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1.0 Introduction 

 
MIDAS is a computer model used to assess the impact of change in a farming system. It 
describes the biological relationships of a representative farm.  This information is used 
to estimate the profitability of particular enterprises or management strategies. MIDAS 
was selected as the modelling tool for the economic component of this project because it 
is a whole farm model that represents the spatial variation on a farm. This means that the 
feed supply from different areas of the farm can be integrated into an animal production 
system.  Indeed, estimating the economic value of different pasture systems demands the 
feed availability for the whole farm is described. This is critical because the value of 
alternative species (mix) depends on the feed value of pasture in other paddocks. MIDAS 
also includes a powerful feed budgeting module that optimises animal and pasture 
management across the whole farm. This makes MIDAS an efficient tool to examine new 
and innovative systems. 
 
To undertake analyses for the salinity CRC, MIDAS has been adapted to represent farms 
with a range of perennial plant species in three environments across southern Australia. 
In these environments rising groundwater tables are causing increased dryland salinity or 
stream salinity and there is a need for the development of practical, profitable farming 
systems that minimise recharge. Farming systems that include perennial plants that can 
be grazed by livestock have potential for profitably addressing salinity problems. This 
report documents the analysis for the Hamilton region of Victoria. 
 
Modelling complex systems can enhance understanding of the components of the system 
and highlight areas where further research is required. This approach has been adopted 
for this project. Initially, information was gathered from innovative farmers and 
researchers in each region about the farming systems they currently operate and their 
ideas on new systems. In particular, the potential for including more or different 
perennial species and how they could best be used was explored. Subsequently, MIDAS 
was used to analyse aspects of these systems to ascertain which are most likely to 
increase profit.  This information is likely to useful to researchers in assessing priorities 
for future research. An additional workshop with the producer group was held to obtain 
feedback and ensure that the priorities being considered were relevant to producers. Some 
of the feedback received at the workshops is referred to throughout this report. 
 
The role of the farm modelling component in this project was to: 

1. Quantify some principles about feed supply and demand in grazing systems and 
enhance understanding of the economics of systems that include perennials. The 
principles that have been quantified are the: 

a.  value of energy at different times of the year 
b.  sensitivity of the system to altering the pasture supply 
c.  size of the niche that perennials are filling 

2. Quantify the economic value of varying some parameters of different animal 
production systems (eg time of lambing, frequency of lambing, genotype – FD 
and growth rate, stocking rate). 
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3. Test the systems that are developed out of this understanding. 
 
This report describes the MIDAS analysis carried out to address points 1 and 2 above. 
Point 3 is addressed elsewhere. 

2.0 The model farm 
 
2.1 Land management units 
The model has been designed to represent a ‘typical’ farm in the region. The total area of 
the farm is 2000ha which is comprised of 3 land management units (LMUs) (table 2.1). 
 
Table 2.1: Description and area of each LMU on the model farm 

Land Management 
Unit 

Area 
(ha) 

Description 

Deep sands 
 

760 
 

Generally more than 80cm to clay. Not susceptible to 
waterlogging and therefore able to be used for high yield 
cropping or tagasaste. 

Waterlogging prone 
duplex 
 

260 
 

Sand over clay (with or without gravel) within 30cm. 
Slope<3%. Subject to waterlogging, leading to greatly 
reduced cereal yields and delayed pasture growth. Most 
severe water-logging occurs in drainage lines and 
depressions. 

Medium depth 
sandplain duplex 

980 Sand over clay at 30 to 80cm, often with a gravel layer 
above the clay. May be waterlogged in wet years. High 
yielding cereal and lupin crops are possible in some 
years. Susceptible to wind erosion and water repellence. 

 
2.2 Animal production systems 
A range of sheep flocks have been examined in the sensitivity analysis sections of this 
analysis. A brief description of each of the flocks is in the table below. Variation between 
flocks is related to the proportion of the merino ewe flock that is mated to terminal sires 
(from 0 to 100%). 
 
Table 2.2: A description of the flock types included in this analysis. 
Flock Description 

Specialist Merino wool 

(Wool) 

Emphasis is on wool production. Wethers can be sold as lambs to other 
graziers or as shippers (18 months or older) 

Self replacing crossbred lamb1 

(XB SRF) 

A self-replacing Merino flock utilizing surplus ewes (cast for age or surplus 
ewe hoggets) for crossbred lamb production. Merino wethers can be sold as 
merino prime lamb or as lambs to other graziers or as shippers (18 months or 
older) 

Specialist crossbred1 

(XB) 

Merino ewes producing crossbred carryover lambs. Replacement ewes are 
bought in.  

1  Sucker lambs can be sold in September/October with a carcass weight of 18.8 kg. Carryover lambs can be sold in 
January/February with a carcass weight of 20.2 kg.  

 
The standard flock presented is the self replacing crossbred flock, so all results presented 
are for this flock type unless otherwise specified. 
 
2.3 Pasture types 
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Four mixtures of pasture species have been evaluated: 
1. ‘Annual pasture’: sub-clover based annual pasture with volunteer grasses and 

herbs. 
2. ‘Lucerne’: a mono-culture of lucerne grown in rotation with crops. 
3. ‘Kikuyu’: a mixture of kikuyu and sub-clover. 
4. ‘Fescue’: a mixture of summer active temperate perennial grass and sub-clover. 

In this case Tall Fescue has been modelled but Tall Wheat Grass is another 
very similar example. 

 
These 4 pasture types have been used to create 3 farm systems. The difference between 
these systems is the combinations of the pasture species that can be grown on each soil 
type (see Table 2.3). The systems are: 

1.   a ‘traditional’ system with only annual pastures. 
2.   a system currently regarded as best practice (‘best’) with annual pasture, 

lucerne and kikuyu. 
3.   an untried system with potential for increased benefits (‘future’). This 

includes Tall Fescue as described above. 
 
Table 2.3: The species based mixtures that can be grown on each soil type for each farm 
system. See the text for more detail on the other components of the mixture. 

Land Management 
Unit 

Farm Systems 
Traditional Best Future 

Deep sands 
Waterlogging duplex 
Medium duplex 

Annuals 
Annuals 
Annuals 

Ann, Luc, Kik 
Ann, Kik 
Ann, Luc 

Ann, Luc, Kik, Fes 
Ann, Kik, Fes 
Ann, Luc, Fes 

 
2.4 Pasture production 
The growth rate of annual pastures has been based on trial data and simulations using the 
GrassGro model with climate data from the Mettler weather station. Growth rate of the 
perennial pastures has been based on the simulated production of annual pastures and the 
relative production of annuals and perennials from 3 years of trials at Many Peaks in WA. 
Digestibility of all species has been based on results from the Many Peaks trial. Decline 
in digestibility and quantity over summer of both annuals and perennials is from trial 
results of Doyle et al (1996). 
 

3.0 Optimum Management Systems (with different pasture types) 
 
MIDAS has been used to calculate the optimum strategy for each of the farm systems described 
in the above section. Parameters for the optimum strategy are presented for both the specialist 
wool flock and the self replacing cross bred flock. 
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Table 3.1: Production and management parameters for the optimum management for each 
farm system running a self replacing merino flock. 

 Farm System 
Traditional Best Future 

Profit ($/ha) 
Profit ($/ha/yr) 
Crop Area (%) 
Stocking rate (DSE/WG ha)1 
Supplementary feeding (kg/DSE) 
Flock structure (% ewes) 
Lambing (%) 
Area annual pasture (% of farm / % of pasture) 
Area lucerne (% of farm / % of pasture) 
Area Kikuyu (% of farm / % of pasture) 
Area fescue (% of farm / % of pasture) 
Pasture growth (t/ha) 
Pasture utilization (%) 
Wool income ($/ha) 
Sale sheep income ($/ha) 
 
Leakage below root zone (mm)2 

19 900 
10 
30 
8.1 

18.5 
43 
87 

70 / 100 
- 
- 
- 

6.6 
35 

148 
42 
 

67 

79 900 
40 
30 

10.7 
8.3 
45 
92 

25 / 35 
0 / 0 

45 / 65 
- 

7.0 
46 

193 
60 
 

46 

86 200  
43 
30 

10.1 
6.9 
72 
92 

19 / 27 
0 / 0 

16 / 23 
35 / 50 

7.2 
47 
163 
95 
 

42 
 
Table 3.2: Production and management parameters for the optimum management for each 
farm system running a self replacing cross bred flock. 

 Farm System 
 Traditional Best Future 

Profit ($/ha) 
Profit ($/ha/yr) 
Crop Area (%) 
Stocking rate (DSE/WG ha) 1 
Supplementary feeding (kg/DSE) 
Flock structure (% ewes) 
Lambing (%) 
Area annual pasture (% of farm / % of past.) 
Area lucerne (% of farm / % of pasture) 
Area Kikuyu (% of farm / % of pasture) 
Area fescue (% of farm / % of pasture) 
Pasture growth (t/ha) 
Pasture utilization (%) 
Wool income ($/ha) 
Sale sheep income ($/ha) 
 
Leakage below root zone (mm)2 

64 300 
32 
30 
8.5 
33 
87 
89 

70 / 100 
- 
- 
- 

7.1 
37 

129 
126 

 
69 

138 800 
69 
30 

10.0 
8.3 
87 
92 

23 / 33 
4 / 6 

43 / 61 
- 

7.6 
45 
152 
157 

 
46 

164 500 
82 
30 

12.0 
8.4 
87 
92 

3 / 4 
0 / 0 

21 / 30 
46 / 66 

7.5 
50 

189 
189 

 
45 

                                                 
1  Stocking rate calculated assuming ewes are 1.5DSE/hd and dry sheep 1DSE/hd. 
2 Approximate calculation of leakage below the root zone based on land use. More detailed calculations 
will be done by Craig Beverly using hydrological models 
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The optimum management identified by MIDAS for the ‘traditional’ system with only 
annual pastures and a specialist wool producer is running 8.1 DSE/ha and feeding 18.5 kg 
of supplement per DSE to a flock with 43% ewes and 34% wethers (table 3.1). A self 
replacing flock producing crossbred prime lamb from surplus ewes increases profitability 
(table 3.2). Stocking rate increases marginally to 8.5 DSE/ha and supplementary feeding 
has to increase substantially to 33 kg/DSE. 
 
Including the option of kikuyu and lucerne in the current ‘best’ system substantially 
increases the profitability of both flock types. MIDAS identified the optimum system for 
the specialist wool producer to be 25% of the farm under annual pastures, no lucerne and 
45% under kikuyu, with a farm stocking rate of 10.7 DSE / WG ha. The ‘best’ system for 
the self replacing crossbred producer has some lucerne (4%) and less kikuyu (43%) and a 
stocking rate of 10.0 DSE/ha. These adjustments are consistent with the requirement for 
more high quality feed to finish lambs. 
 
Including the option of growing tall fescue on the farm in the ‘future’ farming system 
displaces the lucerne and reduces the area of both annual pasture and kikuyu. The greater 
profitability of the fescue is driven by its high growth rates during winter and spring and 
only a small reduction in quality during summer/autumn compared with lucerne3. 
Compared with kikuyu, fescue is more digestible but is slightly slower growing in 
summer and autumn. The total area of perennials on the farm has increased from 47% to 
67% but the leakage below the root zone has only decreased marginally. This is because 
fescue leaks more than the lucerne and the kikuyu that it is displacing. 
 
The self replacing crossbred flock is more profitable than the specialist wool flock for 
each of the farm systems however the difference is greatest for the higher production 
‘future’ system. The increase in profit from adopting the ‘future’ system is greater for the 
self replacing cross bred lamb flock than for the specialist wool flock. This indicates that 
including high quality perennials are best utilized in a system with a focus on meat 
production rather than in a system with a focus on wool production. The specialist wool 
flock for the ‘traditional’ and ‘best’ farm systems has about 30% of the flock that are 
wethers. This is consistent with feedback from the producer workshops where 
participants indicated that they like to have a proportion of their flock that they are 
comfortable selling. The producers viewed this as a strategy for dealing with poor 
seasons. For the optimum ‘future’ farm the proportion of wethers falls to 6% because 
there is sufficient high quality feed to run a higher number of breeding sheep. 
                                                 
3 The modelling of lucerne in this project has been based on limited data for major 
characteristics such as growth rates and digestibility. Consequently, the level of 
confidence around the lucerne results is lower than for the other pasture types. Other 
model results suggests that the reduction in profit from including lucerne with current 
expected production levels is small, so there may be a role for lucerne on the ‘future’ 
farm even though the model does not select any in its optimal configuration. The 
inclusion of lucerne in the optimal ‘future’ farm will be sensitive to the ability of fescue to 
finish lambs relative to lucerne and this is a potential area for research into fescue. 
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The self replacing crossbred flock does not have any wethers. All merino wether progeny 
are sold as either prime lamb or as stores to other graziers. If wethers are retained then 
profitability drops by $8300/farm/yr or $4.15/ha/yr for each 10% of the flock switched 
into wether production. One producer suggested 30% of the flock as saleable dry sheep 
was necessary to manage poor seasons and this would equate to a reduction in 
profitability of $25 000/yr or $12.50/ha/yr. 
 
For all systems the area of crop is 30%. This level was set as the maximum area of crop 
based on feedback received at the farmer workshop. If the maximum crop area is not 
constrained then the optimum area of crop identified by MIDAS is as specified in Table 
3.3. Profit is increased by between $35 000 and $70 000 for the specialist wool flock and 
by between $5 000 and $50 000 for the self replacing crossbred flock. The larger 
increases are for the ‘traditional’ farm system and the smaller increases are for the 
‘future’ system. This is because cropping is relatively more profitable than a ‘traditional’ 
sheep enterprise so increasing the area of crop and decreasing the area of pasture has a 
major impact on farm profitability in this system. 
 
Table 3.3: Optimum crop area when there is no limit on cropping. 

 
Flock structure 

Farm System 
Traditional Best Future 

Specialist Wool 
Self replacing Crossbred 

65 
65 

64 
59 

65 
54 

 

4.0 Sensitivity to changing Pasture Production 
This section shows the results of the sensitivity analysis undertaken using the model. 
Parameter values are changed systematically (and individually) while the others are held 
constant.  Sensitivity analysis can help improve our understanding of the farming system 
by estimating the change in whole farm profit resulting from changes to different 
components of the system (or parameter values).  This can help identify parameters that 
are economically more important and thereby which components of the farming systems 
might be altered for the greatest economic gain.  This can provide insights into the 
potential economic value of research. 
 
While sensitivity analysis can be a powerful tool, results must be interpreted with care.  
Model results may indicate where research has the greatest potential benefit, however 
prior to research being conducted the cost of implementing change at the farm level is 
unknown.  This should be a consideration when research priorities are being assessed.  In 
addition the model results provide no indication of the ease with which research may lead 
to given change in the farming system (say an increase in winter pasture growth).  For 
example a 5% change in winter growth may be more valuable than a 5% change in spring 
growth but it may be much more difficult (and costly) to achieve.  A further consideration 
is the ease with which farmers may adopt prospective research outcomes.  Improved 
management that increases the demand for labour for example is likely to be less readily 
adopted than an alternative option with less requirements for labour. 
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 In this sensitivity analysis a range of pasture production parameters were changed.  
These changes are shown in Table 4.1. 
 
Table 4.1: Pasture parameters varied in the pasture sensitivity analysis. 
Parameter Range examined 
Pasture growth rate 
      During winter 
      During early spring 
      During late spring 
      During summer 
      During autumn 
 
Pasture digestibility 
      Decline during summer 

 
Increase of 20% achieved for 1 week 
Increase of 20% achieved for 1 week 
Increase of 20% achieved for 1 week 
Increase of 20% achieved for 1 week 
Increase of 20% achieved for 1 week 
 
 
Reduce decline so that final digestibility is 5% 
higher 

 
Table 4.2: Increase in profit ($/ha of pasture) achieved from varying a range of pasture 
parameters for 3 of the flock types. 

Component Specialist 
wool 

Self replacing 
XB Lamb 

Specialist   
XB Lamb 

PGR 
Winter 

Early Spring 
Late Spring 

Summer 
Autumn 

 
Digestibility 

Summer Decline 

 
1.20 
1.30 
0.60 
0.20 
0.10 

 
 

10 

 
1.80 
1.90 
0.90 
0.30 
0.20 

 
 

14 

 
2.20 
3.00 
1.30 
0.50 
0.10 

 
 

25 
 
The specialist crossbred lamb flock is most responsive to increasing pasture productivity 
and digestibility, the specialist wool flock is least sensitive and the self replacing flock 
producing crossbred lambs is intermediate. 
 
These results can be used to estimate the level of change in each pasture parameter or 
combination of parameters that would be required to reach the project’s target profit. The 
project target requires an increase in profit of $32/ha of pasture above the ‘future’ farm 
system. For example, to achieve the target by increasing winter production requires 
approximately 28% more winter growth. This was calculated as 1.4 times more than the 
20% increase in growth that was modelled (table 4.1). Biologists can assess the 
likelihood of achieving increases of this magnitude or of achieving a combination of 
increases that in total meet the target. 
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5.0 Perennial pastures 

5.1 Area of perennial pastures 
MIDAS has been used to examine the profitability when the area of perennials is altered. 
The calculations have been done with  

a. Lucerne being the only perennial on the farm 
b. Lucerne and kikuyu 
c. Lucerne, kikuyu and fescue 
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Figure 5.1: The increase in farm profit from growing perennials and the effects of varying 
the area of perennials 
 
If lucerne is the only perennial option the optimum area of the farm to have under 
perennials is in the range of 300 to 700ha (15 to 35% of the farm) and profit is increased 
by approximately $20/ha compared with having no perennials (figure 5.1). Beyond this 
level the lower winter growth and the higher cost of establishing the lucerne outweighs 
the benefit of high quality feed in summer. These results are consistent with other studies 
carried out previously for other regions that have shown the optimum area of lucerne to 
be in the range 20-30%. 
 
Including kikuyu as an option on the farm increases the optimum area of perennials to 
between 600and 1200ha (30 to 60% of the farm) and increases profit a further $15/ha. 
Including tall fescue increases the optimum area of perennials to between 1600 and 
1800ha (or 50 to 90% of the farm) and increases profit a further $13/ha. 
 
Including fescue displaces lucerne because both species are filling a similar niche for 
high quality summer feed and the fescue has better growth in winter. Whether it is 
profitable to displace the lucerne completely depends on the ability of a fescue based 
sward to finish lambs in summer/autumn.  
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These results show that the optimum area of perennials is higher if combinations with 
varying characteristics are grown. This finding makes it easier to achieve the dual goal of 
increasing profit and reducing recharge that has been set for this project. When the 3 
perennials are grown in combination there is a wide range (50 - 90%) over which profit is 
insensitive to area of perennials and this means the final choice of area of perennials will 
be determined by factors other than profitability. One of these factors could be leakage of 
water below the root zone and there is likely to be large variation in this within the range 
50 - 90%. 

5.1 Extra cost of a Fescue pasture 
With the standard animal production assumptions increasing the cost required to manage 
a Tall Fescue pasture leads to a reduction in the optimal area of fescue (Fig 5.2). If the 
extra cost of fescue is more than $40/ha then the optimal area of fescue is reduced to 
zero. At $30/ha the optimal area is reduced from 46% of the farm down to 21%. 
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Figure 5.2: Sensitivity of area of fescue to the extra maintenance costs of fescue above 
annual pastures. 

6.0 Characteristics of Animal Production Systems 

6.1 Supplementary feeding levels 
The optimum level of supplementary feeding identified by the MIDAS model for the 
‘traditional’ farming system was 33kg/DSE. Producers attending the South Coast 
workshops indicated that this is much higher than they would be prepared to feed. They 
opt for lower stocking rates which require minimal supplementary feeding because this 
strategy is less expensive in poor seasons. The MIDAS sensitivity results (figure 6.1) 
indicate that farm profit is insensitive to supplement level down to 20kg/DSE. 
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Figure 6.1: Sensitivity of profit to supplementary feeding levels for the ‘traditional’ farm 
and the ‘future’ farm. 
 
Including summer active perennials in the farm system reduces the optimum 
supplementary feeding rate to between 8 and 13kg/DSE. This is a low level of feeding 
and limits the potential benefit from cheaper supplements. 

6.2 Fodder conservation 
The value of implementing fodder conservation systems for annual feeding is low for the 
‘future’ farming system because very little supplement is fed when summer active 
perennials are being grown on a large area of the farm. Even if the fodder can be 
conserved for $30/t and the quality is high (11 MJ/kg) the increase in profit from 
conserving feed is only $3.50/ha/yr ($7000/farm). 
 
Having a strategy for the poor years is an essential component of the farm system to 
minimise the cost of poor years and allow higher stocking rates to be run during the 
average and better years. Fodder conservation may have a role for this if it can be made 
cheaply. Using fodder conservation in this way changes the focus from short term storage 
(fodder rolls and buns) to longer term storage (silage pits). 
 
The change in the value of drought reserves for a farm with more perennials has not been 
valued because MIDAS is not well suited to examining this question. 

6.3 Pasture utilisation 
Previous analyses have shown that utilising a high proportion of pasture is necessary to 
maximise profit from growing extra pasture. 
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Table 6.1: Change in profit ($/ha of pasture) resulting from altering parameters associated 
with pasture utilisation for the 3 flock types. 

 Specialist 
wool 

Self replacing 
XB Lamb 

Specialist 
XB Lamb 

Increase utilisation 10% 
Reduce summer residual by 

500kg/ha 
Reduce trampling losses from 

25% to 10% 
Reduce decay in summer/autumn 

from 0.7% to 0.4%/day 

12 
 

2 
 

19 
 

2 
 

15 
 

3 
 

27 
 

3 

19 
 

4 
 

35 
 

4 
 

 
Increasing pasture utilization and reducing pasture wastage has a medium value and 
improving them could contribute to a system that meets the profit targets of this project. 
A constraint to achieving increased pasture utilization is the associated heightened risk of 
wind erosion. Using alternative methods (such as windbreaks) to control this risk may 
allow pasture utilisation and profit to be increased. Reductions in pasture wastage and 
decay may be achieved from rotation grazing which is integral to management of the 
perennial sward. Measuring these parameters in a trial or on farm would allow more 
accurate feed budgeting and increase farmer’s accuracy in utilizing their feed supply. 

6.4 Reproductive rate 

Reproductive rate is a combination of 
1. fertility – the number of ewes lambing per ewe joined 
2. prolificacy – the number of lambs born per ewe lambing 
3. survival – the number of lambs alive at weaning per lamb born 

 
Reproductive rate can be increased by improving the nutrition of the ewes, improving the 
genetic potential of the ewes or reducing the reproductive wastage caused by 
environmental factors. The extra profit from increasing reproductive rate is a tradeoff 
between the extra income achieved by having a flock with more surplus animals for sale 
and the extra costs associated with meeting the energy demands associated with more 
ewes pregnant or more ewes lactating. 
 
Table 6.2: Increase in profit ($/ha of pasture) achieved from producing an extra 10% lambs 
weaned for the self replacing crossbred lamb flock. 

Farm System Increase in Profit 
($/ha pasture) 

Traditional 
Future 

15 
26 

Increasing reproductive rate is almost twice as valuable on the ‘future’ farm as the 
‘traditional’ farm (table 6.2). Two thirds of the extra value is due to the additional ewes 
being run on the ‘future’ farm because of the higher proportion of ewes in the flock. One 
third of the increase in value is due to the extra returns that can be made from additional 
lambs on a farm with summer active perennials. 
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Clearly, farm systems including a high proportion of summer active perennials benefit 
from increased reproductive rates. Therefore, a focus on improving reproductive rate is 
sensible for this project. 

6.5 Time of Lambing 
The profitability of lambing later is a trade-off between the lower energy demands of the 
ewes at the break of season and the higher energy demand of the younger and smaller 
progeny going into summer/autumn. Later lambing makes it possible to carry higher 
stocking rates through the feed shortage at the break of season and have more animals 
available to graze the spring flush. 
 
Lambing in August instead of July increases profitability slightly in the wool producing 
flock. In this system the energy requirements of the lambs are low because the target for 
the lambs is maintenance only. The benefit of higher stocking rates outweighs the extra 
costs associated with higher energy demands of the lambs in early summer. 
 
In contrast, lambing in August rather than July reduces the profitability for the self 
replacing crossbred flock. For this flock structure the cost of the extra energy required to 
finish the later born lambs outweighs the benefits of lower costs or higher stocking rate 
during winter. In this flock the target for the lambs is maximum weight gain and this can 
be achieved cheaper if the lambs are born earlier and gain more weight during the spring 
flush. 
 
Table 6.3: Effect on profit ($/ha of pasture) of changing time of lambing for a specialist wool 
flock and a self replacing lamb flock. 

Lambing time Specialist 
Wool 

Self relacing 
Lamb 

July 
August 

40 
42 

81 
65 

 

7.0 Value of Trees in the System 
Trees and other woody perennials have not been formally modelled in MIDAS however 
some of the sensitivity analysis results are relevant to the profitability of including trees 
in the farming system. Including trees on a farm can impact on profitability in a number 
of ways, some are positive, others are negative. Some of their impacts on profitability 
are: 
 

1. They reduce the area available for other land uses, effectively reducing the area of 
the farm. Including summer active perennials on the farm increases profitability 
and this increases the opportunity cost of taking land out of production to plant 
trees. 

2. Some species can contribute to the cashflow of the farm in their own right through 
timber products. 

3. Trees reduce the risk of wind erosion. In regions where this is a problem, such as 
on the South Coast of WA grazing during summer needs to be moderate to 
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minimise the risk of erosion. Planting trees as wind breaks could allow heavier 
grazing of the dry residues during summer and autumn. The results showing the 
sensitivity of profit to the amount of pasture that must be left at the beginning of 
the next growing season (table 5.1) indicate the magnitude of the potential 
benefits. 

4. Shading by trees has been shown to reduce the level of soluble carbohydrate in 
the pasture which reduces palatability and this may reduce utilisation of the 
shaded pasture. 

5. They can impact on the productivity of the “normal” land use. This could be 
positive through enhancing the microclimate or it could be negative through 
competition for light and water. The results on the sensitivity of profit to changing 
pasture growth (table 4.2) can be used to estimate the profit impact of trees when 
the net impact on pasture growth can be estimated. 

 
The net affect of trees has been calculated in table 7.1 using the following 
assumptions: 

a) reduced pasture growth in late spring by 10% because of competition for light 
and water  
b) increased pasture growth in winter by 10% through provision of shelter  
c) increased lamb survival by 5% through provision of a wind break 
d) reduced the residual DM required at the end of summer by 500 kg/ha 
e) reduced utilisation of feed by 5% because of the lower palatability of the 

shaded pasture 
f) each hectare of trees impact on 10ha of pasture  

 
Table 7.1: An example calculation of the impact of trees on farm profit through 
effects on pasture growth. Note: the values used for the effects of trees on pasture 
production are only included for the example calculation. They may not bear any 
resemblance to reality. 

 Calculation Farm Profit ($/ha) 
Extra winter pasture  10% for 13wks 
Lower spring pasture  10% for 13 wks 
Increase lamb survival  5% 
Residual DM 
Reduced utilisation 
Net effect/ha of pasture 
 
Area impacted by 1ha of trees 
Production effect/ ha of trees 
Opportunity Cost (average over farm) 
 
Net effect/ ha of trees 

10/20*1.8*13 
10/20*0.9*13 
5/10*26 
 
5/10*15 

+11.50 
-6.00 

+13.00 
+.300 

    -7.50 
 +14.40 

 
10 ha 

+144.00 
-140.00 
           . 
   +4.00 
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8.0 Water use and Profit 
MIDAS can estimate leakage over the whole farm4 by summing the area (ha) by leakage 
(mm) of each land use. It has been used to calculate the trade-off between profitability 
and leakage by constraining leakage to set levels and calculating the most profitable 
combination of land use that has that level of leakage (figure 8.1). To reduce leakage the 
model reduces the area of annual pastures and crops and increases the area of perennials. 
The ‘traditional’ system that does not include any perennials can only alter the mix of 
annual crops and pastures to meet leakage targets and there is much less scope to reduce 
leakage. 
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Figure 8.1:Trade-off between profit and leakage below the root zone for the ‘traditional’ 
system, the current ‘best’ and the potential ‘future’ system. The current profit and leakage 
and the target profit and leakage are also marked. 
 
The current ‘best’ system with lucerne and kikuyu uses significantly more water and 
makes significantly more profit than the traditional system based on annual pastures 
(Figure 8.1). So, there is scope for extension to reduce leakage by increasing the adoption 
of perennials without including any new species options. For the ‘best’ system, reducing 
leakage by 10mm reduces profit by approximately$6.50/ha ($13000/farm) and profit at 
the target leakage is $15/ha or $29000/farm lower than the maximum profit attainable if 
leakage is ignored. 
 
The ‘future’ system including a summer active temperate perennial grass such as tall 
fescue along with lucerne and kikuyu makes a significant contribution to meeting the 
profit target of this project. Including fescue increases profit by $13/ha and profit is less 
sensitive to reducing leakage. Reducing leakage by 10mm reduces profit by only 
$2.50/ha ($5000/farm) and profit at the target leakage is only $6/ha ($12000/farm) lower 
than the maximum attainable if leakage is ignored.  
 

                                                 
4 These calculations of leakage are only an estimate of leakage and are based on area of different land 
uses. More detailed calculations have been done by Craig Beverly using hydrological models. 
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Other pasture systems that have been examined include: 
1. ‘alternative C4 grasses’ – substituting Rhodes grass, Setaria or Panic for kikuyu. 

The ‘alternative C4 grass’ was modelled with all the same production parameters 
as kikuyu but a 5% higher digestibility in summer/autumn and less of a drop in 
digestibility for rank pasture. 

2. ‘high water use fescue’ – substituting a mixture of lucerne and fescue for 
subclover and fescue. This mixture was modelled as having the same production 
as the Tall Fescue subclover mix but lower leakage (on par with the pure lucerne 
stand). 

 
The ‘alternative C4 grass’ system is $3 to $4/ha more profitable than the system with 
kikuyu but there is little difference in the trade-off between profit and leakage. The ‘high 
water use fescue’ system however, does alter the trade-off between profit and leakage. 
The profit at the target leakage is only $2/ha ($3500 /farm) lower than the maximum 
attainable if leakage is ignored. This trade-off may be sufficiently small that more 
farmers could adopt the system with lower leakage. 
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Figure 8.2:Trade-off between profit and leakage below the root zone for the ‘future’ system 
and some variation in the species on the farm. 
 

9.0 Systems that meet the targets 
The goal of this project is to increase profit by 50% and reduce recharge by 50%. The 
base line from which these targets will be measured is the current ‘best’ farm system. For 
this analysis the self replacing crossbred lamb flock structure is being used as the 
standard flock structure from which the targets are calculated. Using the values presented 
in Table 3.2 the targets for profit and leakage are a profit of $104/ha (an increase of 
$35/ha) and a leakage of 23mm (a reduction of 23mm). 
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In this section different parameters have been varied to the extent necessary to meet the 
profit target. Then the effect of constraining leakage has been examined. From this the 
ability of the system to meet the dual goals has been assessed. If the graph is very flat 
then the system is meeting the profit target but profit is not sensitive to the level of 
leakage. With this low level of sensitivity there is little incentive or disincentive for 
producers to adopt the large area of perennials that is necessary to meet the leakage 
target. To provide a strong incentive to reduce leakage (and increase the area of 
perennials) the line needs to slope upwards to the left. 
 
Three systems have been quantified (figure 9.1): 

1. Increasing lambing percentage: to achieve the dual goal would require a 12% 
increase in lambing percentage. 

2. Increasing winter growth rate of pastures: to achieve the dual goal would 
require a 27% increase in winter growth rate for all the pasture swards. 

3. Reducing deterioration of pasture: to achieve the dual goal would require 
reducing the losses from trampling to 10% of intake (from 25%) and reducing 
the residual dry matter required at the break of season to 750kg (from 1000kg) 
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Figure 9.1: Trade-off between profit and leakage for systems that meet the dual goals of 
profit and leakage. 
 
There is very little difference between the three options and all three have maximum 
profit at a level of leakage above the target. However, for all three the maximum profit 
achieved if there is no constraint on leakage is only $1/ha higher than if leakage is 
required to meet the target. 
 
To achieve the target profit and water use if the maintenance cost of a fescue sward is 
$30/ha higher than the annual pasture stand requires an increase in lambing percentage of 
20%. This is a 8% increase on that required if the maintenance cost of the fescue is the 
same as annual pasture and kikuyu. 
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10.0 Other systems evaluated 
Two other animal systems have been evaluated. These were:  

1. a fine wool system using kikuyu to minimise the seasonal variation in wool 
production and reduce the dust contamination. Low seasonal variation in 
production leads to high staple strength and low dust contamination leads to 
higher style grades. High staple strength and high style grades mean that large 
premiums can be achieved for super fine wool. 

2. a completely meat based system using a sheep genotype that sheds its wool 
and requires less husbandry. An advantage of this type of animal is that it 
requires less labour and hence an owner operator can run more animals and 
achieve other economies of scale. 

 
These 2 systems have been evaluated to determine if they are more suited to a farm with 
a focus on summer active perennials than to a farm without perennials. If the systems are 
more suited to a perennial based farm then the systems could be a focus for this project. If 
the systems are equally suited to a perennial farm as an annual farm then there is no 
reason why researching the systems should be carried out in this project rather than in 
conventional animal research projects. For both animal systems the analysis has only 
been superficial and a more detailed analysis would be required to determine at what 
production level the fine wool genotype or the non-wool genotype are more profitable 
than the merino genotype. 
 

0

20

40

60

80

100

120% 125% 130% 135% 140% 145%

Fine wool income (% of merino $/DSE)

F
a

rm
 P

ro
fi

t (
$

/h
a

)

'Future'

'Traditional'

'Best'

 
Figure 10.1: Breakeven wool value per DSE for a fine wool flock and a standard merino 
genotype for each different farming system. 
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10.1 Fine wool production 
A fine woolled genotype was created from the standard merino genotype by reducing the 
average fibre diameter of the flock, doubling the premiums paid for higher staple strength 
wool and altering the management of the sheep to give a wool profile with lower 
variation between minimum and maximum fibre diameter. 
 
The profitability of the standard merino genotype has been compared with this genotype 
at a range of fibre diameters (figure 10.1). The range of fibre diameter has been presented 
as the value of wool produced per DSE from the fine wool genotype. The point of equal 
profit between the merinos and the fine wool genotype shows the breakeven increase in 
wool income per DSE. 
 
For the ‘traditional’ farm the breakeven wool income is 129% of the standard merino 
flock. For the ‘future’ farm the breakeven wool income is 132% of the standard merino. 
The increase is slightly higher for the ‘future’ system indicating that this pasture system 
is slightly less suited to fine wool production than the traditional pastures. In comparison, 
the current ‘best’ system has a lower break even wool income (125%) which indicates 
that the kikuyu and lucerne system is best suited to fine wool production. 
 

10.2 Meat only 
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Figure 10.2: Breakeven lambing percentage for a non-woolled genotype with the standard 
merino genotype for both the ‘traditional’ system and the ‘future’ system. 
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Figure 10.3: Trade-off between profit and leakage for a system utilising a non-woolled 
genotype. 
 
A non-wool sheep was modelled from the standard merino genotype by removing wool 
income and reducing animal husbandry costs associated with shearing, crutching, jetting 
and lice control. The profitability of the standard merino genotypes has been compared 
with the genotype at a range of lambing percentages (figure 10.2). The point of equal 
profit between the merino and the non-wool genotype shows the necessary increase in 
meat production to compensate for no wool income. 
 
For the ‘traditional’ farm the breakeven lambing is 139% which is a 50% increase in 
lambing percentage. For the ‘future’ farm the breakeven lambing is 134% which is a 42% 
increase in lambing. The slightly lower breakeven lambing percentage indicates that the 
inclusion of a non-wool genotype is only slightly more viable on a farm with summer 
active perennials than a traditional farm. 
 
There is little difference from the other systems examined in the relationship between 
leakage and profit. These small differences indicate that this area of non-wool sheep need 
not be a priority research area for this project with its focus on summer active perennials. 
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Appendix 1 – Pasture growth rate assumptions 
Scaling factor of pasture growth rate for the different soil classes. 

 Deep Sand 
Waterlogging 

Duplex 
Medium 
Duplex 

Continuous annual pasture 
Lucerne 
Kikuyu 
Fescue 

0.9 
0.9 
0.9 
0.9 

0.9 
0.9 
0.9 
0.9 

1.0 
1.0 
1.0 
1.0 

 
Initial growth or germination (kg/ha) of each pasture type on each soil class during the first feed 
period. 

Initial growth or Germination of Deep Sand 
Waterlogging 

Duplex 
Medium 
Duplex 

Continuous annual pasture 
Lucerne 
Kikuyu 
Fescue 

698 
698 
698 
698 

698 
698 
698 
698 

775 
775 
775 
775 

 
Germination of annual pasture phases relative to continuous pasture when grown in rotation with 
crops 

Pasture phase Proportion 
1st and only year pasture after 1 crop 38% 
1st and only year pasture after 2 crop 20% 
1st and only year pasture after 3 crop 20% 
1st year of many years pasture after 1 crop 38% 
1st year of many years pasture after 2 crop 20% 
1st year of many years pasture after 3 crop 20% 
2nd year pasture after crop 100% 
3rd & subsequent pasture after crop 100% 
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PGR by day
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MIDAS inputs: FOO levels for the 2 different PGR levels. 
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Appendix 2 – Crop production assumptions 
Yield of wheat in different phases of rotation on different soil classes 

Phase of rotation S1 S2 S3 
Wheat on multi-year wheat 935 510 765 
Wheat on single year wheat 1 683 918 1 377 
Wheat after continuous cereal, 1 year break 1 870 1 020 1 530 
Wheat after continuous cereal, 2+ year break 1 870 1 020 1 785 
Wheat after non-legume crop, 1 year break 1 870 1 105 1 615 
Wheat after non-legume crop, 2+ year break 2 338 1 275 1 913 
Wheat after legume crop, 1 year break 1 870 1 105 1 615 
Wheat after legume crop, 2+ year break 2 338 1 275 1 913 
Wheat as second non-legume crop after legume crop 2 338 1 275 1 913 
Wheat after green manure, 1 year break 2 151 1 271 1 857 
Wheat after green manure, 2+ year break 2 688 1 466 2 199 
Wheat as second non-legume crop after green manure 2 338 1 275 2 008 
Wheat after single year pasture, 1 year break 1 870 1 105 1 700 
Wheat after single year pasture, 2+ year break 2 253 1 190 1 828 
Wheat after multi-year pasture 2 338 1 318 2 083 
Wheat as second non-legume crop after single year pasture 2 040 1 105 1 658 
Wheat as second non-legume crop after multi-year pasture 2 253 1 190 1 828 
Wheat after multi-year lucerne 2 338 1 318 2 083 
Wheat as second non-legume after multi-year lucerne 2 253 1 190 1 828 

 

Yield of barley in different phases of rotation on different soil classes 
Phase of rotation S1 S2 S3 
Barley on multi-year barley 1 063 638 893 
Barley on single year barley 1 913 1 148 1 607 
Barley after continuous cereal, 1 year break 2 125 1 275 1 785 
Barley after continuous cereal, 2+ year break 2 125 1 275 2 083 
Barley after non-legume crop, 1 year break 2 125 1 360 1 870 
Barley after non-legume crop, 2+ year break 2 678 1 573 2 253 
Barley after legume crop, 1 year break 2 125 1 360 1 870 
Barley after legume crop, 2+ year break 2 678 1 573 2 253 
Barley as second non-legume crop after legume crop 2 678 1 573 2 253 
Barley after green manure, 1 year break 2 444 1 564 2 151 
Barley after green manure, 2+ year break 3 079 1 808 2 590 
Barley as second non-legume crop after green manure 2 678 1 573 2 365 
Barley after single year pasture, 1 year break 2 125 1 403 1 998 
Barley after single year pasture, 2+ year break 2 550 1 488 2 125 
Barley after multi-year pasture 2 678 1 658 2 423 
Barley as second non-legume crop after single year pasture 2 295 1 360 1 913 
Barley as second non-legume crop after multi-year pasture 2 550 1 488 2 125 
Barley after multi-year lucerne 2 678 1 658 2 423 
Barley as second non-legume after multi-year lucerne 2 550 1 488 2 125 

 

Yield of break crops on different soil classes 
Crop type S1 S2 S3 
Canola 1 200 1 200 1 500 
Lupins 1 140 903 1 140 
Field peas 0 950 950 
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Appendix 3 – Leakage assumptions 
Table A3.1: Leakage (mm/yr) under the 3 pasture types on each land management 
unit. 
Pasture Deep Sands Waterlogging 

duplex 
Medium depth 

duplex 
Annual pasture 
Lucerne 
Kikuyu 
Fescue 

60 
- 
0 

20 

57 
- 

10 
25 

54 
10 
10 
25 

 
 


