
C S I R O  P U B L I S H I N G

Australian 
Journal of 
Agricultural 
Research
Volume 51, 2000
© CSIRO Australia 2000

A journal for the publication of original contributions 
towards the understanding of an agricultural system

w w w. p u b l i s h . c s i ro . a u / j o u rn a l s / a j a r

All enquiries and manuscripts should be directed to 
Australian Journal of Agricultural Research
CSIRO PUBLISHING
PO Box 1139 (150 Oxford St)
Collingwood Telephone: 61 3 9662 7628
Vic. 3066 Facsimile: 61 3 9662 7611
Australia Email: jenny.fegent@publish.csiro.au

Published by CSIRO PUBLISHING
for CSIRO Australia and 

the Australian Academy of Science

http://www.publish.csiro.au/journals/ajar
http://www.publish.csiro.au


Aust. J. Agric. Res., 2000, 51, 163–72

10.1071/AR99026      0004-9409/00/020163

Simulation studies of nitrogen concentration in the diet
of sheep grazing Mitchell and mulga grasslands

in western Queensland

W. B. HallAB, K. G. RickertA, G. M. McKeonB, and J. O. CarterB

A School of Natural and Rural Systems Management, University of Queensland, Gatton College, Qld 4345,
Australia.

B Climate Impacts and Natural Resource Systems, Queensland Department of Natural Resources, 80 Meiers Rd,
Indooroopilly, Qld 4068, Australia.

Abstract. This study examined the potential to simulate the quality, as indicated by nitrogen concentration, of the
diet of sheep grazing the Mitchell and mulga grasslands of western Queensland. Development of this simulation
capability will allow pasture growth and animal production models to be more easily coupled. Modifications and
optimisation of an existing beef cattle diet selection model, in conjunction with a single sward pasture model,
accounted for 69.1% (P < 0.001) and 41.9% (P < 0.001) of variation in sheep dietary nitrogen concentrations
observed from grazing trials on Mitchell and mulga grasslands, respectively. Failure to simulate some of the higher
recorded dietary nitrogen concentrations was probably associated with high forb content in the diet. Examination of
the results indicated that development of pasture growth models which simulate major pasture species, or groups of
species (e.g. perennial grasses, annual grasses, browse, forbs, legumes), would appear to be necessary before diet
selection models will be better able to explain the variation in dietary quality observed in grazing animals.
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Introduction
The Queensland wool industry covers approximately
600 000 km2, or 35% of the State, and includes many differ-
ent soil and vegetation types (Weston et al. 1981; Carter et al.
1996). In 1996–97 approximately 10.43 million sheep and
lambs were shorn in Queensland, producing 51.2 million kg
of greasy wool valued at $AU206 million (Anon. 1998). The
mulga and Mitchell grass pasture communities are the most
important in terms of western Queensland wool production.
Mulga grasslands occur in the south-west of the State and are
named after the shrub/tree Acacia aneura (mulga), which
varies in density from sparse (1/ha) to very dense (8000/ha;
Perry 1970). The Mitchell grasslands are located throughout
western Queensland. Trees and shrubs are sparse in the
northern Mitchell grasslands, whereas further south, grass-
lands merge with open wooded areas. Mitchell grass
(Astrebla spp.) is the dominant pasture species but forbs and
annual grasses grow in response to rainfall at specific times
of the year (Orr and Holmes 1984).

In rangelands, rainfall is the primary determinant of
pasture growth and hence potential animal productivity. The
modelling of pasture production, which may include other

factors such as soil and pasture type, temperature, humidity,
and the presence of trees, provides a further refinement of
this indicator. In terms of simulation capability, the pasture
growth model GRASP (McKeon et al. 1980, 1982, 1990, 1993;
Rickert and McKeon 1982; Day et al. 1993; Scanlan and
McKeon 1993; Littleboy and McKeon 1997) has been
parameterised for most land systems/pasture communities of
the Queensland rangelands (Day et al. 1997). Therefore,
development of a model which simulated the quality of diet
selected by grazing sheep was the next logical step to link
pasture models to animal production models such as
GrazFeed (Freer et al. 1997).

Modelling of diet selection and feed intake has been iden-
tified by numerous workers as a major challenge to the suc-
cessful modelling of grazing animal production systems
(White et al. 1979; Black et al. 1982; Kenney and Black
1984; Denham and Spreen 1986; Ketelaars 1986; Ungar and
Noy-Meir 1986). Often in pen experiments examining diet
selection, one factor is examined in isolation, whereas a wide
range of factors influences grazing sheep. Dove (1996) sug-
gested that there was a need for further experimental work to
measure ‘available herbage in botanical, physical, chemical,
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and spatial terms, and to conduct experiments in which
factors influencing diet selection are examined in an uncon-
founded way’. 

Few models exist which link the grazing animal to the
pasture community in rangelands. GrazFeed (Freer et al.
1997) requires the user to enter the mean digestibility and
yield of the green and dead pasture pools. For example, mean
digestibility of the green pool (range 0.5–0.8) is entered and
the mass of green pool is partitioned into 4 digestibility
classes: 0.5, 0.6, 0.7, 0.8. Similarly, the mean digestibility of
the dead pool (range 0.3–0.7) is used to proportion the dead
pool mass into 5 digestibility classes: 0.3, 0.4, 0.5, 0.6, 0.7.
Dove (1996) noted that in the ‘absence of appropriate data, the
distributions are conceptual’. Sheep are assumed to select their
diet from the highest digestibility class first, moving to less
digestible classes as dictated by the availability of feed in each
class and their predicted feed intake. GrazFeed calculates the
potential feed intake of sheep based on their size and condition
assuming ad libitum access to a forage of high digestibility
(>0.8). This potential intake is then adjusted for physiological

state, presence of supplements, and pasture quality and avail-
ability. As GRASP does not estimate the mean digestibility of
green and dead pools, and the distribution of the green and
dead pools in GrazFeed is conceptual only, the approach
adopted in this work was to use existing equations from a beef
cattle diet selection model which estimated dietary nitrogen
concentration and had been part of the early development of
GRASP (Hendricksen et al. 1982; McKeon et al. 1982). This
model of diet selection was based on the following concepts:

• nitrogen content and digestibility of plant components
decline with age (Wilson and Mannetje 1978)

• animals prefer and select for higher quality plant compo-
nents, e.g. high green leaf content of diet (Ash et al. 1982)

• the age classes of a sward can be simulated, and the pref-
erences of animals for younger ages can be described
mathematically (Hendricksen et al. 1982; McKeon et al.
1982).
GRASP is a single sward model with parameters optimised

for specific pasture communities being the average across a
range of species in the sward. For example, the maximum
nitrogen content of a sward (e.g. 1.7% N for mulga grass-
lands) will be less than the maximum nitrogen content of
some species (e.g. forbs 2.6% N) which are a small fraction
of the sward (Beale 1975). These differences in nitrogen
content are also likely to be reflected in digestibility.
However, whilst simulation models of botanical composition
exist in early developmental stages for some rangeland com-
munities, e.g. Ash et al. (1994), only conceptual models exist
for Mitchell and mulga grasslands (Jones and Burrows 1994;
McArthur et al. 1994). Hence, in this paper the amount of
variation in diet quality from 6 separate grazing trials, which
can be explained by age alone, is examined. The develop-
ment of the diet selection model, as a subroutine within
GRASP, is also described.

Model development
General approach
Model development was performed separately for the
Mitchell and mulga grasslands in 2 stages:

(1) optimisation of the existing GRASP relationship between
the proportion of green in the diet of cattle relative to the
pasture in line with available field data for sheep
(Mitchell grass only);

(2) construction and optimisation of a diet selection subrou-
tine based on the preference and nitrogen content of age
pools of pasture. 

The first stage was necessary as the proportion of green
in the diet influences the GRASP model via its effect on the
green pool, and subsequent pasture growth response to
available soil water. The GRASP model had, until this work
was conducted, been used primarily in conjunction with
either data from exclosures or cattle grazing trials. The
potential for greater selection of green material by sheep

Fig. 1. Schematic representation of flow of pasture through the age
pools of (a) the initial diet selection model; and (b) the final diet selec-
tion model.
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required that the cattle function be tested against available
experimental data, and recalibrated if necessary prior to
development of the diet selection subroutine based on
pasture age pools. The proportion of green material in the
diet was not utilised in this work as an indicator of diet
quality, given the tendency of grazing sheep to have either
0% or 100% of green material in their diet, with few ‘inter-
mediate’ values, as indicated in Fig. 4.

In the second stage, an initial diet selection model was
developed using 7 pasture age pools derived from GRASP sim-
ulations. The first age pool was accumulated daily growth
(kg DM/ha) for a 5-day period. The age of the pool was cal-
culated by weighting for daily growth. After each 5-day

period the age and mass of pasture was passed to the next age
pool; the 7th pool (pasture >30 days) was a terminal pool
weighted for age (Fig. 1a).

Three versions of a diet selection model with a daily time
step were developed and tested. Each model applied the fol-
lowing 3 functions in a different manner (Table 1):

(1) A preference index from the beef production model of
Hendricksen et al. (1982) was used as the starting point
for the differential selection of material from each age
class (Fig. 2a):

Pref = 0.0211 + 0.9789 × exp (–0.0286 × age) (1)

Simulation of sheep diet selection

Table 1. Key features of the three versions of the diet selection model

Preference for each age pool calculated as a function of age (Fig. 2a). Calculations begun with youngest age pool
Preference for each age pool modified by dry matter availability index

Annual dry matter intake of 40 kg DSE assumed to be 400 kg
Nitrogen concentration of material selected from each age pool calculated as a function of age (Fig. 2b)
Nitrogen intake from each pool summed to give daily nitrogen intake

Diet Selection I
Preference for each age pool
recalculated as a ratio of
each pool’s preference to the
sum of preferences for all
age pools

Diet Selection II
Sum of preferences for all age
pools had maximum value of
1.0. Thus final preference for
each pool was the minimum of
the pool preference from Eqn 1
adjusted for dry matter
availability, or (1.0 – provisional
sum of preferences). If sum of
preferences at end of calcula-
tions <1.0, remaining preference
was attributed in a stepwise
method to the oldest pool first
until sum of preferences equalled
1.0

Diet Selection III
As for Diet Selection II but if
sum of preferences at end of
calculations <1.0, remaining
preference (1.0 – sum of
preference) distributed to
those pools having a prefer-
ence >0 as a proportion of
their contribution to the sum
of preference

Fig. 2. Relationship between (a) preference index and age of pasture pool (Hendricksen et al. 1982); and (b) nitrogen
content of the diet from each pasture pool and age of pasture pool (Hendricksen et al. 1982).
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where Pref is the preference rating for a particular age
pool, and age is age in days of material in each pool.

(2) A dry matter availability index, represented by a simple
ramp function, with no restriction when age pools
exceeded 50 kg DM/ha. Below 50 kg DM/ha, the index
declined linearly to a value of 0.0 at 0.0 kg DM/ha.

(3) The nitrogen content of the diet selected from each age
pool (Nit%) was calculated by the following equation
from Hendricksen et al. (1982; Fig. 2b):

Nit% = 0.462 + 3.47 × exp (–0.1024 × age) (2)

Initial work with the diet selection models found that
long intervals occurred when there was no plant growth. All
feed was in the 7th age pool and the weighted age of this
pool did not allow for adequate diet selection in terms of
preference and nitrogen content of diet. Thus, the number of
age pools was increased to 13, the first 11 pools being
updated every 5 days (Fig. 1b). This number of pools with a
turnover of 5 days allowed for a greater range of possible
dietary nitrogen concentrations to occur. The function
describing dietary nitrogen as a function of age produced a
relatively constant value just under 0.5% from approxi-
mately 50 days of age onwards (Fig. 2b). The final 2 age
pools were included to mimic possible carryover of pasture
material from previous growing seasons. On 1 December of
each year, material in Pool 11 was transferred to Pool 12,
and that in Pool 12 to Pool 13. Pool 13 became the terminal
age pool.

The 3 versions of the diet selection models (I, II, and III)
were then incorporated into the GRASP model as subroutines

for further testing. After preliminary work with observed
data, modifications were made to the calculation of nitrogen
concentration of the age pools replacing Eqn 2; new growth
had a set nitrogen concentration, and as it aged, the decline
in nitrogen content was calculated as a linear function of a
growth index (GIX*) with nitrogen decay occurring fastest
under better growing conditions (Wilson 1982):

Rate of nitrogen decay = a – b × GIX (3)

Nit%t = (1.0 – rate of nitrogen decay ) × Nit%t–1 (4)

Fig. 4. (a) Predicted and observed values for green material present in the diet of Lorimer’s (1976) sheep using the opti-
mised GRASP parameter; and (b) predicted green proportion of the diet for sheep grazing at Toorak, north-western
Queensland, for 1970–78, using the optimised GRASP parameter.

* Growth index based on soil water availability, radiation, and temperature represented the percentage of days in which the growth index was at a level ensur-
ing that pasture growth would occur. This variable represents the length of the growing season for areas with a seasonal growth pattern.

Fig. 3. Proportion of green in the diet as calculated using the original
GRASP function for cattle and the optimised function from Lorimer’s
(1976) data for sheep.
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where Nit%t is dietary nitrogen content of pool today, and
Nit%t–1 is dietary nitrogen content of pool yesterday.

Using optimisation software (PEST, Watermark
Computing 1994), each model was then tested against
observed diet selection data. Parameters optimised in each
model included:

• k value dictating the decline in diet preference of pools
with increasing age, being –0.0286 in Eqn 1

• the value at which dry matter availability of each age pool
had no restrictive effect on preference/intake of that pool

• maximum nitrogen content (%) of new growth, and there-
fore the maximum possible nitrogen content of the diet 

• y intercept for rate of nitrogen decay (Eqn 3)
• slope for rate of nitrogen decay function (Eqn 3).

Mitchell grass: proportion of green in diet
The function in GRASP relating the percentage green material
in diet to percentage green material in pasture was based on
the work of Hendricksen et al. (1982) and Ash et al. (1982)
with cattle (Fig. 3).

Lorimer (1976) recorded the percentage of green material
in the diet of sheep at Toorak, north-western Queensland,
with oesophageal fistulations (OF) but did not record the pro-

portion of green material in the pasture. GRASP was used to
generate data on the proportion of green material in the
pasture, and the data of Lorimer (1976) were then used to test
the existing GRASP functions. Optimisation of the original
equation resulted in a new line of best fit (Fig. 3) which dis-
plays the ability of sheep to select more green material rela-
tive to cattle. Lorimer (1976) made 24 observations of which
2 outliers, in terms of predicted v. observed values, were
excluded from the analysis to ensure that the best overall
function resulted from the optimisation process. Fig. 4a
shows predicted and observed values using the optimised
parameter and Fig. 4b shows the predicted proportion of
green in the diet for sheep grazing at Toorak as a time series
during 1970–78. 

Mitchell grass: dietary nitrogen
Following optimisation of the function describing the pro-
portion of green in the diet, the 3 diet selection models were
optimised using Mitchell grassland dietary nitrogen data
from Toorak in north-western Queensland, collected
between 1970 and 1979 (39 observations; Lorimer 1976;
Pritchard et al. 1986; Pritchard 1988), the Burenda grazing
trial (10 observations; McMeniman et al. 1986a, 1986b), and
the Biddenham experiment (11 observations; Orr et al.
1988). One observation in the Biddenham data set, where the
observed nitrogen level was 3.3% (highest level of all data
sets) and the predicted was only 1.27%, was excluded from
the optimisation process as there was no supporting evidence
for such a high quality diet (e.g. botanical composition of the
diet was not available; yield, botanical composition, and fre-
quency of occurrence of species in the pasture were not
available; no rain was reported to fall in the 2 months prior
to dietary sampling; the equivalent observed dietary nitrogen
content for a paddock modified in an attempt to increase the
forb yield was 1.71%). As such, this particular diet observa-
tion cannot currently be explained in terms of climate or
pasture modelling. 

The best results were obtained using the Diet Selection II
model. The optimised parameters (Table 2) were able to
explain 58.1% (P < 0.001) of the variation (all 60 data points,
Fig. 5) and 69.1% (P < 0.001) of the variation (59 data
points, Biddenham outlier excluded) in dietary nitrogen con-
centration of the Mitchell grassland data. The optimised k

Table 2. Parameter values for the Diet Selection II model for Mitchell (two stages of development)
and mulga communities

Parameter/variable Mitchell grasslands Mulga

k value for decline in diet preference with age (Eqn 1)
Level of dry matter availability which no longer restricts

preference or intake from individual age pools (kg DM/ha)
Nitrogen concentration (%) of new growth and maximum

possible concentration in diet
y intercept for rate of nitrogen decay function (%/day; Eqn 3)
Slope for rate of nitrogen decay function (Eqn 3)

–1.0E–10
261

2.39

0.0041
–1.0E–10

–1.0E–10
11.9

2.18

0.0021
–1.0E–10

Fig. 5. Predicted and observed dietary nitrogen levels for Mitchell
grass data using Diet Selection II following optimisation.
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value in Diet Selection II for the pool preference function
(Eqn 1) was the lower boundary of the optimisation process
(–1.0E–10) and represented a constant preference for all
pools irrespective of the age of the pasture. However, in Diet
Selection II, preference calculations begin with the youngest
age pool with ‘sum of preferences’ having a maximum value
of 1.0; hence, there is a forced preference for younger pools.
The optimised value in Diet Selection II for the slope of the
rate of decay function (Eqn 3) was also the lower boundary
of the optimisation process (–1.0E–10) and represents a con-
stant rate of decay irrespective of GIX. A worked example of
the Diet Selection II model for Mitchell grasslands is shown
in Table 3.

Mulga grasslands: dietary nitrogen
A much smaller data set existed for mulga grasslands in
terms of diet selection; 16 observations of dietary nitrogen

were available from the Halton experiment (Beale 1975) and
the Arabella grazing trial (McMeniman et al. 1986a, 1986b).
Application of the Mitchell grass parameters and Diet
Selection II to the mulga data resulted in a non-significant
(P > 0.05) relationship between predicted and observed
values with a consistent underprediction of dietary nitrogen
content.

The observation of Beale (1975) of a dietary nitrogen con-
centration of 3.3% (predicted value 1.1% using Mitchell
grass parameters) was excluded from optimisation as this
level of dietary quality was not supported by the observed
nitrogen content for pasture forbs (1.7%), the availability of
forbs, and overall pasture nitrogen content relative to other
dietary sampling periods.

Optimisation of the Diet Selection II model resulted in
41.9% of the variation in mulga dietary nitrogen concentra-
tion being explained (Fig. 6). The parameters for the mulga

Table 3. Worked example of the Diet Selection II model for Mitchell grasslands (Mitchell grass specific 
parameters are shown in italics)

Initial values for Pool 1: 50 kg DM/ha, 4.2 days Pools 4–11: 0 kg DM/ha
each age pool Pool 2: 100 kg DM/ha, 8.1 days Pool 12: 1000 kg DM/ha, 420 days
(dry matter and Pool 3: 100 kg DM/ha, 12.0 days Pool 13: 0 kg DM/ha
weighted age)

Step 1, Pool 1 Calculate preference for Pool 1:
Pref = 0.0211 + 0.9789 × exp (–1.0E–10 × 4.2) = 1.0

Step 2, Pool 1 Adjust preference for Pool 1 using dry matter availability index (DMAI):
DMAI = min (1.0, 50/261) = 0.19
Pref = 1.0 × 0.19 = 0.19

Step 3, Pool 1 Adjust preference for Pool 1 based on provisional sum of preferences (Sum pref,
initial value = 0), and update provisional sum of preferences (max. value = 1.0):
Pref = min (0.19, 1.0 – 0.0) = 0.19
Sum pref = min (1.0, 0.0 + 0.19) = 0.19

Step 4, Pool 1 Calculate rate of nitrogen decay assuming GIX = 0.6:
Rate of nitrogen decay = 0.0041 – 1.0E–10 × 0.6 = 0.0041

Step 5, Pool 1 Calculate nitrogen content of Pool 1 assuming the nitrogen content of Pool 1
yesterday was 2.35%:
Nit%t = (1.0 – 0.0041) × 2.35 = 2.34%

Step 6, Pool 1 Calculate daily nitrogen intake from Pool 1 assuming daily dry matter intake of
1.1 kg/DSE:
Nitrogen intake/DSE = (0.19 × 1.1) × 2.34/100 = 0.0049 kg N/day

Step 1, Pool 2 Calculate preference for Pool 2:
Pref = 0.0211 + 0.9789 × exp (–1.0E–10 × 8.1) = 1.0

Step 2, Pool 2 Adjust preference for Pool 2 using dry matter availability index (DMAI):
DMAI = min (1.0, 100/261) = 0.38
Pref = 1.0 × 0.38 = 0.38

Step 3, Pool 2 Adjust preference for Pool 2 based on provisional sum of preferences and update
provisional sum of preferences:
Pref = min (0.38, 1.0 – 0.19) = 0.38
Sum pref = min (1.0, 0.19 + 0.38) = 0.57

Step 4, Pool 2 Rate of nitrogen decay for Pool 2 is the same as calculated for Pool 1, i.e. 0.0041
Step 5, Pool 2 Calculate nitrogen content of Pool 2 assuming the nitrogen content of Pool 2

yesterday was 2.31%:
Nit%t = (1.0 – 0.0041) × 2.31 = 2.30%

Step 6, Pool 2 Calculate daily nitrogen intake from Pool 2 assuming daily dry matter intake of
1.1 kg/DSE:

Nitrogen intake/DSE = (0.38 × 1.1) × 2.30/100 = 0.0096 kg N/day

The above steps are repeated for each age pool and the nitrogen intake from each pool summed to give the total daily
nitrogen intake
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model are listed in Table 2 and represent, relative to those of
the Mitchell grass model:

• lower nitrogen concentration of new growth and therefore
maximum concentration in diet

• reduced rate of nitrogen decay
• lower level of dry matter at which preference/intake of age

pools is restricted.

Possible causes for the differences in parameters between the
Mitchell and mulga models include:

• markedly reduced dry matter availability of mulga grass-
land (mean of experimental observations ≈ 425 kg
DM/ha) associations compared with Mitchell grasslands
(mean of experimental observations ≈1400 kg DM/ha)

• mulga leaf on trees and leaf litter were not considered in
the predicted and observed dry matter yields.

Time series
The selected Mitchell and mulga diet selection models,
developed from data pooled for their respective pasture
types, were then used to examine how well individual trials
were simulated (Fig. 7). 

The Mitchell grass model was able to explain 73%
(P < 0.001) of the variation in the Toorak data, although the
higher observed dietary nitrogen levels were not well simu-
lated. The Burenda data sets were obtained from different
levels of utilisation with only 5 records per utilisation. The
model simulated the general trend in observed values,
although the results were not significant (P > 0.05). The
Biddenham data were simulated well, 86.7% (P < 0.001) of
the variation was explained when the observation (3.3%
dietary nitrogen) not used in the optimisation was excluded
from the regression. When this single outlier was included,
the variation accounted for was not significant (r2 = 0.35,
P = 0.547), showing the potential difficulty of developing

diet selection models when data include variation that defies
ecological explanation.

The mulga model was able to explain 51.3% (P < 0.01) of
the variation in the Halton data when the outlier (3.3%
dietary nitrogen) was excluded, and 32.9% (P < 0.05) when
it was included. The time series plot shows that the model
failed to adequately predict the 2 higher levels of dietary
nitrogen (one of which was excluded from the optimisation
process), but in general did a satisfactory job. The Arabella
data set has only 3 data points and the model ranked the 3
points correctly but was unable to simulate the higher dietary
nitrogen concentrations.

The diet selection models were able to account for a high
proportion of variation in observed diets. The most likely
source of outliers were very high nitrogen concentrations
associated with forbs or new growth.

Discussion
This paper described work carried out to produce a diet
selection model that would link with the GRASP model, pro-
ducing dietary variables that would then be available for use
in animal production models.

Modification, and optimisation of the GRASP function
(from Hendricksen et al. 1982 and Ash et al. 1982) for cal-
culating the proportion of green in diet, produced results con-
sistent with generally accepted diet selection theories, i.e. the
greater ability of sheep relative to cattle to graze selectively
(Arnold 1981; Hodgson 1982; Forbes and Hodgson 1985). 

The 3 theoretical diet selection models were initially
based on Eqns 1 and 2 from the beef production model of
Hendricksen et al. (1982), and a dry matter availability
index. Eqns 1 and 2 related the preference (scale 0–1) and
dietary nitrogen content of pasture to the age of that pasture,
respectively. By using 11 age pools (Fig. 1b) in which trans-
fer of material occurred every 5th day, pasture ages at which
the nitrogen content dropped from its maximum to minimum
value (Fig. 2b) were adequately simulated, allowing the
selected dietary nitrogen to cover the range of observed con-
centrations. Pool 11 was a weighted age pool and represented
‘older’ material from the current growing season with the
minimum nitrogen concentration, whereas Pools 12 and 13
represented carryover pasture from previous growing
seasons. The nitrogen content of pasture (Eqn 2) was then
replaced by Eqns 3 and 4. Eqn 3 calculated the rate of nitro-
gen decay as a linear function of a growth index, GIX, occur-
ring fastest under better growing conditions. 

Optimisation of Diet Selection II produced extremely
small k values for Eqn 1, indicating that the best predicted
and observed values were obtained with a constant prefer-
ence for all age pools. However, there was an inherent selec-
tion for younger age pools in Diet Selection II because ‘sum
of preferences’ had a maximum value of 1, with preference
calculated first from youngest to oldest pools. Preference for
subsequent age pools was the minimum of ‘1 – sum of pref-

Simulation of sheep diet selection

Fig. 6. Predicted and observed mulga dietary nitrogen concentrations
using Diet Selection II mulga parameters.
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Fig. 7. Time series comparison of predicted and observed dietary nitrogen concentrations for Toorak, Biddenham,
Burenda (30 and 50%), Arabella, and Halton using Diet Selection II and the appropriate parameters.
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erences’ or the preference calculated using Eqn 1.
Optimisation of Diet Selection II also produced parameters
for Eqn 3 which represented a constant rate of decay irre-
spective of GIX. Thus, although rapid growth may dilute
nitrogen content of overall pasture, it does not affect the
nitrogen content of the selected diet. 

Extreme outliers in terms of predicted and observed
dietary nitrogen concentrations (Fig. 7) may represent diets
composed of a large proportion of forbs with high nitrogen
contents. For example, in Lorimer’s (1976) data the dietary
nitrogen contents greater than 2.5% all occurred when what
was classified as ‘other forbs’, when measured (3 out of 5
observations), were the single largest component of the diet.
Similarly, high dietary nitrogens (>2.5%) at Biddenham
were associated with high forb content in the selected diet
(Orr et al. 1988).

Differences between the parameters optimised for the
Mitchell and mulga data sets represented lower nitrogen con-
centration from mulga new pasture growth, slower rate of
mulga nitrogen decay, and a very low level of mulga pasture
at which preference for each pool is affected by the dry
matter availability index. The marked differences in Diet
Selection II parameters for Mitchell and mulga data sets
(Table 2) highlight the main difference in these 2 pasture
communities. Mulga leaves, when available, may form a
major dietary component, especially during periods of
pasture shortage. The failure to measure/estimate the avail-
ability of mulga leaves would appear to be a major problem
in grazing experiments conducted in mulga grasslands. The
underlying assumption in this mulga dietary work is that the
availability of mulga to grazing sheep is a constant resource,
with no allowance for the dynamic nature and feedbacks
operating within this ecosystem, such as the yield of mulga
being inversely proportional to pasture yield. The height of
available mulga forage is also important, with leaves above
a certain level being unavailable to browsing sheep. Further,
the mulga data set was limited in size. 

Overall, Diet Selection II, optimised for the Mitchell and
mulga data sets, accounted for a reasonable amount of the vari-
ation in dietary nitrogen, although there was a failure to simu-
late some of the higher recorded dietary nitrogen
concentrations which are likely to be associated with high forb
content diets. The studies also showed that a diet selection
model developed for cattle grazing subtropical woodlands
could be adapted for sheep grazing the 2 major vegetation com-
munities of western Queensland. This suggests that the model
may be adapted to other plant communities provided the nec-
essary diet selection data are available. Further development of
GRASP to simulate botanical composition, or major species
groups (e.g. perennial grasses, annual grasses, browse, forbs,
legume species), is also likely to lead to improvements in the
modelling of diet selection. Similarly, a more comprehensive
understanding of the nitrogen cycle in these pasture communi-
ties would allow this key process to be better incorporated in

the GRASP model. This would allow the equations presented
here to be revised, particularly with regard to seasonal fluctua-
tions in available soil nitrogen and the resulting nitrogen con-
centration in components of the pasture.
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