nutrients, soil organic matter and soil biota). Since 

taking up the farm in 1998 they have spent less than $70,000 on fertiliser, they 

estimated that under a traditional farming system they would be spending up to $50,000 

per annum on fertiliser. The McGregor’s decided that they would invest their money in 

the farms infrastructure, mainly on watering points. The reason for this decision was 

because it was a lack of watering points and infrastructure that was holding them back 

from achieving gains in soil fertility. Now, according to their monitoring they are 

building humus levels, increasing the activity of soil organisms, and increasing the 

efficiency of the mineral and water cycles. In relation to the water cycle in particular 

they are starting to witness a better result from the opening rains at the start of the 

growing season. They have witnessed lower levels of runoff and can now stop 

supplementary feeding their animals just three weeks after the break of the season. 

 

It is too early to tell whether the perennial pasture will make a difference to the 

profitability of the farm. The McGregor's anticipate that if the perennials work, they will 

be able to achieve significant long term cost reductions. They are, however, taking a 

‘proactive’ approach to making perennials work on the property. The McGregor’s 

believe that a perennial based system would allow them to reduce and perhaps eliminate 

their annual hay cost of $10,000-$20,000. 
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Conclusion 

Grazing management practices 

• Grazing is managed in a rotation. 

• Grazing management is planned in order to ensure adequate grazing and recovery 

periods. Planned grazing movements are recorded on a chart to assist with the 

management and monitoring of grazing. 

• Livestock are run in a larger herd/ flock in order to simplify grazing management 

and increase the number of paddocks per herd/ flock. This includes managing 

sheep and cattle as a single mob. 

• Moving livestock is easy and the larger herd has not compromised animal 

husbandry although problems have been experienced with keeping weaner sheep in 

with electric strip wire. 

• The amount of money spent on fencing and watering points has increased in order 

to increase the number of paddocks per grazing cell. 

• Increasing the number of paddocks, and reducing the size, has improved the 

sustainability and profitability of the farm. 

• Rotational grazing has led to the introduction of perennials into the farming system 

 

Pasture types 

• Pasture on the farm is currently dominated by annual type pasture 

• Perennial pastures had been planted on the property by previous owners but only 

small patches currently remain on the farm. 

• Mixed species perennial pastures are currently being planted on the farm but 

establishment is expensive and the cost of supplementary feeding has to be borne at 

the same time. 

• Establishment of mixed species perennial pastures has been successful and will 

continue. 

• Perennial pastures may reduce and eventually eliminate the large annual expense of 

supplementary feed. 
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Achievements and limitations 

• Changes to the breeding program have created some problems but this is being 

addressed. 

• The costs of establishing perennial pastures are high but it is anticipated that it will 

help lower long term costs of production. 

 

3.3.3 Case Study 3: Lyn and Dave Mathwin ‘Barrule’ 

Location: 20km South East of Kojonup WA 

Rainfall: 500mm 

Size of Farm: 880ha 

 

Introduction to the farm’s operations 

• Grazing enterprises include the grazing of beef, merino sheep for wool and meat 

and cross bred lambs; and 

• Cropping operations use about 16% of the total area and currently includes wheat, 

barley, oats (grain for sheep feed). Canola has been cropped in the past but is 

currently not being grown because it consumes excessive amounts of nutrients 

from the soil and leaves bare ground over the summer which is susceptible to 

erosion. Future cropping of canola will depend on prices. 

 

The Mathwins are developing a whole farm plan since participating in a Holistic 

Management course 6 years ago. The plan is different to farm planning they had 

previously done as it has more emphasis on a long term land plan, planned grazing and 

infrastructure development to help with their grazing management. These developments 

progress when there is available capital. It has made planning their grazing easier and 

they are still learning about the holistic decision making process. Many major changes 

have been made to their grazing program but at this stage they have not made any 

significant changes to their cropping practices. 

 

Perennial pastures and their establishment 

The Mathwins began sowing perennials about 5 years ago and at present have about 30 

ha under perennials. The perennials sown include mixtures of winter active perennial 
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grasses, lucerne (Medicago sativa L. ssp. sativa), white clover (Trifolium repens L.) and 

strawberry clover (Trifolium fragiferum L.). The winter active perennial grasses include: 

cocksfoot (Dactylis glomerate L.), two varieties of perennial rye grass (Lolium perenne 

L.), tall wheat grass (Lophopyrum ponticum (Podp.) Á.Löve) and two varieties of fescue 

(Festuca arundinacea Schreb.). The Mathwins are also planning to sow summer-active 

perennials and they are particularly interested in some of the sub-tropical species that 

are being trialled in the district. They are, however, mindful of potential weed risks with 

some of these species. Australian native perennial species are also being considered as 

options in the future, with remnant stands being monitored at the present. 

 

In order to incorporate perennials into the farming system the Mathwins have had to be 

cautious with their grazing in the first 6 months of establishment. They monitor the 

pasture closely to prevent overgrazing, limiting grazing to one or two times in the spring 

and summer after establishment. As the stand matures they will also allow the 

perennials to set seed every 2, 3 or 5 years depending on the condition of the stand in 

order to maintain the perennial base of the pasture. 

 

The establishment of the perennial pastures is performed using the same techniques that 

they use to plant crops. As they have the necessary cropping equipment this method is 

relatively easy for them. In order to reduce competition from weeds, a knockdown 

herbicide is used followed by spray seed prior to sowing with a combine. Some 

rethinking of the establishment techniques will be required in order to introduce 

summer-active perennials because the seed from these species will lay dormant until 

spring, germinating when the soil is sufficiently warm, making spring planting the best 

option. 

 

The Mathwins have also successfully established lucerne with an opportunistic planting 

on a heavy downpour (approximately 175mm) of rain in December 2001. This process 

was cheap and simple as it only involved inoculating and lime pelleting the lucerne seed 

and sowing it straight into the dead annual pasture. 

 

One attempt to establish perennials that was not very successful involved planting the 

pasture into the stubble residue of a crop. There was too much competition from cape 

weed and the resulting pasture had a low perennial content. This paddock has since been 

resown with better weed control and is doing well. 
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Lyn Mathwin believes that in order for farmers to grow perennials in the WA wheat belt 

they need to change their way of thinking. “They need to try to find the perennials that 

will work and think a bit sideways so that they can try to crop into perennials rather than 

removing the perennial component every time they want to plant a crop. Up until now 

farmers just haven’t thought about it, they are making too much money from annual 

cropping but the last few tough years will change things especially if they want to keep 

their top soil.” 

 

Grazing management practices 

At present their grazing system uses three cells consisting of; 

• Breeding merino ewes, 

• Ewes mated to cross breds and breeder cattle and, 

• Dry sheep and cattle 

Each cell consists of approximately ten paddocks, where the average size of the 

paddocks is 28ha. Portable electric fencing is used to further subdivide the paddocks, 

while troughs and dams are used to supply water to the stock. The cattle are grazed with 

the sheep, and stock are moved between the different management units (cells) 

depending on the stage of the breeding cycle. For example, lambs are moved to the dry 

stock cell at weaning and the maiden ewes are moved to the breeder cell from the dry 

stock cell at this time, ready for mating along with the older ewes. All merino ewes are 

mated in the one mob. The use of large mobs to simplify grazing management, 

combining cattle and sheep, is depicted in Figure 3.6. The length of the grazing period 

in any one paddock is determined by the size of the paddock, the productivity of the 

paddock and the growth rate of the pasture. In order to allow for an adequate pasture 

recovery period the rate of movement through the cell is slowed if the pasture growth 

rate slows. 
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Figure 3.6: Simple grazing management with combined mobs (cattle and sheep) 

and portable electric fencing (off existing fence) to allow for many more paddocks 

per grazing cell 

 
 

The amount of time spent tending to the livestock has not changed significantly. The 

livestock are in only three locations at any one time rather than spread out over a 

number of paddocks, so hand feeding is easier. They have a long term land plan to erect 

more permanent fences and watering points which will cut down the time required to 

shift portable fences. If holidays or time away from the farm is required then this time 

can also be accounted for in the grazing plan. Overall the health of their stock has 

improved with this farming system. This year they were able to achieve an excellent 

94% lambing. They have also not experienced any severe problems with worms and 

they have been using faecal egg counts to determine when to drench for worms. 

 

In recent times their use of grazing planning techniques has allowed them to be more 

flexible, make better decisions, and consider new alternatives. In their cattle production 

they have been able to make decisions about buying in cattle to fatten on excess feed or 

to de-stock to maintain groundcover; timely decisions that they have not been able to 

effectively implement with past grazing techniques. The diversity of pasture species has 
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increased, including the regeneration of Australian native grasses and the introduction 

of exotic perennials into the farming system. 

 

Anticipated developments 

The Mathwins are aiming for 100% ground cover across the farm in the future. While 

they only have a small perennial base at present they are increasing the area each year. 

The farming system will improve as the area under perennials increases towards their 

target of 80-100% of their total area under perennials. In the future they will increase 

the amount of perennials in the system each year with the first step being a whole 

grazing cell planted to perennials. This will mean that the livestock in that grazing cell 

will not have the nutritional disturbance of swapping from annual to perennial pasture. 

In the future the Mathwins will continue to encourage the Australian native perennials 

in their farming system but due to the nature of these species their widespread 

cultivation is problematic. Native species that they are currently encouraging include 

wallaby grass (Austrodanthonia sp.), weeping rice grass (Microlaena stipoides (Labill.) 

R.Br.), fox tail mulga (Neurachne alopecuroidea R.Br.) and kangaroo grass (Themeda 

triandra Forssk.). 

 

The Mathwins are planning to increase the number of paddocks per grazing cell in order 

to improve the timing of grazing movements and the efficiency of their farming system. 

At present they have about 10 permanent paddocks per grazing cell but they subdivide it 

up into about 20 paddocks per grazing cell with portable fencing. 

 

They expect their cropping program will change as they intend to be able to sow annual 

crops into the perennial pastures rather than removing them to plant the crop. The plan 

is to graze the pasture hard in autumn, spray the paddock and then plant the crop. They 

would expect a yield decrease but it would be worth it in the long term as they would 

get excellent grazing out of these paddocks in the summer and would not have to incur 

the cost of reseeding the perennial pastures. Past experience has shown them that this 

method could work with their farming system. In the past they have dry-sown oats into 

annual pasture before the break of the season so that the oats germinate with the annual 

pasture resulting in some excellent sheep feed. 
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The Mathwins expect to be able to cut down their fertiliser inputs over time because of 

increases in soil humus with continuous ground cover. Changes to their traditional 

fertiliser regime will allow them to fine tune their integrated system to encourage soil 

biota. While they still use mainstream products like superphosphate for their cropping 

operation they are using some biologically activated phosphate in their grazing 

operation. 

 

In order to make the future farming system more robust, the Mathwins would also like 

to plant forage shrubs as a drought reserve and feed supplement to improve stock health 

by bringing nutrients up with the deeper root system of these plants. This would help to 

increase the biodiversity on the farm and could also double as shelter belts. If the fodder 

trees are planted in belts they could be fenced off with portable fencing to allow the 

plants to establish. 

 

One problem that the Mathwins anticipate in the future relates to their ability to supply 

adequate water to the stock. Improved perennial pastures which provide more 

groundcover will decrease the amount of runoff into dams. To overcome this they have 

planned to put in more troughs, strategic dams and roaded catchments to increase runoff 

into dams so that they don’t run out of water.  

 

Profit, goals and strategies 

The establishment of perennial pastures has allowed a cost reduction due to the reduced 

need for supplementary feeding. Further cost reductions will occur as the area under 

perennials increases. It is anticipated that higher prices will be received for wool 

produced resulting from improvements to the staple strength of the wool due to the 

livestock receiving a more even plane of nutrition with perennial pastures. 

 

The Mathwins are finding that the grazing planning works because they can be 

proactive and flexible, decreasing stocking rates in a bad season and increasing stocking 

rates in a good season; this is a key factor that drives their profit. They are able to 

budget the amount of feed they have available and then decide at the beginning of 

summer whether to buy in feed or not. This allows them to save money on the cost of 

feed. Overall the long term stocking rate will increase because the perennials will allow 

them to grow pasture all year round.  
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The Mathwins were able to maintain a profit over the last couple of dry seasons with 

their farming system. They are looking at the long term sustainability of the farming 

system and as a result prospects for profits in the future are good. With perennial 

pastures and holistic grazing planning they will also be able to build humus in the soil. 

Other farms in the district have lost top soil in the last two years, once to wind erosion 

and once to water erosion. The Mathwins’ soil remained protected by adequate ground 

cover.  

 

Conclusion 

Grazing management practices 

• Grazing is managed in a rotation. 

• Grazing management is planned in order to maintain adequate grazing and 

recovery periods relative to pasture growth rate. The planned grazing moves are 

recorded on a chart to assist with the management and monitoring of grazing. 

• Livestock are run in a larger flock/ herd in order to simplify grazing management 

and allow for more paddocks per flock/ herd (sheep and cattle are run together in 

the same mob depending on animal husbandry requirements). 

• More, smaller paddocks are created by subdividing using temporary electric 

fencing. 

• Existing water points and fences are used but long term they plan to establish more 

in order to improve their grazing management and their farming system as a whole. 

• Planning and budgeting their grazing has allowed them to be flexible and make use 

of opportunities as they arise. 

 

Pasture types 

• Pasture on the farm is currently dominated by annual type pasture. 

• Perennial pastures are currently being established on the farm and plantings will 

continue into the long term where they expect most of the farm to be in perennial 

pasture. Most techniques for establishing perennial pasture have worked quite well 

so far, although an attempt to establish perennial pasture into crop stubble failed 

due to weed competition. 
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• Perennials are generally sown in mixtures of species and have an annual species 

component. 

• Perennial pastures have reduced the cost of supplementary feed and further cost 

reductions are expected as the area under perennial pasture increases. 

• It is expected that perennial pastures will allow them to increase their long term 

stocking rate due to their ability to grow pasture all year round. 

 

Achievements and limitations 

• Increases in profit have resulted from a proactive planning approach to grazing 

management and the establishment of perennial pastures. 

• The prospects for profit in the future are good as they are looking at the long term 

sustainability of their farming system. 

 

3.3.4 Case Study 4: David Monks ‘Adelong’ 

Location: Badgingarra 

Rainfall: 650-700mm (about 90% in the growing season, 10% in summer) 

Size of farm: 1970ha 

 

Introduction to the farm’s operations 

• Enterprises include wool, light shippers, prime lambs, pasture seeds (e.g. cadiz). 

• David runs about 3500 ewes plus replacements at 10 DSE/winter grazed ha 

 

There are a range of perennials currently grown on the farm. Three major land use areas 

exist on the farm, deep sandy soils (DSS) which grow blue lupins (Lupinus cosentinii 

Guss.), high water table (HWT) sand flats where water is held back by about 100m of 

impermeable ironstone rock, and sand over clay (SOC) soils at varying depths where 

there are some areas at risk of going saline. 

 

Perennial pastures and their establishment 

The perennial pastures on the HWT areas are using water and are helping to reduce the 

autumn feed gap. Kikuyu (Pennisetum clandestinum Hochst. ex Chiov.) and strawberry 

clover (Trifolium fragiferum L.) pastures are the predominant pasture species. Tagasaste 
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(Chamaecytisus palmensis (H.Christ) F.A.Bisby & K.W.Nicholls) is also grown on the 

flats where the water is further from the surface, which gives some good grazing in 

autumn and spring but supplies a key feed resource in winter.  

 

On the SOC soils a range of perennials are being grown and David plans to establish 

more in the future. There is an eleven year old stand of setaria (Setaria sphacelata 

(Schumach.) Stapf & C.E.Hubb.) and panic grass (Panicum maximum Jacq.), some 

seteria and panic which was planted in 2000, and a mix of rhodes (Chloris gayana 

Kunth), seteria, panic and kikuyu grasses which was planted in 2001. Plantings for 2003 

include 30ha of lucerne (Medicago sativa L. ssp. sativa) and 70 ha of the Evergreen mix 

which includes rhodes, seteria, panic and signal grass (Urochloa decumbens (Stapf) 

R.D.Webster). 

 

David believes that farmers will not widely adopt perennials until they know that they 

can profit from them. “At present there is a knowledge gap and farmers have to stick 

with what they can make money from.” It is for this reason that the Evergreen Farming 

Group (which David is currently president of) has applied for funding to benchmark the 

profitability of farms that are growing perennials. 

 

Grazing management practices 

David attended a PROGRAZE training course in 1999. After completing the course, he 

decided to make changes to the way he was farming. One of the major farm 

management practises he now uses is rotational grazing. David also conserves the 

spring flush of growth by locking up some paddocks for hay and silage, thus 

transferring the excess feed to autumn. Other changes that have been made include 

chemical manipulation of pasture composition, the use of Timerite® for red legged 

earth mite control and supplementary feeding of grain to achieve better growth rates of 

lambs over summer. Merino lambs in 2002 weighed only 22kg while lambs that were 

supplemented with grain in 2003 averaged 38kg, a 72% increase. The more effective 

nutrition also allows for greater utilisation of the pasture. 

 

Anticipated developments 

In the future the grazing system may be improved through the investment in some better 

strip grazing fencing equipment. This would involve the purchase of a 4 wheel 
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motorbike, a Wrappa® (a machine that helps set up the fences) and some more strip 

wires. This would allow for more easy subdivision of the paddocks in spring and 

improved grazing management. However, at the present time, David feels that the 

capital expenditure on this equipment is not justified. 

 

While David is supplementing his lambs on grain to increase the level of protein in their 

feed, a local Ag WA advisor has suggested the protein level of the pasture could be 

increased by planting white clover in with the kikuyu and strawberry clover. 

Successfully establishing white clover in the existing pasture is the next challenge. 

 

David sees two key issues for perennial pastures in the future and these are: 

1. A cheap economical nitrogen source (which sowing cadiz into the established 

stand of perennials seems to be providing); and 

2. Monitoring of the protein and digestibility of the pasture in order to match the 

nutritional requirements of the livestock with the nutrients that are available in the 

pasture. 

 

Profit, goals and strategies 

Profit is the key driver of David’s farming system. Profitability in David’s farming 

system is driven by the productivity of his livestock measured by kilograms of wool and 

meat per hectare. David ranks light shippers as the most consistently priced enterprise 

followed by prime lambs, medium micron wool, pasture seed, and lastly, fine wool. 

 

David’s goal is to use the perennial pastures to: 

1. Increase the value of his land asset, by using more water which is currently a 

liability due to encroaching dryland salinity problems; and 

2. Reduce the autumn feed gap, by producing green feed at a time when the annual 

pastures are not growing. 

 

No significant problems with the health of the livestock have been experienced to date 

and none are anticipated as they progress with the planting of perennial pastures and 

rotational grazing. Minerals including cobalt and selenium bullets are used at weaning 

and Maximin® (a mineral supplement) every 6 weeks for prime lambs. In the case of 

worms, a faecal egg count early in 2003 returned a reading of 0 with only a single 
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strategic summer drench used. David suggests that “intense summer temperatures (air 

temps >45 degrees C) may be controlling worm larvae viability on pastures.” 

 

David believes that his use of perennial pastures and rotational grazing has made the 

farm more sustainable and has allowed him to reduce his inputs. The perennials recycle 

nutrients and use soil moisture 365 days per year, effectively reducing the risk of 

salinity. The soil structure on the HWT sands under perennial pastures has improved. 

Tests have shown an increase in organic carbon from 1.9% in 1998 to 3.5% in 2002, an 

84% increase in 5 years. Figure 3.7 shows this particular land class where increases in 

organic carbon have been observed. 

 

Figure 3.7: Increases in soil organic matter observed under perennial pastures and 

rotational grazing 

 
 

Conclusion 

Grazing management practices 

• Grazing is managed in a rotation 

• Rotational grazing has helped to make the farm more sustainable. 
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• Monitoring of protein and digestibility of the pasture in order to match the 

nutritional requirements of the livestock with the nutrients that are available in the 

pasture is considered as a key issue. 

 

Pasture types 

• Pasture on the farm is currently dominated by annual type pasture. 

• Perennial pastures are currently being established and more perennials will be 

planted in the future. 

• Perennial pastures are helping to make the farm more sustainable by; using more 

soil moisture than the traditional annual type pastures, and improving the soil 

structure and soil organic matter content. 

• Perennial pastures are helping to reduce the autumn feed gap. 

 

Achievements and limitations 

• Profit is the key driver of the farming system and this is driven by the productivity 

of the livestock measured in kilograms of wool and meat per hectare. 

• The use of perennial pastures and rotational grazing has helped make the farm 

more sustainable and reduce the costs of inputs. 

• Increasing the number and reducing the size of paddocks in the rotation, with some 

more temporary electric fencing equipment, would improve grazing management 

but at the present time the capital expenditure on this is not justified. 

 

3.3.5 Case Study 5: David and Joan Cook ‘Noondel’ 

Location 1: 1740ha near Dandaragan townsite 

Rainfall 1: 600mm 

Location 2: 1121ha 10km west of Dandaragan 

Rainfall 2: 650mm 

Total size of farm: 2861ha 

 

Introduction to the farm’s operations 

The Cooks run a certified organic beef production operation with 800 breeders, 750 

yearlings and 40 bulls. The Cooks also practice Holistic Management and the livestock 
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are managed holistically using planned grazing. Yearlings are marketed every 3 weeks 

direct to the Perth market. 

 

Perennial pastures and their establishment 

The Cooks grow a range of perennials on the farm including mixes of rhodes grass 

(Chloris gayana Kunth), panic (Panicum maximum Jacq.), lucerne (Medicago sativa L. 

ssp. sativa) and digit grass (Digitaria sp.). Tagasaste (Chamaecytisus palmensis 

(H.Christ) F.A.Bisby & K.W.Nicholls) is also used but it is not highly valued in the 

farming system because it has a limited nutritive value, especially prior to the break of 

season. 

 

The perennials fit in well with their current farming system provided that grazing is 

planned to allow for sufficient recovery periods for the plants. The perennials are 

proving very useful for out of season production and as a means to capitalise on summer 

rainfall. 

 

In order to incorporate perennials into their farming system the Cooks have had to have 

a planned grazing system (to ensure that adequate recovery periods for the plants are 

provided). An effective means of establishment is also necessary and as the Cooks farm 

organically a non chemical means had to be found. The present method that they are 

using involves ploughing the paddock, levelling, topdressing the seed and then rolling 

the seed in. 

 

The Cooks believe that in order for farmers to grow perennials in the WA wheat belt 

they need to first develop ‘an understanding that without perennials the wheatbelt is 

doomed to salt encroachment.’ They believe that many farmers simply ‘do not 

understand the unsustainability of present practices including cropping methods and set 

stocking.’ The Cooks maintain that ‘growing perennials is pointless without planned 

recovery periods’ and that ‘set stocking equates to elimination of perennials.’ The 

Cooks believe that currently ‘the most sustainable action a farmer could commit would 

be to incorporate perennials into his/her farming system.’ 
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Problems and anticipated developments 

The Cooks have found that with intensive grazing management it is very important not 

to push the system too far. For example if you leave the stock in a paddock for too long 

it can force them to eat higher nitrate pasture and precipitate scouring or metabolic 

problems such as grass tetany. To avoid these problems experience has indicated that 

grazing should be based on taking only one third of the feed available at any one 

grazing. This rule also applies in summer due to the shock to rumen microbes if feed 

quality varies over short periods such as what occurs when stock are forced to eat 

paddocks out. The Cooks emphasise the fact that ‘a good grazing plan avoids these 

problems.’ 

 

Experience has also shown that the animals also need time to adjust to being in a large 

mob. In a large mob viruses etc. will be spread more quickly. While this is a negative at 

first it can give higher immunity within the herd once a disease has run its course. 

 

The Cooks believe that fertility inputs for perennial pastures need to be researched as 

‘perennials source nutrients deeper than annuals; thus we are in a new scenario 

regarding soil inputs.’ Appropriate perennial species and cultivars also need researching 

as does establishment and seed harvesting. 

 

The Cooks also think that research is required into the nitrate problems that they have 

been experiencing which they believe is probably unrecognised as yet but has been 

causing big losses during winter as evidenced by scouring, metabolic disease problems, 

and below optimum weight gains. This is related to the problem experienced in winter 

where the feed is high in protein and low in energy. Perennial grasses appear to be 

beneficial possibly because they have a higher fibre content. 

 

The Cooks see a need to introduce a dung beetle which will fill the void of activity in 

spring. Currently other times of the year are well serviced by the many species already 

introduced. The contribution by dung beetles to recycling nutrients, reducing parasitic 

worm populations and aerating soil, is immense and provided at no cost. 
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Profit, goals and strategies 

Using planned grazing management and perennials to produce organic beef has been 

profitable for the Cooks. The Cooks maintain that ‘harnessing and working with the 

power of nature ultimately leads to lower costs’ and that ‘lower costs are the key to 

profitability.’ Their holistic approach to farming addresses the needs of the soil as a 

whole. They describe the soil as “the stomach” of the crop whether it is a pasture or a 

grain crop and if positive inputs are made, the ability of the soil to provide nutrients 

naturally will be enhanced. The Cooks are already seeing the benefits of this approach 

even after only 3 years of managing for the soil. Their monitoring has indicated that 

pasture growth and density has increased, soil organisms are becoming increasingly 

active, organic matter is building quickly, diseases in the pasture are becoming less 

prevalent, runoff has decreased and erosion is no longer a problem. They believe that 

these improvements must equate to increasing profitability. 

 

Perennial pastures have also been making a substantial contribution to the farm’s profit. 

The Cooks finished cattle on their perennial pastures in May 2003. No weights were 

taken. However they believe that they obtained gains equivalent to feedlot growth. The 

Cooks have an ongoing perennial planting program. With their farming system the 

bonus is that establishment is a once-only cost since ‘perennials are permanent provided 

they are managed properly.’ 

 

As a result of the changes to the Cooks farming system they have been able to increase 

the stocking rate. At the same time they have more ground cover than ever before, and 

supplements are negligible (i.e. approximately 4 tonnes of hay for 1700 cattle and a lick 

of minerals is provided over summer). They attribute these improvements to the 

changed grazing system and they expect further production gains as more perennial 

pastures are established. The downside is that there has been a greater time commitment 

required with their planned grazing. Because stock are checked and moved more 

regularly the farm needs constant attendance. Therefore, if ‘timeout’ from the farm is 

required they need to plan ahead. There has also been capital costs involved with 

fencing and water. However, the reduction in costs in other areas compensates for this 

and once the infrastructure is in place, inputs should be minimal. This initial set up of 

the farms infrastructure for more intensive grazing management has contributed to a 

temporary increase in labour requirements. 
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The changes that have been made at ‘Noondel’ have led to the development of a 

profitable, robust farming system. The soil fertility as a whole is being improved every 

year due to the use of planned grazing management. This grazing planning and 

budgeting helps to maintain adequate ground cover and allow for recovery periods 

which enhance the perennial pasture system. As a result the planting of perennials will 

continue and further enhance the farm’s profit and soil fertility as a whole.  

 

Conclusion 

Grazing management practices 

• Grazing is managed in a rotation. 

• Grazing management is planned to ensure that adequate recovery periods for the 

plants are provided. A grazing planning chart is used to record this information 

which is used for management and monitoring of grazing. 

• Rotational grazing has allowed perennials to be incorporated into the farming 

system. 

• Paddocks have been subdivided to improve grazing management. Initial capital 

costs spent on fencing and watering points have been incurred and temporary 

labour requirements have gone up. However, this has led to a reduction in costs in 

other areas. 

• Animal health problems have occurred with the larger herd because diseases can 

spread quicker, however this leads to greater immunity in the herd. 

• Animal performance has been good, and stocking rate has been increased while 

adequate ground cover has been maintained. 

 

Pasture types 

• Pasture is currently dominated by annual type pasture. 

• Mixtures of perennials are currently being established on the farm. 

• Further production increases are expected as more perennial pastures are 

established. 

• Growing perennial pastures is seen as the most sustainable action a farmer could 

take. 
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• Monitoring shows that soil fertility as a whole is improving (as a result of planned 

grazing and perennial pastures). 

 

Achievements and limitations 

• Problems can occur with intensive grazing management if the system is pushed too 

far, however, a good grazing plan can prevent this. 

• Changes to the grazing management and the introduction of perennial pastures 

have created a more profitable, robust farming system. 

 

3.3.6 Case Study 6: Rupert Richardson and Megan Christie ‘Kalga’ 

Location: Mundijong 

Rainfall: 850-890mm 

Size of Farm: 1214ha or 3000 acres with 567ha freehold and 647ha leased 

 

Introduction to the farm’s operations 

‘Kalga’ is a beef producing operation in the high rainfall coastal region near Mundijong. 

The area has a predominantly winter rainfall distribution, with a long growing season, 

from approximately mid April to the end of October. The area typically experiences 

extended periods of waterlogging in winter due to the fact that much of the farm was 

originally swamp land which was drained. 

 

Rupert and Megan began making changes to the way they manage grazing on the farm 6 

years ago after attending a course on Holistic Management. They describe their current 

grazing system as follows: “It is about having the animals at the right place at the right 

time to achieve what you need to move towards your goal, both in the short and long 

term.” 

 

Perennial pastures and their establishment 

Existing pastures on the farm are based on mixed annual species of grasses, legumes 

and forbs. Small amounts of perennials such as kikuyu (Pennisetum clandestinum 

Hochst. ex Chiov.) and couch grass (Cynodon dactylon (L.) Pers.) exist on the property 
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and only a small area of wattle (Acacia saligna (Labill.) H.L.Wendl.) was planted in the 

past as fodder shrubs but did not fit in well with their farming operation.  

 

Over the last two seasons they have been sowing summer active perennial pastures in a 

few paddocks on their farm. This included sowing rhodes grass (Chloris gayana Kunth) 

two years ago and a mixture of sub-tropical grasses last year. They are looking to 

provide summer feed to at least maintain their animals over the summer dry period but 

they will still rely on annuals for the peak feed demand period when they are growing 

and finishing stock. The target is to have 100% ground cover and to be utilizing solar 

energy 365 days of the year.  

 

They believe that establishment is very important in order to be able to successfully 

grow perennials. They suggested that seed needs to be planted early particularly on poor 

sandy hills. Another salient point they made is that “Soils in many areas of Western 

Australia might not be ready for perennials yet and that improvements should be made 

to the microbiology of the soil before farmers could expect to grow them successfully”. 

They are still experimenting with the establishment of perennials on their property but 

they want to be able to use a low cost method for establishment. So far they have been 

using a low seeding rate of 1-2kg/ha and have experimented with direct drilling the seed 

into pasture and with spreading the seed on the surface and using cattle impact to 

trample it into the ground. Both treatments were performed with and without chemical 

weed control. 

 

Grazing management practices 

Before they started making changes to they way they were farming, stock were hand fed 

hay over the summer period. They decided that they did not want to drive tractors 

around with hay because of the money and time involved. The cost of hand feeding 

added another $100-150 to every animal that came off the property. As a result their 

operation is currently limited by what they can carry over summer. The use of planned 

grazing and feed budgeting allows them to plan ahead to cut back the number of 

animals at the start of summer to the number of animals that they can carry with the 

available feed. 
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The average grazing period is about 2½ days with variable recovery periods depending 

on the plant growth rate. Livestock are rotated though about 37 paddocks which form 

the management unit of a grazing cell. A balance must be struck between utilising the 

pasture and the amount of trampling the animals perform. This is particularly important 

in winter where waterlogging and cold temperatures can slow growth considerably, 

especially if grass is trampled into the surface water. They also want to maintain a good 

farming lifestyle so they try not to be too management intensive. With cattle they have 

to check the water points each day but the main management input is at calving where 

they need to observe every cow that is calving.  

 

Anticipated developments 

With the change in the style of management they also changed their way of thinking. 

Changes in their farming system quickly progressed, including changes to the plants and 

the soil. The cattle, however, were used to the old management practices and had to 

learn how to behave with the new management. The physiological changes in the cattle 

have been slower to come about and each year they have experienced a new and 

different problem. What they have found is that the majority of cattle perform well with 

this system (80%) but a few (20%) need special treatment under the new management. 

The cattle are culled on performance and any animals that need special treatment will go 

at the next sale. With the change in management they don’t know what is going to 

happen next but they have not repeatedly experienced the same problem. Local native 

pasture plants are considered a priority for future research in order to determine their 

nutritional or any special benefits or advantages in a diverse pasture. 

 

Profit, goals and strategies 

Profit at ‘Kalga’ is largely driven by lowering the cost of production. In the first year of 

practicing Holistic Management they decided not to use supplementary feeding 

anymore and because they had not built up a feed supply in the paddocks they had to 

destock in the first year. At this time they leased some land to expand their operation, 

which is currently a major cost for the farm. Some cost reduction has taken place by 

cutting back on fertiliser. This decision has been closely monitored with soil testing and 

experimenting with strips of fertilizer application. Under rotational grazing with high 

stocking densities nutrient cycling is increased but some nutrients are still exported in 

the cattle. The soil testing has also revealed an increase in soil organic matter. 
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Investigations into the heath of plants and soil has revealed that the dark layer of 

organic matter (see insert) has deepened and previously sod bound pasture is developing 

much deeper root systems (see Figure 3.8). 

 

Figure 3.8: Investigating the health of plants and soil in a newly established 

perennial pasture (Insert: pointing to the band of dark organic matter which has 

grown and discussing the increasing depth of rooting and colour in the soil) 

 
 

Reducing costs and increasing profit has been an important step in the overall 

management of the farm as it has helped to reduce debt and interest payments. They do 

not use any niche marketing so the sale price is largely out of their control. However, 

they do try to get the best price at the time of selling. At present they pre-sell cattle in 

order to secure a good price. 

 

Since they began changing their management 6 years ago profit has increased by 20-

30% each year. They attribute part of the increased profit to grazing management and 

the improvement in soil organic matter. Carrying capacity has increased during this time 

and they believe that perennials have the potential to improve the stocking rate but only 

as a part of the whole system. 

 

The grazing management is dynamic and based on planning and monitoring to create 

the desired results. In the future they would like to make more progress towards their 
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holistic goal to be increasingly profitable, have a healthy environment with healthy 

ecosystem processes and biodiversity. By focusing their management on financial, 

social and environmental factors simultaneously they will make more rapid progress 

towards their goal. In the case of financial management the first priority is to make sure 

that it is sound in the short term. Once this is achieved they then check to see what the 

impact will be in the longer term. 

 

Conclusion 

Grazing management practices 

• Grazing is managed in a rotation. 

• Grazing is planned with recovery periods being dependent on the plant growth rate. 

A planning chart is used to assist management, monitoring and budgeting of 

grazing. 

• Grazing management is dynamic and based on planning and monitoring to create 

the desired results. 

 

Pasture types 

• Pasture is currently dominated by annual type pasture. 

• Perennial pasture is currently being established on the farm. They are looking to 

provide summer feed to at least maintain animals over the summer dry period. 

• Experiments are being conducted to devise low cost establishment methods for 

perennial pastures. 

• Perennial pastures are expected to improve the stocking rate but only as a part of 

the whole farm system, including the contribution of the annual pasture component. 

 

Achievements and limitations 

• Since changing the way they farm 6 years ago profit has been increasing by 20-

30% each year. Carrying capacity has increased over this time as well. 

• Cattle have taken a while to get used to the new management practices. While the 

majority of cattle perform well a few need special treatment (these animals are 

culled). 
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3.3.7 Case Study 7: Rob and Jennifer Warburton ‘Korellup’ 

Location: 40km south of Kojonup 

Rainfall: 550mm, 90% falls in the growing season May to October 

Size of farm: 1800ha 

 

Introduction to the farm’s operations 

• The main farming operations include wool, meat and grain 

• Roughly half of the farm is used for cropping and half for pasture. 

• The farm runs about 13000 DSE of merino sheep, at a stocking rate of about 19 

DSE/winter grazed hectare (WGha), cutting about 80 kg greasy wool/WGha. 

• On top of the farm family the farm also employs an extra full-time worker. 

• Both crop and pasture management is intensive 

 

Perennial pastures and their establishment 

As of next year, 25% of the farm will be in perennial pasture which will amount to 50% 

of the total pasture area. This perennial area will be divided up equally with one third of 

the area in lucerne-based (Medicago sativa L. ssp. sativa) pasture, one third in 

temperate-grass-based pasture and one third planted to sub-tropical species. This 

division will help to spread the green feed out over the year because the different 

pasture types will grow at different times. Some of the lucerne pasture is pure and is 

often reserved for the weaner sheep. Some of the lucerne has annual pasture in it as 

well. Lucerne will provide good early summer growth. The temperate-grass-based 

pasture has phalaris (Phalaris aquatica L.) and perennial ryegrass (Lolium perenne L.) 

as well as annuals including legumes such as crimson clover (Trifolium incarnatum L.) 

and grasses. It will provide good feed in winter. 

 

The subtropical pasture species include rhodes grass (Chloris gayana Kunth), seteria 

(Setaria sphacelata (Schumach.) Stapf & C.E.Hubb.), signal grass (Urochloa 

decumbens (Stapf) R.D.Webster) which provide good summer growth. The subtropical 

pastures have also been planted with either lucerne or tall wheat grass (Lophopyrum 

ponticum (Podp.) Á.Löve). One strategy that Rob has employed to increase the 

production of summer feed from his sub-tropical pasture is to spray the annual plants 
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out in order to conserve moisture for summer growth. The feed from this sub-tropical 

pasture was subsequently utilised in a six paddock rotation. 

 

Rob believes that rotational grazing is essential if farmers want to incorporate perennial 

pastures into their farming systems; they simply ‘can’t do without it’. For him, 

perennials enhance the farming system. 

 

In order to grow perennial pastures in the WA wheatbelt Rob believes that ‘people need 

to treat their pastures like they do their crops’. Farmers, he says, ‘don’t fertilize or 

reseed their pastures but they would need to in order to get more out of their livestock 

operations’. He says that ‘people complain about not having a profitable livestock 

enterprise but they don’t put the same amount of effort in that they do with their crops’. 

At Korellup both crop and pasture management is intensive. Figure 3.9 shows the 

interest among farmers, that newly established perennial pastures on his farm, has 

created. 

 

Figure 3.9: Newly sown subtropical perennial pastures are creating interest among 

farmers in WA 
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Grazing management practices 

At Korellup, grazing management practices change all the time and every year is 

different. It is however, based on rotational practices that consider the timing of grazing 

and recovery periods. Rob learnt about grazing management from a diverse range of 

sources. With his formal training at Marcus Oldham College in Victoria he had the 

opportunity to tour many agricultural areas in the eastern states and New Zealand. He 

continues to learn with reading and the networks of people he has contact with. While 

Rob does plan how he is going to manage his grazing rotation for a given season he 

does not use any formal planning process or chart to assist this planning. 

 

Grazing is deferred at the break of season to allow for the pasture to establish and 

become productive early. The sheep are maintained with grain feeding of oats and 

lupins during this period. 

 

Livestock are managed in two or three large mobs depending on animal husbandry 

considerations. Up to 4000 sheep can be in the one mob. By having only a few large 

mobs no extra time is required to shift livestock. In fact Rob estimates that he could be 

spending less time with the sheep and making labour savings as a result. This has not 

compromised animal husbandry because regular moves, sometimes every three days, 

allow Rob to get a very good visual reference and feel for production and animal health. 

Sheep are shifted through laneways and as they are used to moving it is not very 

difficult, taking approximately 30 minutes. Paddocks are subdivided using a 

combination of permanent and temporary fences, as shown in Figure 3.10. 
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Figure 3.10: Subdivided paddocks using a combination of permanent and 

temporary electric fencing; currently being grazed (left), ungrazed and escapees 

(right) 

 
 

During a seven week period of the year, where lambing and marking are occurring, 

ewes and lambs are set stocked for animal husbandry reasons. 

 

Future anticipations 

Profit is being driven by production and production of wool for instance has increased 

from 40 kg/WGha to 80 kg/WGha as a result of changes to the farming system and 

grazing management practices. During this transition stocking rates were increased from 

12-13 DSE/WGha to 18-19 DSE/WGha one of the major changes to the farming system 

at this time was the change of lambing from June- July lambing to August lambing. In 

future lambing could be even later and if lambing was made ‘tighter’, over a shorter 

period, weaning could still be done at the same time. Alternatively weaning could occur 

in December because the young stock would have green perennial feed to go on to. At 

present lambing takes place over a five week period with marking taking place one 

week after lambing finishes. Tighter lambing over a three week period could be 

achieved by synchronising the ewes using hormone treatments. Pregnancy scanning of 

ewes could be used to identify twins so that ewes that are twinning could be fed better, 

allowing the lambing percentage to be increased from 85-100% to an aim of 130%. Rob 
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aims to increase stocking rate up to 25 DSE/WGha and increase wool cut to 100 

kg/WGha over the next 5 years. 

 

Rob has found that worms can be a problem with intensive grazing management if you 

do not monitor worm burdens carefully. Young sheep in particular can experience 

problems with worms in his farming system because in winter they get the worst feed 

and can be on paddocks with a high level of contamination. Monthly faecal egg counts 

are employed to monitor livestock to ensure that the problem is kept under control. As a 

whole, under the current farming system and grazing management practices, the sheep 

are fitter and healthier than they have ever been. 

 

Profit, goals and strategies 

Profit in the livestock operation at Korellup is driven by growing grass and legume 

pastures. If they can grow more grass more cheaply and harvest the grass efficiently 

with the animals, they will be able to increase the stocking rate and subsequently profit. 

Other management considerations that are important to the profitability of Rob’s 

farming system include: running the weaners well through spring to get the weights up 

before summer, fattening the shippers on perennials if they are not fat from the spring 

flush, simply maintaining dry ewes over summer on stubble paddocks with little 

management but giving them preference of feed over other stock in winter during 

pregnancy and lactation. 

 

The downside of attempts to grow more feed is that this can be expensive. In particular 

fertiliser costs can be high and Rob currently spends about $100/ha on fertiliser. This 

includes regular timely applications of nitrogen fertiliser after a paddock is grazed in the 

rotation. Resowing pastures can cost up to $60/ha on seed and some annual pastures 

will be resown every year, a cost which can be born by the farm if it results in an 

increase in production and sound economics. 

 

Subdivision of paddocks on the farm is used in order to achieve more efficient grazing 

and changes in landuse. The farm is divided into good profitable cropping areas and 

areas that are better used for perennial pastures such as waterlogged areas or areas with 

a high proportion of unarable land such as granite outcrops. In addition to this 15% of 

the arable area has been removed for other land uses such as Eucalyptus species 
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sawlogs. Creeks on the farm have also been fenced generously in order create areas on 

the farm which increase biodiversity, aesthetic values, act as nutrient traps and provide a 

landcare investment. Rob and Jennifer believe that if farmers are going to invest in 

landcare they must be profitable.  

 

Conclusion 

Grazing management practices 

• Grazing is managed in a rotation. 

• The grazing rotation is planned each season but no formal planning process or chart 

is used to assist this planning. The rotational grazing practices consider the timing 

of grazing and recovery periods. 

• Grazing is deferred at the break of season to allow the pasture to establish and 

become productive early. 

• Livestock are managed in two or three large mobs which means that even with 

frequent moves no extra time is required to shift livestock. Animal husbandry has 

also not been compromised as the frequent moves allow for a very good visual 

reference of the livestock. 

• During lambing, ewes and lambs are set stocked. 

• Subdivision of paddocks is used in order to achieve more efficient grazing. 

• Rotational grazing is considered essential to the incorporation of perennial pastures 

into the farming system. 

• Worm burdens are monitored carefully as they can be a problem but as a whole, 

under the current farming system and grazing management practices, the sheep are 

fitter and healthier than they have ever been. 

 

Pasture types 

• As of next year 50% of the pasture area on the farm will be perennial type pasture, 

this will amount to 25% of the total farm area in perennial pasture. 

• The area of perennial pasture will be divided into one third in lucerne-based 

pasture, one third in temperate-grass-based pasture and one third planted to sub-

tropical species. This division will help to spread out the green feed over the year. 
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Achievements and limitations 

• Attempts to grow more feed can be expensive in particular fertiliser costs can be 

high. 

• Both stocking rate and wool production per hectare has increased. 

• Perennial pastures have created new opportunities for livestock production. 

• Both crop and pasture management on the farm is intensive. 

 

3.4 Conclusions from the case studies 

All of these farmers practice some form of rotational grazing and consider this essential 

to the incorporation of perennials into the farming system. Many of the farmers selected 

for these case studies have been taught to use, and are using, a grazing planning process 

which involves recording information relating to grazing management on a chart. This 

helps to maintain adequate grazing and recovery periods relative to the pasture growth 

rate. Some form of planning and budgeting of grazing management is performed by all 

of the farmers and is considered an important aspect of their success. 

 

Subdivision of paddocks is considered to be essential to continued improvement of 

grazing management practices. This can help to improve the timing of grazing and 

recovery periods as well as making grazing more efficient. Subdivision is performed 

using a mixture of existing fences and watering points, and temporary electric fences, or 

building new relatively cheap permanent fences and watering points. While subdivision 

of paddocks is part of the transition towards more intensive grazing management, there 

is a limit to how far an individual farmer would take this as an increasingly intensive 

farming system may interfere with their quality of life. 

 

In general these farmers have moved from set stocking practices to more intensive 

rotational grazing management practices. During the transition some farmers have 

experienced animal health or performance problems with the livestock. However, they 

have adopted proactive approaches and overcome the problems that occurred. As one 

farmer put it, “the definition of insanity is doing the same thing over and over and 

expecting a different result.” In some cases it is possible that individual animal 

performance is being compromised for the efficiency, productivity and profitability of 

the farming system as a whole. For example combining different classes of animals may 

inhibit a specific feeding regime for a given class of animal, however creativity and 
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flexibility of management throughout the year appears to overcome some of these 

problems. 

 

While at this stage most of the farmers have only a small perennial pasture base, the 

encouraging results they are getting have meant that they plan to plant more perennial 

pasture in the future. Perennial pastures are providing, or are seen as having the 

potential to provide, lower costs, a more even supply of green feed, new opportunities 

for livestock production, and a more sustainable farming system. Other benefits of 

grazing planning and the introduction of perennial pastures have been the increase in 

soil fertility, as a whole, and the increase in water use relative to annual type pastures. 

The cost of establishing perennials, however, is proving to be a barrier to the rapid 

conversion of the dominant annual type pasture to perennial type pastures. 

 

The fact that these farmers have generally changed from more traditional set stocking, 

on annual type pastures, means that they are readily able to make comparisons between 

alternative grazing management practices and pasture types. This is pertinent to the 

thesis as a whole as it makes for effective comparisons of alternative grazing systems 

and pasture types. It is worth noting that the success that these farmers are experiencing 

with rotational type grazing management practices is typical of commercial experiences 

observed by other research workers, as mentioned in the literature review. 
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4. Methodology and Data for Modelling 

 

This chapter of the thesis contains three sections relating to the methodology and data 

used in this analysis. These are: 

1. The choice and justification of the method/model; 

2. The choice of data for input into each module; and 

3. The results scenarios to be run using the model. 

 

Table 4.1 shows a list of variables used in the model. 
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Table 4.1: Model variables 

Variable Units Explanation 
GPm days Grazing period for the month 
RPm days Recovery period for the month 
P  Number of paddocks in the rotation 
FOO kg/ha Feed on offer (dry matter (DM)) in a paddock  
S  Substrate available for dry matter production 
t  time 
PGR kg/ha/day Pasture growth rate (dry matter) 
AI kg/head/day Actual animal intake 
RIFOO  Relative intake for quantity scaling factor 
RIDDM%  Relative intake for quality scaling factor 
DDM% % Percentage of digestible dry matter 
PropLeg  Proportion of legume in the pasture 
MEI MJ/day Metabolisable energy (ME) intake 
M/D MJ ME per kg of FOO 
MEm MJ/day ME required by the animal for maintanance 
LW kg Current liveweight 
A years Age of the animals 
km  Net efficiency of use by the animal of ME for energy 

maintenance 
EGRAZE MJ/day Amount of energy expended by the animals at pasture 
EB MJ Balance of energy from intake surplus to other needs such as 

maintenance 
LWC kg Liveweight change 
LWG kg Liveweight gain 
LWL kg Liveweight loss 
kg  Net efficiency of use by the animal of ME for net energy 

gain in growth and fattening 
EVG MJ/kg Energy value of empty body gain 
Q  Current liveweight divided by the standard reference weight 
R  Adjustment for rate of gain or loss 
NEC MJ/day Net energy available for gain 
WGR g/head/day Wool growth rate 
WI $ Wool income 
TWP kg/ha Total wool production 
WP c/kg Wool price of clean wool 
SI $ Sheep sales income 
SP $/head Shipper price 
SR head/ha Stocking rate 
TI $ Total income 
CR $ Cost of replacements 
VC $ Variable costs 
AVC $ Additional variable costs 
π $/ha Profit gross margin 
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4.1 Choice and justification of the method/model 

This study uses bio-economic simulation modelling techniques in order to compare 

alternative livestock grazing management practices and pasture types for the south west 

of Western Australia. Much of this analysis uses an adapted version of the pasture and 

animal production modelling techniques used in the Great Southern Model (GSM) and 

South Coast Model (SCM) of MIDAS. MIDAS is a whole farm Model of an Integrated 

Dryland Agricultural System, which was developed by the Western Australian 

Department of Agriculture in the 1980’s (Kingwell and Pannell 1987). 

 

The pasture and animal production components of the GSM and SCM MIDAS used in 

this analysis were largely developed by John Young (1995). These components have 

been widely tested and used for analysis of agricultural production systems in the Great 

Southern and South Coast regions of Western Australia. However, to make the 

components fit the daily time step of the grazing systems simulation model they had to 

be constructed from scratch using the formula established and tested in the 

aforementioned work. 

 

Figure 4.1 shows the agricultural zone in the south west of Western Australia and the 

North Stirlings Pallinup sub-region which is the focus of this analysis. 
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Figure 4.1: North Stirlings Pallinup sub region in the south west of Western 

Australia. 
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Generalising the qualitative and quantitative information from farmers about their 

grazing management practices and perennial pastures from the case studies was an 

integral part of this process. While the qualitative information helped with system 

design the quantitative information provided data that assists with paddock 

management. A grazing systems simulation model was subsequently constructed which 

could test the performance of: 

1. A continuous grazing system- based on stocking rate where livestock are set 

stocked on a single paddock with no rotation; 

2. A rotational grazing system- a simple (four paddock) grazing rotation based on 

relatively fixed grazing and recovery periods throughout the year; and 

3. A cell grazing system- a more intensive (sixteen paddock) form of rotational 

grazing that varies grazing and recovery periods according to plant growth rate 

and animal requirements. 

 

In addition the model had to be able to compare different pasture types including: 

1. Annual pasture- based on sub clover; and 

2. Perennial pasture- based on lucerne. 

 

4.1.1 Model structure 

The model structure, outlined below, consists of three main parts used for the purposes 

of this study and two additional parts which could be used to conduct further analysis. 

The model structure is illustrated in Figure 4.2. 

 

The three main parts include: 

1. Management System Level. This level forms the core part of the model and 

includes the grazing management systems and pasture types which are the 

foundation of the study; 

2. Animal Production. This component includes assumptions about flock structure 

which have an impact on the Management System Level and the Land 

Management Unit Level; and 

3. Land Management Unit Level. This level includes the animal production from, 

and the economic analysis of, the Management System Level. 
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The two additional parts which could be used to conduct further analysis include: 

4. Whole Farm Level. This level could be used to examine the whole farm 

implications of alternative grazing systems and pasture types and could include 

considerations such as crop residues and fodder conservation; and 

5. Environmental Impact Level. This level could be used to examine the impact 

that alternative grazing systems and pasture types have on the amount of water 

use and recharge under the different treatments. 

 

Figure 4.2: Grazing system simulation model structural diagram 
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4.1.2 Animal Production 

This unit simply looks at the animal production considerations that have impacts on the 

Management System Level and subsequent Land Management Unit Level. At the 

Management System Level the flock structure assumptions influence animal intake. At 

the Land Management Unit Level the flock structure assumptions influence the animal 

production model and the economic analysis. 
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As the objective of this study is to make comparisons between alternative grazing 

systems and pasture types, animal production systems that could be carried over the 

entire year were most applicable to this analysis. For this reason adult wether sheep for 

wool production were chosen instead of ewes that produce lambs or prime lambs as they 

have a consistent demand for feed and are not to be sold off after fattening. Also, by 

using only one class of animal the analysis could be kept relatively simple. If multiple 

classes of livestock were running in the same paddock the animal intake calculations 

would be extremely complicated. This would require considerably greater modelling 

effort to represent and would not add a significant amount to the findings of the 

analysis. 

 

The wethers used in this analysis are based on an animal which has an age range 

beginning at 3.7 years old and finishing at 4.7 years old, has a standard reference weight 

of 60kg and is shorn once a year on the 15th March and then sold and replaced by 

younger animals which are produced on the farm. 

 

4.1.3 Management System Level 

The Management System Level forms the core part of the model by combining the 

biological functions relating to the pasture growth with the grazing management system 

functions and animal intake functions. This management system level effectively forms 

the management unit of a grazing cell. 

 

For the purposes of this study there are three components to discuss in the management 

system level section of the methodology. These are: 

1. Grazing management systems;  

2. Pasture types; and 

3. Animal intake. 

 

Grazing management systems 

This component of the model focuses on the representation of the three grazing 

management systems which are a major focus of this study. The analysis was conducted 

based on a total area of 1000ha. These systems are, the: 
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1. Continuous grazing system: based on stocking rate where livestock are set 

stocked on a single paddock with no rotation; 

2. Rotational grazing system: a simple (four paddock) grazing rotation based on 

relatively fixed grazing and recovery periods throughout the year; and 

3. Cell grazing system: a more intensive (sixteen paddock) form of rotational 

grazing that varies grazing and recovery periods according to plant growth rate 

and animal requirements. 

 

The stocking rate for all the grazing systems was set using the tool “Solver” in 

Microsoft Excel. This tool allowed the stocking rate variable (SR) to be set to the 

maximum amount given soil erosion constraints. The soil erosion constraints that had to 

be adhered to incorporated having an average of 1000 kg of dry matter per hectare over 

all of the paddocks and a minimum of 600 kg of dry matter per hectare in any individual 

paddock just before the break of the season. These soil erosion constraints restrict the 

values that can be used for stocking rate in the model and ensure that an adequate 

amount of dry matter is present at the break of season to protect the soil from erosion. 

 

Exogenous variables for the grazing management systems 

Exogenous variables for the grazing management systems had to be created in order to 

provide the input variables for the paddock management functions. The data for this 

driver was derived from the generalised quantitative case study information and then 

adjusted using biological information from the management system level. This created a 

data set which suits the management objectives and the biological reality. This data set 

is included in the ‘Choice of data for input into each module’ section of this chapter. 

Effectively this automates the farmer’s decisions which had to be made about when to 

move the livestock for each grazing management system. The input variables required 

for these decisions include: 

1. The thresholds for FOO (Feed On Offer, measured in kilograms of dry matter 

per hectare); and 

2. The grazing (GPm) and recovery periods (RPm) (time, measured in days). 

 

Thresholds for FOO 

The thresholds for FOO place a lower limit on the FOO that can be in the current 

paddock before the sheep are moved out and an upper limit to the FOO that must be in 
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the next paddock before the sheep can move into it. This data is varied according to the 

time of year and the corresponding management objectives. Effectively the lower limit 

prevents a drop in animal performance by moving the sheep if there is not enough feed 

available in the paddock, and the upper limit helps to slow down the rotation at times 

when the feed supply is short so that recovery periods are not overly compromised. At 

times when feed is not limiting this factor is overridden by the grazing period variable 

so the sheep movements are based on achieving adequate recovery periods. 

 

Timing of grazing and recovery periods 

The grazing and recovery period data sets are linked. Recovery period is an input 

variable into the grazing period function. Grazing period is a function of the length of 

the recovery period and the number of paddocks in the grazing system, so that: 

 
)1(

   
−

=
P
RP

GP m
m  

(4.1)

where: 

GP is the grazing period for the month m; 

RP is the recovery period for the corresponding month m;  

P is the number of paddocks being used for this run minus the paddock that the 

livestock are already in; and 

GPm is rounded to the nearest integer because the smallest time step allowed for grazing 

periods in the model is one day. 

 

A recovery period data set is created for each grazing system and has an exogenous 

variable for each month of the year to keep it consistent with the pasture growth data 

which is also monthly. 

 

Continuous grazing system 

The continuous grazing system represents the mainstream practice of set stocking used 

by farmers in the south west of Western Australia. Continuous grazing is represented in 

the model using a single paddock with no rotation. In the continuous grazing system 

stocking density is equal to stocking rate. 
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Rotational grazing system 

The rotational grazing system represents the most common, simple form of rotational 

grazing which is typically adopted by farmers who are growing perennial pastures such 

as lucerne. Rotational grazing is represented in the model using a four paddock rotation. 

With this system there are only a small number of paddocks, and as such, there is not 

much flexibility in the length of grazing and recovery periods. As a result grazing 

periods range from 3-15 days, and recovery periods which are inextricably linked range 

from 10-45 days. With only a small number of paddocks it is not possible to 

simultaneously achieve short grazing periods and long recovery periods. In the 

rotational grazing system stocking density is four times stocking rate. 

 

Cell grazing system 

The cell grazing system represents a more intensive form of rotational grazing which a 

few graziers in the south west of Western Australia have put into practice. Cell grazing 

is represented in the model using a sixteen paddock rotation. Because of the larger 

number of paddocks there is a greater amount of flexibility in the length of grazing and 

recovery periods. Grazing periods range from 1-3 days during the growing season to 10-

14 days during the dormant summer period. Recovery periods which are inextricably 

linked range from 15–45 days in the growing season to 152–213 days during the 

dormant summer period. In the cell grazing system the long recovery periods in summer 

represent a single pass through the pasture during the dormant period. In the cell grazing 

system stocking density is sixteen times stocking rate. 

 

Pasture types 

The pasture type parameters of the model were created in order to make comparisons 

between the two pasture types selected for this study. This component of the model 

contains functions and data relating to the quantity and quality of pasture grown. The 

annual pasture selected for this analysis represents the traditional sub-clover-based 

pasture which has been a mainstay for livestock production in the south west of Western 

Australia. The perennial pasture selected for this analysis represents a lucerne-based 

pasture which is currently being adopted by a few farmers in this region. The pasture 

types are represented in a generic way in the model rather than being specific to the 

predominant species in the sward. 
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Endogenous variables are required on a monthly basis for the functions relating to the 

quantity and quality of the pasture produced. This is based on the approach used in the 

GSM MIDAS where a data set supplies endogenous variables for each period of the 

year. However the GSM MIDAS only uses ten periods of unequal length for the year. 

These periods are based on events which are appropriate for the traditional annual 

pasture system but are not entirely satisfactory for comparisons between annual and 

perennial pastures. In particular, the out of season growth of the perennial pasture would 

not be treated adequately within this framework. To make comparisons between annual 

and perennial pastures more efficient, twelve monthly periods were created for this 

analysis. 

 

Pasture growth model 

A suitable pasture growth model had to be constructed in order to represent differences 

in pasture growth between alternative grazing systems and pasture types. In this analysis 

the rotational and cell grazing systems both have recovery periods built into them which 

allows the plants to regrow after a period of grazing. This means that the pasture growth 

rate (PGR), expressed as DM kg/ha/day, and subsequent amount of feed on offer 

(FOO), expressed as DM kg/ha, will be important to the results of the comparison 

between alternative grazing systems. 

 

According to Thornley and Johnson (2000), when growth rates over extended periods of 

time are important, the logistic or sigmoid growth curve is the correct model to use as it 

will more accurately simulate the growth rate while the plant recovers from grazing and 

eventually matures. With the sigmoid growth curve it is assumed that the quantity of 

growth machinery (leaf area) is proportional to the amount of dry feed on offer (FOO) 

and the growth machinery works at a rate proportional to the amount of substrate (S). 

This equation assumes that there is no net loss or gain from the system, so that: 

  constant FOO  S  FOO S FOO f 00 ==+=+  (4.2)

where: 

FOO0 and S0 are the initial values of FOO and S at time t=0; and 

FOOf is the final value of FOO approached as t→∞. (Note that all of the substrate is 

used up, so that S→0 as t→∞.) 

 



 85

The logistic growth curve is represented in Figure 4.3 and it can be seen that the 

response is a smooth sigmoid where t* is the point of inflection where the maximum 

pasture growth rate, as measured in kg/ha/day, is achieved.  

 

Figure 4.3: Logistic growth equation 

 

 
The logistic growth equation can be expressed as: 

 )FOO(k' f FOOFOO
dt

dFOOPGR −==  (4.3)

where: 

PGR and FOO are variables; and 

k′ and FOOf are constants. 

 

With this growth equation PGR is quadratic in relation to FOO. The quadratic growth 

function has been commonly used and can readily be applied to this grazing systems 

simulation model. Thus the quadratic growth curve is used for the purposes of this 

analysis. To further simplify the modelling process a linear approximation of the 

quadratic growth function was made. This linear approximation uses exogenous pasture 

growth data to provide the FOO and PGR coordinates for each linear segment of the 

curve. This linearised pasture production function is represented graphically in Figure 

4.4. 
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Figure 4.4: Pasture growth curve 

 
The functions for the three linear segments are described below: 

 FOO  PGR1 a=  (4.4)

given the parameter FOO < FOOg; 

 cb  FOO  PGR2 +=  (4.5)

given the parameter FOOg ≤ FOO ≤ FOOh; 

 ed  FOO   PGR3 +=  (4.6)

given the parameter FOO>h; 

 

where: 

PGR is the pasture growth rate in kg/ha/day; 

FOO is the total amount of feed on offer measured in kg/ha of dry matter; 

FOOg and FOOh define the corners of the linearised pasture growth curve as shown in 

figure 4.4; 

Exogenous pasture growth data is used to provide the monthly FOO and PGR 

coordinates for points g and h. 

The PGR parameter values are reduced as a function of rotting (rm) which is an 

exogenous variable determining the amount of pasture lost from the system on a 

monthly basis, so that: 

 gg(initial) FOOPGR mg  r   PGR −=  (4.7)

 “a” is the slope of PGR1 so that: 

PGRg 

PGRh 
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FOO
PGR

a   =  
(4.8)

“b” is the slope of PGR2 so that: 
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(4.9)

 “c” is the PGR intercept for PGR2 given that: 

 
g

gh

gh
g FOO  

FOO - FOO
PGR - PGR

PGR  c ×−=  
(4.10)

 “d” is the slope of PGR3 so that: 

 m -r =d  (4.11)

 “e” is the PGR intercept for PGR3 given that: 

 hh FOOPGR  e m r +=  (4.12)

 

This follows the pasture growth modelling approach used in the GSM and SCM 

MIDAS. The reason for this choice is that because the functions relating to pasture 

growth are used in the whole farm analysis they are, through necessity, relatively 

simple, yet they successfully capture most of the complexity of a continuous grazing 

system. As MIDAS does not represent rotational type grazing systems some additional 

complexities which relate to these systems should be included in an analysis of 

alternative grazing systems and pasture types. 

 

Complexities not captured by the pasture growth model 

There were three additional complexities not captured by the pasture growth model. 

These are: 

1. The dynamics of water soluble carbohydrates; 

2. Persistence of perennials; and 

3. Losses not explained by animal intake. 

 

Water soluble carbohydrates 

One complexity not captured by the pasture growth model which is pertinent to this 

analysis of alternative grazing systems is the dynamics of water soluble carbohydrates 

discussed in the literature review. In terms of the logistic growth function previously 
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discussed, an increase in the amount of water soluble carbohydrates is an increase in the 

amount of substrate (S) available for dry matter production. 

 

Evidence suggests that grazing systems, such as cell grazing that match grazing and 

recovery periods with plant growth rate will be able to build up the level of the water 

soluble carbohydrate in the plants. Effectively this means that the plant growth equation 

in cell grazing systems should start with a higher level of substrate relative to other 

grazing systems. What has not been sufficiently quantified in the literature is exactly 

how much higher the level of substrate and subsequent faster pasture growth rate is. As 

a result the model was constructed in order to test the sensitivity of this water soluble 

carbohydrate parameter. Four different values for this parameter were tested: 

1. A baseline level of 0% increase in productivity; 

2. A small increase in productivity of 10%; 

3. A moderate increase in productivity of 20%; and 

4. A large increase in productivity of 30%. 

 

In order to incorporate this parameter into the model, the PGR coordinates of the 

linearised pasture production function were increased by the appropriate parameter 

value for each run. This effectively produces a series of new curves which are more 

productive than the baseline value for this parameter. This increase in production is in 

proportion to the new parameter value’s production increase. An increase in the level of 

substrate therefore means that the pasture is more productive. 

 

Persistence of perennials 

Another complexity not captured by the plant growth model relates to the level of 

persistence of perennial plants under the alternative grazing systems. As identified in 

the literature review, perennial plants such as lucerne do not persist well under 

continuous grazing, but can persist under simple or more intensive rotational grazing 

systems. Again the value of this parameter has not been sufficiently quantified and so 

was also subjected to sensitivity analysis. Four different values for this parameter were 

tested: 

1. A baseline level of 0% persistence decrease; 

2. A small persistence decrease of 10%; 

3. A moderate persistence decrease of 20%; and 
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4. A high persistence decrease of 30%. 

 

In order to incorporate this parameter into the model the PGR coordinates of the 

linearised pasture production function (for out of season growth only) were decreased 

by the appropriate parameter value for each run. This effectively produces a series of 

new out of season growth curves which are less productive than the baseline value for 

this parameter. This production decrease is in proportion to the new parameter value’s 

persistence decrease. A decrease in persistence, therefore, means that the ability of a 

lucerne-based pasture to produce out of season feed is diminished. 

 

Losses not explained by animal intake 

Another complexity not captured by the plant growth model relates to the level of losses 

not explained by animal intake under the alternative grazing systems. As identified in 

the literature review, grazing systems which have high stocking densities relative to 

stocking rate, such as cell grazing, may have much greater efficiencies of harvesting 

than continuous and rotational grazing systems, which have lower stocking densities. In 

effect, as stocking density is reduced, the amount of losses not explained by animal 

intake increases. Again the value of this parameter has not been sufficiently quantified 

and so was also subjected to sensitivity analysis. Four different values for this parameter 

were tested: 

1. A baseline level of 0% increase in losses; 

2. A small increase in losses of 10%; 

3. A moderate increase in losses of 20%; and 

4. A large increase in losses of 30%. 

 

In order to incorporate this parameter into the model, the value of the exogenous rotting 

variable (rm) was increased by the appropriate parameter value for each run. This 

effectively produces a series of new growth curves which are less productive than the 

baseline value for this parameter. This decrease in production is in proportion to the 

new parameter value’s increase in losses. An increase in losses therefore, means that 

more pasture is lost from the system so that there is less pasture available to the animals 

under continuous and rotational grazing relative to cell grazing systems. 
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Animal intake 

The functions for actual animal intake (AI) are input variables into the animal 

production model in the Land Management Unit Level. They are included in the 

Management System Level because, effectively, actual animal intake represents the 

“mouths” which perform the grazing in the grazing management systems. The 

calculation of actual animal intake is based on the approach established by SCA (1990), 

which has three requirements: 

1. Potential intake; 

2. Relative intake for quantity (RIFOO); and 

3. Relative intake for quality (RIDDM%). 

 

Potential intake  

Potential intake (PI) is the potential amount of feed (in kg) which a particular animal 

can consume in a day. Potential intake is primarily based on the liveweight of the 

animal but it is adjusted based on the class and physiological state (i.e. pregnancy and 

lactation) of the animal. This analysis uses the approach of SCA (1990) where potential 

intake is not affected by within season fluctuations once the animals have reached a 

mature weight. As this analysis only uses one class of dry animal whose potential intake 

does not vary very much within the parameters of this model, potential intake is taken as 

a constant. This constant is based on the liveweight and class of animal as defined in the 

animal production section of this methodology. The potential intake constant of 1.5 

kg/head/day, used in this analysis, is taken from the animal intake relationships as 

described in the GSM MIDAS. Potential intake is adjusted to actual animal intake using 

intake scaling factors based on the quality and quantity of pasture available. 

 

Relative intake for quantity 

Relative intake for quantity (RIFOO) is an intake scaling factor which takes into 

account the amount of FOO available in the paddock. When the FOO is lower, animals 

cannot consume as much food. This relationship for RIFOO is taken from SCA (1990). 

Some adjustment has been necessary due to differences in standards for measuring FOO 

between Western Australia and the eastern states of Australia (J.Young 2003, pers. 

comm.), so that: 
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where: 

RIcoefFOO = -1.4; and 

FOO is the amount of feed available in the current paddock (kg/ha). 

 

Relative intake for quality 

Relative intake for quality (RIDDM%) is an intake-scaling factor which takes into 

account the quality of the pasture available in the paddock. When the quality of the 

pasture is low, animal intake is reduced. This general relationship for RIDDM% is taken 

from SCA (1990) and is used in the SCM and GSM MIDAS. With this function the 

maximum value for RIDDM% is a scaling factor of 1. In situations where RIDDM% is 

less than 1 the following function is used: 

 PropLegDDMRIDDM ×+−×−= 17.0%)8.0(7.11%  (4.14)

where: 

DDM% is an exogenous variable which describes the quality of the pasture in terms of 

the percentage of digestible dry matter it contains (as a decimal); and 

PropLeg is an exogenous variable which describes the proportion of legume in the 

pasture (as a decimal). 

 

Complexities not captured by the animal intake functions 

While the approach used in the GSM and SCM MIDAS to represent animal intake is 

reliable for analysis of continuous grazing systems, there is some additional complexity 

relating to alternative grazing systems which it does not adequately represent. In 

particular the dynamics of spatial heterogeneity of grazing, which were identified in the 

literature review, are not represented with this approach. 

 

Spatial heterogeneity of grazing 

Grazing systems which have high stocking densities relative to stocking rate, such as 

cell grazing, may have a more homogenous spatial distribution of grazing than 

continuous and rotational grazing systems which have lower stocking densities. In 

addition the continuous grazing system has a small mob size (¼) relative to the cell 

grazing system; this factor may further influence animal behaviour. In effect, as 
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stocking density goes down, the spatial heterogeneity of grazing may increase as 

animals select their diet. The dynamics of this relationship have not been sufficiently 

quantified so exactly how and what the full effects of spatially heterogenous grazing are 

under alternative grazing systems is not yet known. As a result this model was 

constructed in order to test the sensitivity of this heterogeneity parameter. Spatial 

heterogeneity is expressed as a percentage of time spent grazing in each of four patches 

of the paddock. Four different values for this parameter were tested: 

1. A baseline level which is homogenous; 

2. Mild heterogeneity (40%, 20%, 20%, 20%); 

3. Intermediate heterogeneity (50%, 30%, 10%, 10%); and 

4. Severe heterogeneity (70%, 20%, 5%, 5%). 

 

Due to difficulties representing spatial heterogeneity of grazing in a rotational grazing 

system, this parameter was only set up for the continuous grazing and cell grazing 

systems. Cell grazing is assumed to be homogenous relative to continuous grazing and 

so assumes the baseline parameter value. In order to incorporate this parameter into the 

model, the paddock was divided into four “patches” and a proportion of the time spent 

grazing was assigned to each “patch”. In effect this “patchiness” of grazing places a 

constraint (weighted according to the selected parameter value) on animal intake as the 

animals feed on the patches which have lower amounts of FOO. An increase in the 

spatial heterogeneity of grazing therefore results in livestock selecting areas with lower 

amounts of FOO, thus placing a restriction on the relative intake for quantity scaling 

factor of the actual animal intake function. 

 

4.1.4 Land Management Unit Level 

The Land Management Unit Level includes the animal production model and the 

economic model, which are closely linked. The output variables from the animal 

production model are the products that are used in the economic analysis. 

 

Animal Production Model 

The animal production model is based on the approach taken by SCA (1990) as used in 

the GSM MIDAS (Young 1995). Firstly the model takes the actual animal intake of 

pasture (AI), measured in kg/head/day, from the management system level and converts 
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it into metabolisable energy intake (MEI), measured in megajoules per day (MJ/day). 

This is accomplished with the following conversion formula: 

 M/DAIMEI ×=  (4.15)

where: 

M/D is megajoules (MJ) of metabolizable energy (ME) per kg of FOO measured at the 

maintenance level of feeding. M/D is calculated using the following formula: 

 2%17.0 −= DDMM/D  (4.16)

where: 

DDM% is the digestible dry matter percentage of the pasture (decimal), which is an 

input variable from the management system level, adjusted to M/D using the 

coefficients from (SCA 1990). 

 

MEm is the ME required by the animal for maintenance and is used in calculations of 

liveweight change: 
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where: 

LW is the current liveweight (kg); 

A is the age in years, with a maximum value of 6.0, in this analysis age is counted 

beginning at 3.70 years; and 

km is the net efficiency of use by the animal of ME for energy maintenance, km is 

represented by SCA (1990) as: 

 5.002.0 += M/Dkm  (4.18)

EGRAZE is the amount of energy expended by animals at pasture: 
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where:  

AI is the actual intake of pasture; 

DDM% is the digestible dry matter percentage of the pasture (decimal); 

T is the terrain constant for EGRAZE with values of, 1 level, 1.5 undulating and 2.0 for 

hilly terrain (the terrain in this analysis is assumed to by undulating); 

FOO is the availability of feed on offer in the current paddock (kg/ha); and 

LW is the current liveweight (kg). 

 



 94

Both MEI and MEm are used in calculations of energy balance. Energy balance (EB) is 

the MJ of energy, obtained from ME intake, which are surplus to other needs such as the 

energy required by the animal for maintenance (MEm), therefore the EB is simply supply 

minus demand: 

 mMEMEIEB −=  (4.20)

EB is used as the basis for liveweight predictions in the model while wool growth 

predictions are based on MEI. 

 

Liveweight predictions 

Liveweight change (LWC) is the gain or loss of liveweight and is calculated from an 

initial liveweight (kg). Liveweight is variable and changes as a function of previous 

liveweight plus LWC. LWC will be positive or negative depending on whether animals 

achieve a liveweight gain (LWG) or make a liveweight loss (LWL). LWC is dependent 

on the energy balance (EB), where if the energy balance is greater than 0 the animals 

achieve LWG: 
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where: 

kg is the net efficiency of use by the animal of ME for net energy (NE) gain in growth 

and fattening. This is represented by SCA (1990) as: 

 M/Dkg 043.0=  (4.22)

If the energy balance is less than 0 the animals make a LWL, so that: 
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where: 

km is the net efficiency of use by the animal of ME for energy maintenance and 0.8 is a 

constant representing the efficiency of use, for maintenance of energy provided to 

the animals by catabolism of their tissues (SCA 1990). 

The energy value of gain (EVG) is the energy content of empty body gain (MJ/kg EBG) 

used in the calculations for both LWG and LWL. The relationship for EVG as 

reported by SCA (1990) is: 
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where: 



 95

Q is the current liveweight (kg) divided by the standard reference weight (SRW) with 

the SRW as the value assigned to the type of animal used in this analysis (60 kg). 

R = adjustment for rate of gain or loss: 
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where: 

MEm is the amount of ME required by the animal for maintenance, and NEC is net 

energy available for gain. 
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Wool growth predictions 

Predictions of wool production in this analysis used the approach from GSM MIDAS 

(J.Young 2003, pers. comm.) where, because protein outflow from the rumen is a 

function of energy intake, energy is used as a surrogate for the method preferred by 

SCA (1990) of modelling wool production based on protein. With this approach wool 

growth rate (WGR), measured in g/head/day of clean fleece, is predicted by: 

  WGEff MEI WGR ×=  (4.27)

where: 

WGEff = 0.90, and represents the efficiency of wool growth in grams of clean wool 

produced per MJ of MEI (J.Young 2003, pers. comm.). 

 

Economic Model 

Wool and meat are the two products which are of concern in this economic analysis. 

These are the output variables from the animal production model and are transferred 

into wool and sheep sales for the purposes of economic analysis. Exogenous variables 

are used for the product prices and variable costs in this analysis. 

 

Income 

The input variable of clean fleece weight (kg/head) is multiplied by the stocking rate 

(DSE/ha) to give total wool production (kg/ha). This total wool production (TWP) 
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figure is then used to calculate the income from wool. Wool income (WI) is a function 

of TWP and wool price (WP): 

  WP TWP WI ×=  (4.28)

where: 

WP is subject to price sensitivity analysis with three different values; low, medium and 

high wool price. The corresponding prices in c/kg of clean fleece were 500, 800 

and 900 respectively. These prices were selected from long term Eastern Market 

Indicator prices (c/kg clean). 

 

In the case of income from sheep sales the shipper price (SP), which is the market for 

the selected class of animal in this analysis, is multiplied by the stocking rate (SR). 

Therefore sales income (SI) is: 

  SR SP SI ×=  (4.29)

where: 

SP is subject to price sensitivity analysis with three different values; low, medium and 

high shipper price. The corresponding prices in $/head were 20, 40 and 60. These 

prices were selected from long term Midland Sheep Prices for shippers ($/head). 

 

The total income (TI) is then the sum of the wool income and the sales income. 

However, after shearing when the sheep are sold replacements must be purchased. In 

this case the replacements are provided from within the farm and payment is made to 

another enterprise. The cost of replacements (CR) is then the cost of the transfer at 

market price (shipper price) minus fees, levies and commission (5%/head) and freight 

($3/head). An opportunity cost of 6% p.a. is also applied to the transfer costs because 

the animals could have been sold for profit. 

 

Variable costs 

Variable costs which are applicable to the production of wool and meat products from a 

wether flock were calculated for this economic analysis. The variable costs selected are 

from ‘Sheep gross margin: self replacing merino ewe flock (central South Coast)’ in a 

Department of Agriculture Western Australia publication called the Gross margin guide 

2003 Western Australia (Herbert and Moyes 2003). Only the costs relevant to a wether 

flock were included. An example of the variable cost calculations for lucerne pasture 

cell grazed is shown in Table 4.2. 
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Table 4.2: Example of variable costs (lucerne pasture cell grazed) for sheep gross 

margin- self replacing merino ewe flock (central South Coast) 
Pasture Management
Pasture Establishment and Removal 1 9% for av. 6 months

Pasture Type Purchase Opportunity $/ha $/ha
2 Lucerne 31.75 6.60 38.35

Total 38.35 1.73

Fertiliser kg/ha $/t
Super - carted and spread 150 240 36
Total 36 1.62

Sprays mL/ha $/L
Rogor 100 8.00 0.80
Pasture Manipulation 1000 7.00 7.00
Total 7.80 0.35

Repairs/fuel/water $ ha
Fences/water/yards Total expenditure on repairs and maintenance 5000 1000 5
Fuel/vehicle repairs Spraying, inspection, mustering, feed out @ 6
Total 11 0.50

Animal health Class Product $/head Times
Drench Adult Broard Spectrum 0.3 2 7.20
Jetting 0.4 1 4.80
Licicide Flock Backline 0.35 1 4.20
Total 16.21 0.73

Requisites Ave. bale weight (kg) kg/ha $/unit units/ha
Wool packs 170 42.2 15.00 0.25 3.72
Total 3.72 0.17

Shear/crutch/mark $/head
Shearing Contract 3.00 36.02
Crutching Contract 0.50 6.00 Crutching Only 0.27
Total 42.02

Feed supplements $/t kg/head kg/ha
Lupins 190 0 0 0
Oats 130 0 0 0
Total 0 0.00

Cell Grazing Equipment 2

Cell Grazing Purchase Opportunity Total 
Fencing costs for 1000ha 1 $483.49 $213.51 $697.01 0.70
Total 0.70 0.03

Total 5.39
Interest on working capita 5.39

Total Variable Costs 161.18
1 Amortised costs for pasture establishment and removal include the annualised cost of purchasing the investment including interest and the 
oppurtunity cost of owning the investment
2 Amortised costs for cell grazing equipment include the annualised cost of purchasing the equipment including interest and the oppurtunity 
cost of owning the equipment

Interest on Working Capital
Amortised Costs ($/ha)

Amortised Costs

 
 

Additional variable costs were required for this comparison of alternative grazing 

systems and pasture types. These additional variable costs included some extra costs 

associated with cell grazing systems and the cost of pasture establishment and removal 

for both annual and perennial pasture. Both of these additional variable costs were 

calculated as an annualised cost ($/ha). The amortisation calculation for both of these 

additional costs, in $/ha, is included in the variable costs table shown in Table 4.2. 
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Pasture establishment and removal 

Annualised pasture establishment and removal costs were calculated for both the annual 

and perennial pastures. Both pasture types were assumed to be in a four year pasture 

phase followed by a cropping phase, so the lifetime of the investment was four years 

with a salvage value of $0 and an opportunity cost of the money invested in that capital 

of 6% per annum. Chemical costs for the annual pasture were already included in the 

main variable cost calculations so only the additional chemical costs for lucerne were 

included. All of these costs came from the SCM MIDAS and are shown in Table 4.3. 

 

Table 4.3: Cost of pasture establishment and removal 
Annual Lucerne

Establishment Machinery 12 12
Seed 30 28
Chemicals 40
Total ($/ha) 42 80

Removal/ Manipulation Total ($/ha) 26 30
Total Cost $68 $110  

 

Extra costs of cell grazing systems 

Costs of special electric fencing equipment necessary for cell grazing systems were also 

calculated for this analysis. The necessary equipment included reels for holding and 

dispensing strip wire, special electric strip wire, tread in posts for holding wire in place 

and a mains power energiser to power the electric fence. The number of items required 

reflects the size of the paddocks and the length and number of fences to be erected.  

Using the findings of the case studies as a practical base it is assumed that: 

• Existing permanent paddock fences are used in conjunction with a front and back 

temporary electric fences to contain the stock in subdivided paddocks; 

• Existing water points are used; and 

• The lifetime of the equipment is 10 years with a salvage value of $0 and the 

opportunity cost of money invested in the equipment is 6% p.a. 

 

Technical information and cost per unit prices were supplied by the Western Australian 

sales supervisor for the fencing equipment company, Gallagher™ (C. Mosedale 2003, 

pers. comm.). Based on the findings from the case studies, extra labour time and costs 

could not be justified for more intensive grazing systems, provided they stayed within 
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the parameters of this analysis. Equipment requirements and costs are shown in Table 

4.4. 

 

Table 4.4: Cost of cell grazing equipment 
Number Cost/unit Cost

Maxi reels 12 91.44 1097
Turbo Braided wire 12 89.94 1079
Tread ins 200 5 1000
Energiser M500 (mains) 1 382 382

Total Cost $3,558.56  
 

Gross margin 

The endogenous variable for this analysis is the gross margin in $/ha for all the 

combinations of grazing systems and pasture types including the parameter sensitivity 

analysis. The gross margin is calculated by taking total income, minus the total cost of 

replacements, minus all of the variable costs for each run. So: 

 AVC VC  CR  TI  −−−=π  (4.30)

where: 

π is the total profit expressed as a gross margin in $/ha for each run; 

TI is the total income from products produced by the animal production model; 

CR is the cost of replacements for the sheep sold off shears; 

VC is the variable costs for the livestock enterprise in this analysis; and 

AVC is the additional variable costs for this analysis including costs of pasture 

establishment and removal and equipment costs for cell grazing systems. 

 

4.2 Choice of data for input into each module 

This section presents the data which was used in the Management System Level of the 

grazing systems simulation model. The assumptions which relate to Animal Production 

and the data used in the Land Management Unit Level economic analysis, have already 

been described in the ‘Choice and justification of the method/ model’ section of the 

‘Methodology and Data’ chapter. 
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4.2.1 Management system level 

In the Management System Level exogenous variables are required for both the grazing 

management systems and the pasture types which are represented in the grazing systems 

simulation model. 

Exogenous variables for the grazing management systems 

Exogenous variables were used for both the upper and lower threshold variables and the 

recovery period variables. Both of these data sets were arrived at using a combination of 

generalised quantitative information from the case studies and the biological pasture 

growth information from the Management System Level. The objective was to create a 

simple way to mimic the grazing management decisions made by farmers. The data, 

shown in Tables 4.5 and 4.6, was used to automate the process of making grazing 

management decisions rather than making a decision at each time step of the model. 

 

Effectively the lower limit sets the minimum amount of feed (dry matter kg per ha) that 

can be in a paddock before the sheep should be moved. The upper limit is used to check 

the amount of feed (dry matter kg per ha) in the next paddock to see if there is enough 

feed in the next paddock to move the sheep into. However, the grazing period (days) has 

the dominant influence and as soon as the grazing period is reached the sheep are 

moved. The upper limit counters the lower limit at times when there is little feed 

available and prevents the rotation from becoming too fast and compromising recovery 

periods (days). Grazing period is calculated from the recovery period as shown in 

equation 4.1. 

 

Table 4.5: Data set for upper and lower threshold (dry matter kg per ha) 

Month Lower limit Upper limit Lower limit Upper limit
January 1200 1500 190 1500
February 1200 1500 117 1500
March 1200 1500 1100 1500
April 1200 1500 1200 1500
May 500 733 500 733
June 536 800 536 800
July 600 1000 600 1000
August 650 1000 650 1000
September 750 1000 750 1000
October 800 1600 800 1600
November 1200 1500 555 1500
December 1200 1500 190 1500

Annual Pasture Lucerne Pasture
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Table 4.6: Data set for recovery period (days) 
Annual Lucerne

Month Continuous Rotational Grazing Cell Grazing Cell Grazing
January 0 45 182 213
February 0 45 182 213
March 0 45 182 152
April 0 30 182 152
May 0 30 30 30
June 0 45 45 45
July 0 20 30 30
August 0 20 15 15
September 0 10 15 15
October 0 15 15 15
November 0 45 182 15
December 0 45 182 213  
 

Exogenous variables for the pasture types  

Exogenous variables had to be used to describe the pasture growth and quality 

relationships in the Management System Level. Data was required for production of 

both the annual and lucerne-based pastures which would be suitable for representing the 

medium-high rainfall zone in the North Stirlings Pallinup sub region. In addition, an 

initial break-of-season level of dry matter had to be included in order to start pasture 

growth for the growing season. For the annual pasture this was 300 kg/ha of FOO and 

for the perennial pasture it was 400 kg/ha of FOO. The small difference represents the 

fact that the perennial pasture does not have to germinate at the break of season and can 

respond early to the opening rains. Additional data was required to describe the quality 

of these pastures in terms of digestibility and legume content for the animal intake and 

subsequent animal production functions. 

 

Annual pasture 

The primary source of data for the annual pasture growth functions was the GSM 

MIDAS which already had an existing data set for annual pasture growth and daily 

rotting (rm) which has been in use and tested over a number of years (Young 1995). This 

data set was adapted to suit the grazing system simulation model framework which has 

extra periods. 

 

In order to make the annual pasture growth data better suited to the sub region which is 

the focus of this study, the data from the GSM MIDAS was compared to and calibrated 

using field measurements taken from a site near Tunney to the west of the study area. 
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The Tunney measurements were taken over four years by the Department of Agriculture 

Western Australia (Newton 2000). Additional unpublished data were supplied by 

technical officer T. Plaisted (2003, pers. comm.), who collected data from the Tunney 

site, which was used in the Newton (2000) publication. The Tunney site was the closest 

to the sub region which this analysis focuses on, out of all the sites quantified in this 

publication. This data provides information about the productivity of an annual pasture 

sward which is being grazed. Table 4.7 shows the data set used to provide the 

coordinates for annual pasture production in this analysis (FOOg, FOOh, PGRg and 

PGRh – see figure 4.4). Data for outside of the growing season is shown in italics. 

 

Table 4.7: Data set for annual pasture production 

Month FOOg FOOh PGRg PGRh Daily rotting (rm)

January 0.50%
February 0.50%
March 0.50%
April 0.07%

May 300 733 15 25 0.10%
June 536 1071 12 17 0.17%
July 600 1100 20 30 0.20%
August 650 1300 32 43 0.27%
September 750 1500 71 86 0.33%
October 800 1600 10 20 0.50%

November 0.50%
December 0.50%

(DM kg/ha) (DM kg/ha/day)

 
 

Lucerne pasture 

Unpublished data produced by the Agricultural Production Systems Simulator (APSIM) 

was used to provide data for the average production of an established lucerne stand over 

the summer period. APSIM provides lucerne production data on a 6 weekly basis for a 

pure lucerne stand. In the simulation, lucerne is sown at a time dependant on the 

opening rains for the season. On average the lucerne was sown on the 29th May with the 

first harvest (grazing) in November. The lucerne is grown for 3 years and is harvested 

(grazed) every 6 weeks from November until it is removed in April of the fourth year 

(P. Dolling 2003, pers. comm.). 

 

The simulation can be performed for a range of locations provided there is a relevant 

weather data set and soil characterisation. The weather data set used to provide the 
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lucerne production data for this analysis is the mean of 54 years from 1957 to 2001. The 

data is based on a duplex soil site at Borden, in the North Stirlings Pallinup sub region, 

with an annual average rainfall of approximately 400 mm. Effectively, the data from 

APSIM provides information about the productivity of a lucerne stand that is being 

grazed. This data produces an R2 of 0.66 (P. Dolling 2003, pers. comm.). 

 

The data from APSIM was for a pure stand of lucerne and there is no data available 

from APSIM for annual pasture production (P. Dolling 2003, pers. comm.). This meant 

that the APSIM data alone was not completely satisfactory in order to represent a mixed 

annual/lucerne pasture sward. As a result the lucerne data set for this analysis uses the 

annual pasture production data set for the winter, growing season production and the 

APSIM data for the summer component of the year’s production. The daily rotting (rm) 

values in the lucerne pasture production data set are the same as the annual pasture 

production data set. Table 4.8 shows the data set used to provide the coordinates for 

lucerne pasture production in this analysis (FOOg, FOOh, PGRg and PGRh – see figure 

4.4). The summer component of pasture production is shown in italics. 

 

Table 4.8: Data set for lucerne pasture production 

Month FOOg FOOh PGRg PGRh Daily rotting (rm)

January 190 379 5 8 0.50%
February 117 234 3 5 0.50%
March 104 208 3 4 0.50%
April 143 287 4 6 0.07%

May 300 600 15 25 0.10%
June 536 1071 12 17 0.17%
July 600 1100 20 30 0.20%
August 650 1300 32 43 0.27%
September 750 1500 71 86 0.33%
October 800 1600 10 20 0.50%

November 555 1110 16 24 0.50%
December 190 379 5 8 0.50%

(DM kg/ha) (DM kg/ha/day)

 
 

Pasture quality 

Data for the quality of the annual and lucerne pasture production was also sourced from 

the GSM MIDAS. The data is used for both animal intake functions and functions in the 

animal production model. Again this data was adapted to suit the framework for this 

grazing systems simulation model which has extra periods. The legume content of both 
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the annual sub-clover-based pasture and the lucerne-based pasture is 30%. The monthly 

digestibility of both pasture types over the year is shown in Table 4.9. Data for outside 

of the growing season is shown in italics. 

 

Table 4.9: Monthly feed digestibility for annual and lucerne-based pasture 

Annual Lucerne
Month DDM% DDM%
January 0.54 0.54
February 0.52 0.52
March 0.50 0.60
April 0.50 0.60

May 0.80 0.80
June 0.80 0.80
July 0.80 0.80
August 0.80 0.80
September 0.80 0.80
October 0.76 0.76

November 0.68 0.68
December 0.60 0.60  
 

4.3 Results scenarios 

The construction of this grazing systems simulation model and the data available for 

this task has led to three distinct results scenarios to analyse these include: 

1. A baseline analysis; 

2. A set of single-parameter sensitivity analyses; and 

3. A multiple-parameter sensitivity analysis. 

 

4.3.1 Baseline analysis 

The first result scenario is the baseline analysis which uses only the currently available 

knowledge. This allows the basic model to be constructed with data which is reliable, is 

relevant to the study area and can be used in a rigorous manner. This rigorous baseline 

scenario creates a sound basis with which to perform further sensitivity analyses of 

other factors. Due to a lack of relevant, reliable data these factors could not be included 

in the baseline runs and still maintain the same level of rigor. In the baseline analysis all 

of the additional parameters are set to the 0% baseline value. 
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4.3.2 Individual parameter sensitivity analysis 

The review of the scientific literature has identified several factors additional to the 

baseline analysis which could have an impact on the relative performance of the 

alternative grazing systems and pasture types. The second results scenario is designed to 

test the relative importance of these additional factors using a set of individual-

parameter sensitivity analyses. Four additional parameters were set up for this section. 

Three of these additional parameters relate to complexities not represented by the plant 

growth model (persistence, water soluble carbohydrates and increased losses) the other 

relates to complexity not represented by the animal intake functions (spatial 

heterogeneity of grazing). A range of values is tested for each parameter. The 

justification of, and representation of, these additional parameters, was discussed in the 

‘Choice and justification of the method/ model’ section of this chapter. 

4.3.3 Multiple parameter sensitivity analysis 

The third scenario analyses the effect that combinations of the additional parameters 

have on the relative performance of the alternative grazing systems and pasture types. 

The parameter representing spatial heterogeneity of grazing was omitted from this 

analysis because it could not be modelled for all of the grazing systems. To reduce the 

size of the analysis from 384 model calculations to 162 calculations this analysis was 

performed using only the baseline, low and high parameter values for the water soluble 

carbohydrates, persistence and increased losses parameters. As the moderate parameter 

values would have produced the same ranking in the table as the low parameter values, 

this decision does not detract from the analysis, while it reduces the size by 58%. 

 

There were three stages to this multiple-parameter sensitivity analysis. Firstly the model 

was run with all the possible combinations of parameter values and the data was 

collected in a table. Secondly another table was used to rank the grazing systems and 

pasture types from one to six based on the gross margin ($/ha). This ranking was done 

for each combination of parameter values. Thirdly the grazing system and pasture type 

with the highest ranking gross margin was selected from this analysis to demonstrate 

how the different combinations of parameters change the most profitable systems. 

 

The next chapter presents and discusses results from these various analyses. 
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5. Results and Discussion 

 

The different results scenarios and the purposes of performing them were outlined in the 

previous chapter. In this chapter the results of this analysis of grazing systems and 

pasture types is presented and discussed in relation to the research objective. In order to 

assist the understanding of the results tables, Table 5.1 shows the results legend which 

includes the notation used in the results tables. 

 

Table 5.1: Results legend 
Results scenarios Notation Grazing System and Pasture Type
Baseline APC Annual Pasture Continuously Grazed

APR Annual Pasture Rotationally Grazed
APCG Annual Pasture Cell Grazed
LPC Lucerne Pasture Continuously Grazed
LPR Lucerne Pasture Rotationally Grazed

LPCG Lucerne Pasture Cell Grazed
Parameters Notation Meaning Parameter value
Persistance B Baseline No change

SPD Small Persistance Decrease 10%
MPD Moderate Persistance Decrease 20%
HPD High Persistance Decrease 30%

Heterogeneity B Baseline No change
MH Mild Heterogeneity 40%, 20%, 20%, 20%
IH Intermediate Heterogeneity 50%, 30%, 10%, 10%
SH Severe Heterogeneity 70%, 20%, 5%, 5%

Water soluble carbohydrates B Baseline No change
SIP Small Increase in Productivity 10%
MIP Moderate Increase in Productivity 20%
LIP Large Increase in Productivity 30%

Increased losses B Baseline No change
SIL Small Increase in Losses 10%
MIL Moderate Increase in Losses 20%
LIL Large Increase in Losses 30%  

 

5.1 Baseline analysis 

The baseline analysis represents the basic model of alternative grazing systems and 

pasture types. This basic model includes all of the data which was considered reliable 

and relevant to the study area and could be used in a rigorous manner. This provides a 

benchmark for further analysis of alternative grazing systems and pasture types. 

 

With this basic analysis the most profitable alternative is lucerne pasture continuously 

grazed. This is depicted with the bolded text in Table 5.2. However this is only 

marginally more profitable that the rotational (+$0.09/ha) and cell grazed (+$6.46/ha) 
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systems (at the medium wool price). The difference between grazing systems in the 

annual pasture is also small, with the largest difference being only $1.57/ha (at the 

medium wool price). The most profitable annual pasture treatment is much less 

profitable than the least profitable lucerne pasture treatment (-$110.49/ha) (at the 

medium wool price). 

 

Table 5.2: Baseline results- gross margin $/ha 

APC APR APCG LPC LPR LPCG
DSE/ha 7.07 7.08 7.02 12.02 12.05 12.01

Wool Price Wool low $24.44 $24.21 $23.23 $86.53 $86.45 $82.26
Wool medium $98.32 $97.95 $96.75 $215.27 $215.18 $208.81
Wool high $122.95 $122.54 $121.26 $258.19 $258.09 $251.00

Grazing System and Pasture Type

 
 

These results provide good evidence that perennial pastures such as lucerne can increase 

profitability relative to traditional annual pastures in suitable areas of the south west of 

Western Australia. The basic analysis does not show any benefit from rotational type 

grazing systems and when the production figures are analysed it can be seen that the 

average plant growth rate is exactly the same for all the grazing systems. However, this 

analysis does show that at the very least there is only a marginal loss in profitability 

from adopting the more intensive cell grazing system. Note that the benefits of timing 

grazing and recovery periods according to plant growth rate are not represented in this 

basic model. This suggests that if there is any further evidence of increased productivity 

or efficiency of rotational type grazing systems they could easily become more 

profitable than the traditional continuous grazing system. 

 

5.2 Individual parameter sensitivity analysis 

This section provides some individual sensitivity analyses of additional factors which 

were left out of the baseline analysis because reliable data which is relevant to the study 

area is not available at this stage. These additional factors were identified in the 

literature review and provide some further evidence of increased productivity and 

efficiency of rotational type grazing systems. These additional parameters were 

represented in the most rigorous way possible. However, because the value of the 

parameters is not currently known, sensitivity analysis was performed on them. 
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The result of this sensitivity analysis is shown in Table 5.3 with the bolded text showing 

the most profitable alternative for each level of each parameter value. Table 5.1 shows 

the notation used in Table 5.3. Again lucerne has the top three most profitable grazing 

systems. In this analysis, the most profitable grazing system changes from the most 

profitable alternative in the baseline analysis for all of the additional parameters tested 

in this analysis. 

 

Table 5.3: Individual parameter sensitivity analysis- gross margin $/ha for medium 

wool price 

Parameter Level APC APR APCG LPC LPR LPCG
Baseline B $98.32 $97.95 $96.75 $215.27 $215.18 $208.81
Persistence SPD $98.32 $97.95 $96.75 $204.25 $215.18 $208.81

MPD $98.32 $97.95 $96.75 $192.97 $215.18 $208.81
HPD $98.32 $97.95 $96.75 $181.41 $215.18 $208.81

Heterogeneity MH $67.37 NAa $96.75 $141.47 NAa $208.81
IH $36.93 NAa $96.75 $90.97 NAa $208.81
SH $2.23 NAa $96.75 $33.87 NAa $208.81

Water soluble carbohydrates SIP $98.32 $97.95 $128.83 $215.27 $215.18 $251.41
MIP $98.32 $97.95 $160.68 $215.27 $215.18 $293.27
LIP $98.32 $97.95 $192.76 $215.27 $215.18 $335.48

Increased losses SIL $78.44 $78.05 $96.75 $200.11 $199.82 $208.81
MIL $57.98 $57.59 $96.75 $184.38 $183.46 $208.81
LIL $37.01 $36.67 $96.75 $167.98 $166.54 $208.81

a Not applicable: Rotational grazing system is not set up with heterogeneous grazing parameters. 

Grazing System and Pasture Type

 
 

Where the persistence parameter is tested, the rotational and cell grazing systems 

become more profitable than the continuous grazing system. The profit advantage of 

rotational grazing over continuous grazing ranges from $10.93/ha to $33.77/ha for the 

small and high persistence decreases of the perennial pasture under continuous grazing. 

 

The persistence parameter demonstrates that a decrease in the persistence of perennial 

pasture under continuous grazing will reduce the profitability of that alternative. It is 

important to note that the magnitude of the reduction in profitability would increase in 

years where there is a high level of summer rainfall relative to the average year depicted 

in this analysis. That is to say that the opportunity for increased profit of rotational type 

grazing systems relative to continuous grazing in these years would be diminished. 

 

Where the heterogeneity parameter is tested, the cell grazing system becomes much 

more profitable than the continuous grazing system (rotational grazing systems were not 

set up with this parameter). The profit advantage of cell grazing over continuous grazing 
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ranges from $67.34/ha to $174.94/ha for the mild and severe heterogeneity parameter 

values under continuous grazing. 

 

The heterogeneity parameter demonstrates considerable opportunities for increased 

profit under cell grazing systems relative to continuous grazing due to a reduction in the 

“patchiness” which occurs when livestock graze at low stocking densities. However, 

further research would be required in order to better represent and quantify this 

phenomenon. 

 

Where the water soluble carbohydrates parameter is tested, the cell grazing system 

becomes much more profitable than the continuous and rotational grazing systems. The 

profit advantage of cell grazing over continuous grazing ranges from $36.14/ha to 

$120.21/ha for the small and large productivity increases of the pasture under cell 

grazing. 

 

The water soluble carbohydrates parameter demonstrates opportunities for increased 

profit under cell grazing systems relative to rotational and continuous grazing systems 

due to improved timing of grazing and recovery periods relative to plant growth rates. 

The rotational and continuous grazing systems are not able to adequately time grazing 

and recovery periods and as such are not able to achieve increases in productivity. 

 

Where the increased losses parameter is tested, the cell grazing system becomes more 

profitable than the continuous and rotational grazing systems. The profit advantage of 

cell grazing over continuous grazing ranges from $8.70/ha to $40.83/ha for the small 

and large increase in losses under continuous grazing. 

 

The increased losses parameter demonstrates opportunities for increased profit under 

cell grazing systems due to greater efficiency of grazing under high stocking densities. 

It is not clear, with the information available at present, whether the moderate stocking 

densities experienced under rotational grazing would be more efficient than the low 

stocking densities of the continuous grazing system. As a result rotational and 

continuous grazing systems are subject to the same parameter value sensitivity analysis. 

 

Each parameter value on its own contributes to a change in the relative profitability of 

the alternative grazing systems. The largest change in profitability comes from the 
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heterogeneity parameter followed by water soluble carbohydrates, with increased losses 

and persistence having similar magnitudes. This set of individual-parameter sensitivity 

analyses demonstrates that the individual parameters, even at the lowest parameter 

value, are significant enough to change the ranking of the alternative grazing systems 

from the results shown in the baseline analysis. This demonstrates that further 

divergence of profitability could result if the full effect of combinations of these 

parameters were introduced into the analysis. That is if the benefits of cell grazing, to 

increase the persistence of perennial pasture, reduce the spatial heterogeneity of grazing, 

increase the productivity of the pasture and reduce the amount of pasture lost from the 

system, were included together in an analysis, the profit advantage of cell grazing over 

rotational and continuous grazing would be greater. 

 

5.3 Multiple-parameter sensitivity analysis 

This section of the analysis provides some insight into the full effect which 

combinations of the additional parameters have on the relative performance of 

alternative grazing systems and pasture types. The results of this analysis are shown in 

Table 5.4 where only the highest ranking grazing system and pasture type is shown in 

the table. This analysis begins with the baseline run in the top left hand corner which 

shows lucerne pasture continuously grazed to be the most profitable alternative. 

However, as soon as a small level of persistence decrease is introduced this result 

changes to a rotational type grazing system. Where even a small level of increased 

losses or increase in productivity occurs, lucerne pasture cell grazed becomes the most 

profitable alternative. 

 

Table 5.4: Multiple-parameter sensitivity analysisa- highest gross margin rankings  

Increased losses Persistence B SIP LIP
B B LPC LPCG LPCG
B SPD LPR LPCG LPCG
B HPD LPR LPCG LPCG

SIL B LPCG LPCG LPCG
SIL SPD LPCG LPCG LPCG
SIL HPD LPCG LPCG LPCG
LIL B LPCG LPCG LPCG
LIL SPD LPCG LPCG LPCG
LIL HPD LPCG LPCG LPCG

a Except heterogeneity because it was not set up for all grazing systems.

Water soluble carbohydrates
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To supplement the highest gross margin rankings shown in Table 5.4 the gross margin 

($/ha) results, based on the medium wool price, of this analysis are shown in Table 5.5. 

In this table the highest gross margin for each combination of parameters and parameter 

values is shown in bolded text. This table shows the magnitude of the relative difference 

between alternative grazing systems and pasture types. For example at the lowest level 

of increased losses, persistence decrease and water soluble carbohydrates the most 

profitable alternative is lucerne pasture cell grazed. This alternative is $51.59/ha more 

profitable than lucerne pasture rotationally grazed and $62.89/ha more profitable than 

the lucerne pasture continuously grazed. 
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Table 5.5: Multiple-parameter sensitivity analysisa- gross margin $/ha for medium wool price  
Parameter Increased losses Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline

Persistance decrease Baseline Baseline Baseline Small Small Small High High High
Water soluble carbohydrates Baseline Small Large Baseline Small Large Baseline Small Large

System APC $98.32 $98.32 $98.32 $98.32 $98.32 $98.32 $98.32 $98.32 $98.32
APR $97.95 $97.95 $97.95 $97.95 $97.95 $97.95 $97.95 $97.95 $97.95
APCG $96.75 $128.83 $192.76 $96.75 $128.83 $192.76 $96.75 $128.83 $192.76
LPC $215.27 $215.27 $215.27 $204.25 $204.25 $204.25 $181.41 $181.41 $181.41
LPR $215.18 $215.18 $215.18 $215.18 $215.18 $215.18 $215.18 $215.18 $215.18
LPCG $208.81 $251.41 $335.48 $208.81 $251.41 $335.48 $208.81 $251.41 $335.48

Parameter Increased losses Small Small Small Small Small Small Small Small Small
Persistance decrease Baseline Baseline Baseline Small Small Small High High High
Water soluble carbohydrates Baseline Small Large Baseline Small Large Baseline Small Large

System APC $78.44 $78.44 $78.44 $78.44 $78.44 $78.44 $78.44 $78.44 $78.44
APR $78.05 $78.05 $78.05 $78.05 $78.05 $78.05 $78.05 $78.05 $78.05
APCG $96.75 $128.83 $192.76 $96.75 $128.83 $192.76 $96.75 $128.83 $192.76
LPC $200.11 $200.11 $200.11 $188.53 $188.53 $188.53 $164.19 $164.19 $164.19
LPR $199.82 $199.82 $199.82 $199.82 $199.82 $199.82 $199.82 $199.82 $199.82
LPCG $208.81 $251.41 $335.48 $208.81 $251.41 $335.48 $208.81 $251.41 $335.48

Parameter Increased losses Large Large Large Large Large Large Large Large Large
Persistance decrease Baseline Baseline Baseline Small Small Small High High High
Water soluble carbohydrates Baseline Small Large Baseline Small Large Baseline Small Large

System APC $37.01 $37.01 $37.01 $37.01 $37.01 $37.01 $37.01 $37.01 $37.01
APR $36.67 $36.67 $36.67 $36.67 $36.67 $36.67 $36.67 $36.67 $36.67
APCG $96.75 $128.83 $192.76 $96.75 $128.83 $192.76 $96.75 $128.83 $192.76
LPC $167.98 $167.98 $167.98 $154.89 $154.89 $154.89 $127.46 $127.46 $127.46
LPR $166.54 $166.54 $166.54 $166.54 $166.54 $166.54 $166.54 $166.54 $166.54
LPCG $208.81 $251.41 $335.48 $208.81 $251.41 $335.48 $208.81 $251.41 $335.48

a Except heterogeneity because it was not set up for all grazing systems.  
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The results shown so far indicate that the most profitable alternative is always a 

perennial-lucerne-based pasture type. In the baseline and parameter sensitivity analysis 

the top three most profitable alternative grazing systems always had lucerne based 

pasture. Table 5.6 shows the parameter combinations as a gross margin ranking from 

one to six; one being the highest and six being the lowest. This analysis is included to 

highlight some notable exceptions to lucerne always being in the top three of most 

profitable alternatives. These exceptions are shown in bolded text in Table 5.6, 

highlighting combinations of parameters and parameter values which would make an 

annual pasture based grazing system more profitable than one or two of the lucerne 

based grazing systems. For example, annuals are more profitable when the following 

parameter combinations and parameter values are analysed: 

• A small increase in productivity due to an increase in water soluble carbohydrates; 

• A high persistence decrease of the lucerne pasture under continuous grazing; and 

• A large increase in losses due to livestock grazing at a low stocking density. 

The annual pasture cell grazed alternative is more profitable than the lucerne pasture 

continuously grazed alternative. This demonstrates that it is the right combination of 

pasture type and grazing system which yields the best results. 

 

 



 114 

Table 5.6: Multiple-parameter sensitivity analysisa- gross margin ranking (1-6)b 
Parameter Increased losses Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline

Persistance decrease Baseline Baseline Baseline Small Small Small High High High
Water soluble carbohydrates Baseline Small Large Baseline Small Large Baseline Small Large

System APC 4 5 5 4 5 5 4 5 5
APR 5 6 6 5 6 6 5 6 6
APCG 6 4 4 6 4 4 6 4 3
LPC 1 2 2 3 3 3 3 3 4
LPR 2 3 3 1 2 2 1 2 2
LPCG 3 1 1 2 1 1 2 1 1

Parameter Increased losses Small Small Small Small Small Small Small Small Small
Persistance decrease Baseline Baseline Baseline Small Small Small High High High
Water soluble carbohydrates Baseline Small Large Baseline Small Large Baseline Small Large

System APC 5 5 5 5 5 5 5 5 5
APR 6 6 6 6 6 6 6 6 6
APCG 4 4 4 4 4 3 4 4 3
LPC 2 2 2 3 3 4 3 3 4
LPR 3 3 3 2 2 2 2 2 2
LPCG 1 1 1 1 1 1 1 1 1

Parameter Increased losses Large Large Large Large Large Large Large Large Large
Persistance decrease Baseline Baseline Baseline Small Small Small High High High
Water soluble carbohydrates Baseline Small Large Baseline Small Large Baseline Small Large

System APC 5 5 5 5 5 5 5 5 5
APR 6 6 6 6 6 6 6 6 6
APCG 4 4 2 4 4 2 4 3 2
LPC 2 2 3 3 3 4 3 4 4
LPR 3 3 4 2 2 3 2 2 3
LPCG 1 1 1 1 1 1 1 1 1

a Except heterogeneity because it was not set up for all grazing systems.
b 1= best, 6= worst  
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The results presented thus far showing the benefits of more intensive grazing systems, 

such as cell grazing, can be seen to be consistent with the findings of the case studies. 

The fact that the case study farmers had made it a priority, or were investing in 

infrastructure, to further intensify their grazing management indicates that they 

perceived that they would get a good return on their investment. In other words they felt 

that more intensive grazing management would increase the profitability of their 

grazing enterprise. The more robust, multiple-parameter sensitivity analysis of this 

study supports this perception and should be of interest to other farmers wanting to 

increase the profitability of their grazing operation. 

 

The additional parameters used in this analysis while based on the current scientific 

literature were supported by the findings of the case studies. The similarities and 

differences between this scientific information and the perception of the case study 

farmers are particularly interesting in light of the three different results scenarios. 

 

A common perception expressed in the case studies, was that continuous grazing would 

be detrimental to efforts to establish and allow perennial pastures to persist. In cases 

where the case study farmers had continuously grazed perennial pastures in the past, it 

had resulted in complete failure of the perennial component of the sward. This insight is 

supported in the literature where, in the case of lucerne, continuous grazing is likely to 

lead to rapid stand decline (Lodge 1991). As this factor was not included in the baseline 

analysis of this study, the validity of a profitable result for continuously grazed lucerne 

must be questioned. It is also likely that even the highest parameter value (30%) for 

persistence decrease in lucerne pasture continuously grazing would not adequately 

represent the greatly reduced summer production of a stand which had experienced a 

‘rapid decline’, not to mention the lost opportunity to capitalise on summer rainfall 

events. This means that the results reported in the individual parameter sensitivity 

analysis, where the persistence parameter was tested, might overestimate the 

profitability of a continuously grazed lucerne stand. Further research would obviously 

be required to quantify the loss in production experienced by a lucerne pasture which is 

continuously grazed. 

 

One insight gained from the case studies is that rotational grazing results in more even 

spatial utilisation of the pasture particularly in cases where grazing management was 

more intensive (see Figure 3.2). This observation is supported in the literature where 
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rotational grazing has been shown to reduce the detrimental effects of patch grazing 

(e.g. Teague and Dowhower 2003). At this stage it is not clear what level of spatially 

heterogeneous grazing should be assigned to continuous grazing systems, or what the 

difference between simple and more intensive rotational grazing systems might be. This 

research does however provide a framework to examine the detrimental effects of 

spatially heterogenous grazing. Certainly the individual parameter sensitivity analysis 

demonstrates that spatially heterogenous grazing could result in a large reduction in the 

profitability of grazing operations. In the event that better information becomes 

available farmers could reap substantial benefits by adopting alternative grazing 

management practices, such as cell grazing. Thus, using rotational type grazing systems 

to solve problems that arise as a result of poor animal distribution under continuous 

grazing systems is emerging as an important area that warrants further research. 

 

The perception that adequately timing grazing and recovery periods to match pasture 

growth rates would lead to increased productivity of both annual and perennial pastures 

came through strongly in the case studies. While this perception is certainly supported 

in the literature (e.g. Fulkerson and Donaghy 2001; Fulkerson and Slack 2003) it is not 

possible for the farmers to separate the effect of extra production from the effect of 

improvements to pasture utilisation as a result of more intensive grazing management. 

While the end result may well be an increase in stocking rate and profitability it must be 

remembered that we are dealing with a spatiotemporal relationship where the effects of 

grazing within space and time must be given more careful consideration. The water 

soluble carbohydrates parameter had a marked effect on profitability of grazing 

operations in both the individual and multiple-parameter analyses. It should be noted 

that, the case study farmers perceived that adequate timing of grazing and recovery 

periods was linked to increased persistence of perennial pastures, and that this insight is 

also supported by the scientific literature (e.g. Fulkerson and Donaghy 2001; Fulkerson 

and Slack 2003). 

 

While farmers can not readily measure the loss of pasture from the system, as even 

scientists find it difficult to quantify, it was perceived by farmers that higher stocking 

densities would result in increased utilisation of their pasture resource. While there is 

some evidence in the literature that the efficiency of harvesting can be increased at 

higher stocking densities (e.g. Allison, Kothmann and Rittenhouse 1982; Saul and 

Chapman 2002) further research is necessary to quantify this factor across alternative 
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grazing systems. The increased losses parameter in both the individual and multiple-

parameter sensitivity analyses, demonstrated that a reduction in the efficiency of 

harvesting as a result of livestock grazing at low stocking densities under continuous 

and simple rotational grazing systems, has an impact on the profitability of grazing 

operations. Further research could determine, if there is any difference in the efficiency 

of harvesting between continuous and rotational grazing systems, and quantify the 

magnitude of these losses, relative to more intensive cell grazing systems. 

 

To date the bulk of the scientific literature has reported that there is little to be gained 

from rotational type grazing systems and the baseline analysis of this study is consistent 

with this finding. However with an improved conceptual understanding we can see that 

this conclusion ignores certain realities and does not explain the divergence between 

theory (scientific research) and practice (the perception of farmers on several 

continents) reported by some investigators (e.g. Norton 1998; McCosker 2000). By 

identifying factors that had not previously been included in experimental and modelling 

comparisons of alternative grazing systems and pasture types, and using them in a 

sensitivity analysis, the gap between science and practice can be bridged, allowing for 

an improved understanding and opportunity for further research in this area. 

 

5.4 Conclusion 

The baseline analysis demonstrates that, at the very least, rotational and intensive 

rotational grazing systems, such as cell grazing, will not cost very much. However, this 

baseline analysis ignores certain realities about alternative grazing systems and when 

these realities are included in the analysis a different picture emerges. Intensive 

rotational grazing systems, such as cell grazing, have the potential to substantially 

increase the profitability of livestock grazing both annual and perennial pastures. 

 

For most of the scenarios analysed lucerne-based pasture is more profitable than sub-

clover-based pasture. However, there are situations where if lucerne is continuously 

grazed it is less profitable than an annual pasture cell grazed. This should figure in our 

thinking when we consider how we should graze perennial pasture. 

 

The results over a wider range of parameter combinations provide confidence that 

alternative grazing systems such as cell grazing are at least as profitable as traditional 
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annual pasture systems in the region. Productivity and profitability can be increased 

when suitable perennial pasture species, such as lucerne, are introduced into the farming 

system. There is also potential for significant increases in productivity and profitability 

under cell grazing systems for both annual and perennial pastures. This finding is 

consistent with the findings of the case studies and helps to bridge the gap which has 

existed between science and practice in this area of research. 



 119

6. Conclusion 

 

6.1 Summary of key findings 

The objective of this study was to make comparisons of alternative grazing systems and 

pasture types. The baseline analysis shows that continuous grazing with perennial 

pastures is the most profitable enterprise, although cell grazing would not result in any 

significant reduction of profitability. However, based on the findings of the case studies 

and some currently available scientific literature this conclusion may not be realistic. By 

combining this practical and scientific information to vary some parameters this 

research demonstrates that the more robust solution in terms of enterprise profitability is 

cell grazing with perennial pastures. This increase in profitability is the result of 

increases in the efficiency and productivity of grazing, under more intensive rotational 

grazing management. The potential increases in profit under cell grazing systems is 

substantial and could allow farmers to profitably increase the area of land they plant to 

perennial pastures such as lucerne. This is encouraging due to the implications for water 

uptake and salinity control. It means that economics and landcare can go hand in hand 

rather than be competitive. It is notable that it is the choice of the grazing system in 

combination with the pasture species, rather than the pasture species alone, that allows 

for such complementarity between economics and sustainable land use. 

 

6.2 Implications for farming and land management 

This research shows that contemporary efforts to profitably perennialise the landscape 

in southern Australia must also consider changes to grazing management practices if 

they are to be successful. While simple set-stocking systems may currently be attractive 

they would limit the species of perennial pastures which would persist in our dry 

summer environments. By adopting alternative grazing systems, such as cell grazing, 

farmers may be able to increase the area that they can profitably plant to perennial 

pastures, thus helping them to achieve greater control of dryland salinity. Figure 4.2 

shows conceptually the implications of this research for sustainable land use. 

 



 120

6.3 Avenues for further research 

Several avenues for further research have been identified. These include the need for 

research into plant-based management of dryland salinity, the need to quantify some of 

the additional complexities that relate to alternative grazing systems and pasture types 

and the need for further economic analysis of these options. Although beyond the scope 

of this work, the elements are there to quantify the value of such research and thereby 

provide indications for further research funding. 

 

Further insights into the benefits of alternative grazing systems and perennial pastures 

could be generated by using the model in an action research setting. This would involve 

researchers discussing the modelling processes and outcomes with farmers who have 

adopted the innovations. It would provide the researchers with a greater understanding 

of the changes that the farmers have made as well as helping the farmers to understand 

the challenges faced by research workers in this field. 

 

6.3.1 Pant-based management of dryland salinity 

New or improved perennial pasture species 

One key research activity for biological research in the south west of Western Australia 

involves finding suitable perennial pasture species for this environment. While lucerne 

is suited to the region studied in this thesis, at present the number of species is severely 

limited and considerable effort must be expended in order to find some alternatives. 

While this effort is not certain to succeed, as Bathgate and Pannell (2002) put it, 

‘without it we seem certain to fail to prevent serious future salinity problems.’ In 

addition these researchers pointed out that given the critical importance of this area of 

research ‘it has been, and continues to be, grossly under-funded.’ 

 

Animal production concerns 

The challenge of finding suitable perennial pasture species for this environment must 

also include animal production concerns. In particular the feed value of existing and 

new perennial pasture species must be quantified in order to better predict the impact on 

livestock production. In the absence of adequate information the benefits of perennial 

pastures to livestock production could be underestimated. 
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Water use of alternative pasture types 

The water use of new or existing perennial pasture species must be studied in order to 

determine the contribution they will make to recharge control. This would provide 

essential information which would assist farmers with their efforts to manage dryland 

salinity. 

 

6.3.2 Complexities related to alternative grazing systems and 
pasture types 

One common future research requirement of the parameters analysed in this thesis is the 

need for research to better quantify their magnitudes, so that subsequent modelling of 

this type can use that data. This would provide new benchmarks for alternative grazing 

systems and pasture types so that farmers could make more informed decisions. This 

would also allow for the findings to be confidently included in whole farm analysis or to 

examine the impact of alternative grazing systems and pasture types on water use. 

 

Persistence of perennial pastures 

The application of grazing management to increase the persistence of suitable perennial 

pasture species is an important area of research that has not received enough attention. 

While the results indicated that there was not a huge decrease in profitability as a result 

of declining persistence it is important to note that the parameter sensitivity analysis did 

not show the lost opportunity to capitalise on summer rainfall. The ‘new opportunities 

for livestock production’ were one benefit of perennial pastures that came through in the 

collective case study. If perenniality had been compromised by poor grazing 

management practices these farmers would not have been able to capitalise on this 

opportunity. 

 

Spatial heterogeneity of grazing 

The results of the parameter sensitivity analysis indicate that the spatial heterogeneity of 

grazing is an important factor which impacts on the profitability of grazing operations. 

Further research in this field would be necessary in order to determine the nature and 

implications of both landscape and feeding station level patch grazing. The application 
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of rotational type grazing management practices to reduce the severity and impact of the 

spatially heterogenous grazing should be investigated further. Investigation into the 

phenomenon could yield useful information for sustainable increases in livestock 

production. 

 

Water soluble carbohydrates 

The results of the parameter sensitivity analysis demonstrated that considerable gains in 

profitability could be achieved if grazing and recovery periods are timed effectively to 

match the pasture growth rates and animal nutritional requirements. Further research 

could help to develop some practical guidelines for farmers to assist them to effectively 

time grazing and recovery periods for different production systems. 

 

Increased losses due to livestock grazing at low stocking densities 

The results of the parameter sensitivity analysis showed that if livestock grazing at low 

stocking densities increases the amount of pasture lost from the system significant 

losses in profit would result. The timing within the season and magnitude of pasture lost 

from the system would have to be examined further in order to determine the full impact 

on profitability. This information could be used by farmers to design tactical (such as 

grazing strips within paddocks in spring) and strategic (such as cell grazing larger mobs 

in subdivided paddocks) approaches to grazing management which suit their operation. 

 

Complex interactions 

The complexities identified in this thesis would undoubtedly interact and the impact of 

these complex interactions must be considered. Spatial heterogeneity of grazing could 

result in further increases in the amount of pasture lost from the system as rotting of 

high herbage mass ungrazed patches increases. Spatial heterogeneity of grazing would 

also impact on the persistence and productivity of perennial pasture as livestock 

selectively graze plants. In particular livestock would repeatedly select green plants at 

times when green feed is scarce (e.g. summer). Effectively this could reduce the 

recovery period for plants under continuous and rotational grazing systems. This would 

impact on the water soluble carbohydrate status of plants in the affected patches thus 

reducing their productivity and persistence. 
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6.3.3 Economic analysis 

Whole farm economic analysis of alternative grazing systems and pasture types would 

be necessary to determine the impact alternative grazing systems and pasture types have 

on whole farm profit. It should be noted that currently available whole farm analytical 

tools such as the MIDAS model are ‘hard-wired’ to continuous grazing protocols and 

have only recently been adapted to analyse the effect perennial type pastures have on 

whole farm profit. Obviously further testing and development of such tools is important. 

In addition further economic analysis is also necessary for other livestock enterprises, 

other regions and new or improved perennial pasture species. 

 

Other livestock enterprises 

Further economic modelling could be performed in order to determine the impact of 

alternative grazing systems and pasture types on other livestock enterprises (e.g. 

pregnant or lactating ewes). This would supply some more specialist information to 

farmers to ensure that they can maintain the profitability of other livestock enterprises if 

they adopt some alternative grazing management practices or pasture types.  

 

In situations where farmers are not able to simplify their grazing management by 

making necessary changes to flock structure, i.e. run larger mobs, further economic 

analysis could be conducted to test the sensitivity of alternative grazing systems to 

different inputs of labour. 

 

Other regions 

Economic analysis of other regions in the southwest of Western Australia would help to 

determine how widespread the applicability of these findings are. For example, the 

economic performance of lucerne may not be sufficient in other regions to prompt 

widespread adoption by farmers. Simulating the productivity of perennial pastures using 

tools such as the Agricultural Production Systems Simulator could provide useful 

information regarding the productivity of these new pastures in other regions. In this 

way regional productivity thresholds could be mapped and if coupled with economic 

analysis would help farmers to determine the place new perennial grazing systems have 

in their region. 

 



 124

New or improved perennial pasture species 

Bio-economic modelling techniques would be useful to determine the contribution that 

new or improved perennial pasture species would make to paddock and farm level 

economics. This would provide important information to farmers allowing them to 

make informed decisions about perennial pasture usage. 

 

6.4 Concluding comments 

Results show that perennial pastures are, in the studied region, more profitable than 

annual pastures. Under current baseline conditions, continuous grazing with perennial 

pastures is the most profitable enterprise. However, this superiority is not robust under 

parameter variations defined by other scenarios. The more robust solution in terms of 

enterprise profitability is cell grazing with perennial pastures. This is encouraging in 

light of its implications for water uptake and salinity control. It means that economics 

and land care can go hand in hand, rather than be competitive. Note that it is the choice 

of the grazing system in combination with the pasture species, rather then the pasture 

species itself, that allows for such complementarity between economics and sustainable 

land use. This research shows that if farmers adopt practices such as cell grazing they 

may be able to increase the area that they can profitably plant to perennial pasture thus 

reducing the impacts of dryland salinity. In practice, as evidenced in the case studies, 

planning and budgeting of grazing is considered critical to the success of rotational type 

grazing practices. 

 

The rationale of this study was that increased profitability of a salinity-reducing 

enterprise, such as lucerne, was a prerequisite to salinity reduction. Increased grazing 

intensity through cell grazing was then a way to achieve this higher profitability. This 

approach may be viewed as quite general in current efforts to enhance the ecological 

and economic sustainability of farming systems. This research has used case studies of 

real farm complexities combined with bio-economic modelling techniques to overcome 

some of the limitations of experimental comparisons of alternative grazing systems. By 

using this approach this thesis helps to bridge a gap which has existed between science 

and practice. 
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Appendix 1: Case Study Supplement 

 

This appendix provides supplementary information about some of the groups and 

programs mentioned in the case studies. 

 

PROGRAZE 

PROGRAZE is a joint initiative of Meat & Livestock Australia and various State 

Departments of Agriculture and is now delivered as part of the EDGEnetwork suite of 

workshops. 

• PROGRAZE provides skills and knowledge in grazing management decisions for 

southern high rainfall zone producers. 

• A total of 8,500 producers, representing 6,400 businesses have completed 

PROGRAZE since 1994. 

• Another 500 are enrolled in current courses, making it the most successful training 

program ever offered to the livestock industry. 

• PROGRAZE develops participants’ pasture and animal assessment skills and, 

importantly, provides producers tools on how to confidently use these skills to 

improve on-farm grazing decisions. 

• Use of the skills and knowledge developed in PROGRAZE results in more 

effective matching of livestock feeding requirements, and pasture production. 

• More efficient, profitable and sustainable grazing strategies are able to be 

developed. 

• In addition, PROGRAZE promotes an understanding of the principles behind 

grazing management and the applications of those principles. 

 

PROGRAZE is delivered to groups of graziers in eight segments over a pasture growing 

season. 

• Although group size may vary, about 15 farm businesses are usually represented. 

• Over the duration of the workshop, typically 6-8 months, various quantities and 

stages of maturity of pasture are considered in relation to the requirements of 

livestock production. 
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• Workshops are delivered on farm and present an integrated message on the pasture 

and animal interaction. 

 

More information about PROGRAZE can be found on the Meat and Livestock Australia 

website at www.mla.com.au  

 

Holistic Management 

The Holistic Management process evolved out of Allan Savory’s determination to 

reverse the process of desertification worldwide. With the help and support of many 

people over some forty years this former wildlife biologist, farmer and politician came 

to a surprising conclusion. He came to the realisation that desertification and the 

resultant human impoverishment was not only related to management, but more 

fundamentally to the way people were making management decisions. What followed 

was the development of a new framework for decision making and management based 

on a holistic perspective. It is the major thesis of Goldney and Bauer’s (1998) paper, in 

‘Agriculture and the Environmental Imperative’, that the only way that the long term 

potential impacts of contemporary agriculture can be understood and responded to is in 

terms of an agro-ecosystem model, such as the Holistic Management model. Stinner, 

Stinner and Martsolf (1997) also concluded that approaches like Holistic Management 

are worthy of further study due to their ability to support biodiversity, profitability, 

ecosystem function and quality of life. 

 

The first attempt to describe this process was called ‘Holistic Resource Management’ 

and was published in 1988. The second edition, revised and updated using experience 

from practitioners, was published in 1999 and was simply called ‘Holistic Management’ 

reflecting the fact that the readership was enlarged to include people who were not 

directly involved in land management. The second edition however, still contains all of 

the original work on grazing and resource management. Planning is central to a holistic 

approach to grazing and resource management and holistic planning procedures have 

been developed for finances, land (infrastructure) and grazing. The holistic grazing 

planning approach accounts for many factors including animals, pasture, and wildlife. 

 

In 1984 Alan Savory co-founded the Centre for Holistic Management in Albuquerque, 

New Mexico with his wife Jody Butterfield. This not-for-profit corporation’s purpose is 
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to coordinate the development of Holistic Management worldwide. Training in Holistic 

Management is provided by a network of certified educators. More information about 

Holistic Management, the centre and projects and programs can be found on the website 

at www.holisticmanagement.org. At present training in Australia and New Zealand is 

provided by eight certified educators with another five educators in training to gain 

certification. Information about Holistic Management in Australia can be obtained from 

the Holistic Decision Making Association (Australia and New Zealand) Ltd. (contact 

details are posted on the Centre for Holistic Management website). The Holistic 

Decision Making Association (Aust and NZ) Ltd., is a not for profit limited liability 

association. Membership is available to practitioners, educators, partners, supporters, 

colleagues and sponsors. 

 

Readers wishing to learn more about this holistic decision making framework can visit 

the website at www.holisticmanagement.org or read Savory and Butterfield (1999). 


