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Executive summary
Australia’s highly variable climate means there is large variability in the supply of forage for livestock. Mixed
farmers can utilise a range of feed sources on their farms to help mitigate the risks associated with this
climate variability and to maximise their livestock production.
This analysis combined long-term simulations of key forage sources on mixed farms across 6 locations
(representing the key agro-climatic zones spanning Australia’s mixed farming regions) to examine the risk of
feed gaps occurring under a range of combinations of forages contributing to the farm feedbase. Models
were used to predict monthly forage supply provided by temperate annual and perennial pastures,
dualpurpose crops, cereal stubbles, lucerne, tropical grasses, forage oats and forage lablab. The monthly
wholefarm energy balance was calculated from the supply of energy provided from these forages and the
energy demand from typical livestock enterprises in each district. This was used to predict 3
complementary statistics of feed gaps or periods of feed supply shortages; the frequency of months when
feed supply was less than feed demand, the frequency of periods when the farm feed balance was
negative, and the frequency of months when the stock of available forage on a farm fell below a minimum
threshold of 500 kg DM/ha.
The analysis showed that incorporating a diversity of forages into a farm feed system can greatly reduce the
frequency of feed gaps on mixed farms in a range of agro-climatic regions. At all locations examined there
were benefits for potential farm productivity and risk mitigation by increasing the diversity of forage
sources available on mixed farms. Systems relying on only one feed source were prone to higher risk of
feed gaps and hence would often have to reduce stocking rates to mitigate these risks. Higher stocking
rates could be maintained while limiting risk when combinations of other feed sources were introduced
into the feedbase. In all cases we found diminishing returns from making the feedbase more complex, with
combinations of 2-3 components typically achieving the most of the benefits in terms of reducing the risk of
feed gaps.
Even in stubble-retention farming systems in southern Australia, stubbles were found to be a particularly
important forage resource for managing periods of low feed supply from other sources during summer and
autumn. Making stubbles available was highly valuable for reducing grazing pressure and low pasture cover

on other parts of the farm and avoiding whole-farm feed deficits where supplementary feeding or
destocking would be necessary. Dual-purpose crops and perennial pastures such as lucerne and temperate
grasses which provided autumn and winter forage were also effective at providing more continuous supply
of fresh forage and complemented stubbles to further reduce risk in southern mixed farm feed systems. At
the subtropical location (Roma) feed gaps were more common in winter and spring, in contrast to the
southern locations, and hence the addition of summer feed sources had little benefit. Instead, oats
provided high quality winter forage at Roma that was found to be highly valuable for regularly filling these
feed gaps and enhancing the potential livestock productivity in this region.
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1

Introduction

Year-to-year variability and seasonality in forage supply cause a mismatch between forage supply and
animal demand in many livestock production systems in Australia (Moore et al. 2009). This induces
inefficiencies in production due to excess feed that is wasted or to unmet animal demand. Producers are
often compelled to adopt more conservative stocking rates to ensure the risk of feed deficits or the
associated costs (e.g. supplementary feeding) remain low. Hence, strategies and tactics that can be
employed by farmers to provide feed at times when forage quantity and quality are low and fill these feed
gaps can offer significant opportunities to increase livestock productivity by enabling better utilisation of
pastures and reduce risk and costs of production.
Mixed farms can utilise a wide variety of forage sources including sown pastures, crop residues, forage
crops and dual-purpose crops. Low-input annual-based pastures constitute the major feed source over
much of southern Australia, while in the subtropics and higher rainfall areas this often includes naturalised
or sown perennial grasses. There is interest in the potential of dual-purpose crops and of perennial grasses
and legumes to complement existing feed systems on mixed farms. At the same time, the increase in no-till
and stubble retention practices across much of Australia’s cropping zone (Llewellyn et al., 2012) has meant
that farmers are less willing to utilise their crop residues for grazing livestock. Diversifying feed systems to
include a number of these options can have large benefits for overcoming feed gaps and enable overall
stocking rate and productivity to be increased.
However, simple economic analyses, such as gross margins or partial budgets or static models are
inadequate to capture the interactions and dynamics of feed supply and demand over time and fail to
capture climate-driven risks (Bell et al. 2008). Simulation models provide a useful tool to explore likely
production outcomes over a range of climatic conditions and hence analyse risk and returns from
alternative systems. A range of simulation models are available to predict forage supply from many of the
key feedbase elements on mixed farms across Australia.
This report describes an analysis that estimates whole-farm feed balance where the mix of forages in the
feedbase and livestock demand can be altered to explore the outcomes over a range of climate conditions.
This was used to explore how utilising a diversity of common feed sources impacts on the timing, likelihood
and severity of feed gaps across a diversity of mixed farming systems in Australia’s crop-livestock zone.

2

Methods

2.1

Estimates of whole-farm feed balance

A spreadsheet analysis tool (the Farm Feedbase Risk Calculator) was developed to compare estimates of
whole-farm forage supply and livestock demand over a wide range of seasonal conditions. The calculator
was used to evaluate the frequency, timing and size of feed gaps across 6 locations representing a diversity
of production environments in Australia’s mixed crop-livestock farming zone. This tool utilised a database of
long-term (1957-2010) simulated monthly production and quality of key forage sources derived from a
combination of forage and pasture simulation models; APSIM (oats, lucerne, dual-purpose crops, crop
stover and sown tropical pastures), GrassGro (annual legume-based pastures, temperate perennial
pastures) and GRASP (tropical grass pastures). Combinations of the livestock-available energy supply from
these various forages making up a whole-farm feedbase were then compared against the monthly feed
demand for typical livestock enterprises in each district on a metabolizable energy basis. Monthly livestock
demands were calculated based on animal energy requirements for each class of stock accounting for
annual growth, lactation and pregnancy cycles for the livestock system and forage quality. Hence, surplus or
deficit of feed grown on the whole-farm could be estimated on a monthly basis. To account for carryover of
feed from one month to the next, any monthly surplus forage was carried forward to the subsequent
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month, but to account for senescence, detachment and breakdown of forage biomass over time we
assumed a constant proportion of 0.66 of any monthly forage surplus was transferred to the next, following
the approach used in the MLA Feed Demand Calculator (Meat and Livestock Australia 2004). Because the
forage balance was calculated on a whole-farm basis rather than for each feedbase component individually,
utilisation of forages was assumed to be proportional with their relative contribution to farm forage supply
in a given month. Sources of forage with a limited lifespan (for example dual-purpose crops or stubbles)
were assumed to be utilised first, however, leaving other forage sources for later consumption.
Feed gaps or periods of feed supply shortages were identified using three complementary statistics:
1. The frequency of months when feed supply was less than feed demand, i.e. there was a monthly
deficit in fresh feed supply. This statistic indicates periods when carry-over forage will be needed.
2. The frequency of periods when the farm feed balance was negative, i.e. months when there was
insufficient forage available, including that carried forward from previous months, to meet livestock
demand for that month. This statistic indicates periods when supplementary feeding or reductions
in stock numbers would be necessary to avoid losses in livestock condition and/or risks of land
degradation due to low ground cover.
3. The frequency of months when the stock of available forage on a farm fell below a minimum
threshold (note that this does not necessarily directly relate to the actual biomass cover that may
be present, because senesced or very low quality biomass components were considered to be
unavailable for grazing and so were not included). In this analysis this minimum forage threshold
was set to 500 kg/ha indicating periods when livestock performance may be reduced and ground
cover levels might be declining to levels where erosion risk would be increased.

2.2

Estimates of livestock enterprise demand

Monthly energy requirements across a range of forage qualities (from 6 MJ ME/kg to 12 MJ ME/kg) were
derived from the MLA Feed Demand Calculator (Meat and Livestock Australia 2004) for each livestock
enterprise. For simplicity, the average quality of forage available to livestock each month over the whole
farm was used to calculate the forage and energy demand for the whole livestock enterprise.
All livestock enterprises were based on a self-replacing breeding enterprise where progeny were sold, and
sufficient replacements were kept to replace a female replacement cull of 1/8 cows each year and 1/6 ewes
each year. In the breeding enterprise rams were included at a ratio of 1 per 80 ewes and 1 bull per 40 cows.
Details of the different core breeding enterprises and their associated joining date, weaning date and sale
dates for progeny and cull stock and the weaning rate are provided in Table 1. Livestock enterprises were
static and did not allow for tactical adjustments to numbers in response to seasonal conditions. While
livestock trading or flexible stocking rates are clearly response options available to farmers, the intention
Table 1. Description of the base livestock enterprises used to estimate feed demand on mixed farms at 6 locations.
LOCATION

ROMA, QLD

TEMORA, NSW

KATANNING, WA

WAIKERIE, SA

CHARLTON, VIC

HAMILTON, VIC

Livestock
Enterprise

Bos indicus
cross cow-calf
herd

Dual-purpose
Merino ewe
flock

Dual-purpose
Merino ewe
flock

Dual-purpose
Merino ewe
flock

Dual-purpose
Merino ewe
flock

Crossbred
ewefat lamb
flock

Joining period

1 Jan - 15 Mar

1 Feb - 15 Mar

1 Feb - 15 Mar

15 Nov - 15 Jan

1 Mar - 15 Apr

1 Feb - 15 Mar

Weaning date

1 Jun

15 Oct

15 Oct

15 Aug

15 Nov

15 Oct

Weaning rate

0.90

1.00

0.85

0.85

1.00

1.20

Progeny sale date

1 Jul

1 Apr

1 Apr

1 Dec

1 Mar

1 Apr

Cull date

1 Mar

1 Feb

1 Feb

1 Dec

1 Feb

1 Feb
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here was to investigate risk of feed gaps for a core breeding enterprise and how these might be managed
through forage supply interventions.
At each location, 3 farm stocking rates (SR) were set to assess risk and response under high to low animal
energy demand scenarios. The high stocking rate was chosen to result in a whole-farm feed deficit
occurring in 18% of months on the base feed source in each region. The moderate stocking rate was then
set to be 75% of the high SR, and the low SR was set to be 75% of the moderate SR. The resulting stocking
rates and the associated mean utilisation rates and frequencies of months with a feed deficit under the
base forage source scenarios are shown in Table 2.
Table 2. High, moderate and low stocking rates for livestock enterprises at 6 locations across the mixed farming zone,
the corresponding mean utilisation rates, and the frequency of months with a feed deficit for feedbases consisting of
only the base forage source at each location.
LOCATION

STOCKING
RATE

PASTURE
HA/BU†

AE†/ PASTURE HA

DSE†/ PASTURE HA

MEAN
UTILISATION§

FREQUENCY OF MONTHS
WITH FEED DEFICIT

Roma, Qld

High

3.11

0.79

5.56

0.52

0.18

Mod

4.15

0.60

4.17

0.39

0.11

Low

5.56

0.45

3.12

0.29

0.08

High

0.32

1.36

9.52

0.49

0.18

Mod

0.43

1.02

7.11

0.36

0.11

Low

0.58

0.75

5.23

0.27

0.06

High

0.43

0.93

6.49

0.57

0.18

Mod

0.57

0.70

4.87

0.43

0.12

Low

0.79

0.51

3.54

0.31

0.07

High

0.18

2.66

18.6

0.69

0.18

Mod

0.25

2.00

14.0

0.52

0.06

Low

0.33

1.46

10.2

0.38

0.02

High

1.70

0.22

1.53

0.51

0.18

Mod

2.28

0.16

1.15

0.38

0.12

Low

3.13

0.12

0.84

0.28

0.08

High

0.39

1.10

7.70

0.44

0.18

Mod

0.52

0.83

5.80

0.33

0.10

Low

0.71

0.60

4.23

0.24

0.04

Temora, NSW

Charlton, Vic

Hamilton, Vic

Waikerie, SA

Katanning,
WA

†DSE

– Dry sheep equivalents (i.e. 45 kg wether or dry ewe), AE – Adult cattle equivalents (i.e. 400 kg steer or dry cow); BU – breeder unit §Wholefarm total annual livestock demand (kg DM/ha) divided by total annual farm forage supply (kg DM/ha)

2.3

Forage supply scenarios

At each location the base forage source consisted of a widespread pasture type in each region, and 4
additional forage source interventions to the feedbase were considered (Table 3). In broad terms, these
feedbase interventions included:
•

intensification of base pasture production, through either increasing inputs or adding an improved
perennial grass
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•
•

adding a legume which provides out-of-season forage (e.g. lucerne)
grazing of a cereal during winter (dual-purpose cereal at most location, forage oats at Roma)

Table 3. Details of the base forage source and alternative feed sources introduced into the feedbase on a mixed farm
at 6 locations.
LOCATION

BASE FORAGE

INTENSIFY
PASTURE
PRODUCTION

OUT-OF-SEASON
LEGUME

Roma, Qld

Buffel pasture

25% improved
subtropical
grass (P)

25% medics in 10% oats (O)
base pasture (M)

Temora, NSW

Annual pasture

25% phalaris 25% lucerne (U)
pasture (P)

25% dual-purpose
wheat (Dw)

25% stubble n/a
grazing (Sw)

Charlton, Vic

Annual pasture

25% high input
annual pasture
(P)

25% lucerne (U)

25% dual-purpose
wheat (Dw)

25% stubble n/a
grazing (Sw)

Hamilton, Vic

50% Annual pasture
50% Ryegrass

25% tall fescue 25% lucerne (U)
pasture (P)

25% dual-purpose
wheat (Dw)

25% stubble n/a
grazing (Sw)

Waikerie, SA

Annual pasture

25% high input
annual pasture
(P)

25% lucerne (U)

25% dual-purpose
wheat (Dw)

25% stubble n/a
grazing (Sw)

Katanning, WA

Annual pasture

25% phalaris 25% lucerne (U)
pasture (P)

25% dual-purpose
wheat (Dw)

25% stubble n/a
grazing (Sw)

•
•

WINTER CEREAL
FORAGE

CEREAL
STUBBLE

IN-SEASON
LEGUME

n/a

10% Lablab
(Lb)

grazing of cereal crop stubbles
at Roma only, providing a high quality summer forage crop (lablab)

Each of these feed sources was introduced to the feedbase individually and then in a full set of
combinations until all options had been provided simultaneously; 16 combinations were therefore analysed
at each location. In the case of the dual-purpose crop grazing and stubble grazing, when these were
provided in combination they were assumed to be obtained from the same land area. When 25% of land
was allocated to dual-purpose wheat (Dw) and 25% to cereal stubbles (Sw), these forage sources were
provided from the same land and the remaining 75% of land was allocated to the base annual pasture or to
other forage sources.
The set of feedbase combinations analysed for each location (other than Roma) was therefore:
Number of forage sources in the feedbase
1

2

3

4

5

Base only

Base + P

Base + P + U

Base + P + U + Dw

Base + U

Base +P + Dw

Base + P + U + Sw

Base + P + U + Dw +
Sw

Base + Dw

Base + P + Sw

Base + P + Dw + Sw

Base + Sw

Base + U + Dw

Base + U + Dw + Sw

Base + U + Sw
Base + Dw + Sw

At Roma the lucerne forage intervention (U) was replaced with medics (M), Dw with oats (O) and cereal stubbles (Sw)
with lablab (Lb).

2.4

Simulations of monthly growth of forages

For all forages cumulative monthly growth (i.e. net primary production or the sum of total growth not
including losses to senescence) was simulated using APSIM (Holzworth et al. 2014), GRASP (McKeon et al.
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1990) and GrassGro (Moore et al. 1997) for the various forage sources under management that reasonably
predicted likely biomass production from each. Climate files were obtained from the SILO database for each
location and simulations undertaken from 1956 to 2010. The first year of simulated forage growth was
Table 4. Details of the soil types in each location used in simulations of forage production.
LOCATION

APSOIL # - SOIL TYPE

LATITUDE AND LONGITUDE
OF
CHARACTERISATION

WHEAT PAWC
(MM)

LUCERNE
PAWC * (MM)

Roma, Qld

81-Grey Vertosol

27.779 S, 150.224 E

148

242

Temora, NSW

913 – Red Chromosol

34.409 S, 147.531 E

147

221

Charlton, Vic

736 - Clay Loam

36.261 S, 143.349 E

130

304

Hamilton, Vic

Clay Loam

n/a

208

208

Waikerie, SA

341 - Deep sand over sandy clay loam

34.496 S, 140.573 E

118

150

Katanning, WA

464 - Deep sandy loam

33.796 S, 119.20 E

83

124

* Plant-available water content (PAWC) for lucerne and other perennial pastures was water content at drained upper limit minus water content at
15 bar water potential throughout the whole documented soil profile (to 1.5-1.8 m depth)

removed to allow equilibrium to be reached and reduce the influence of initial conditions. Characterised
soils from the APSoil database which correspond to each region and forage source were used in simulations
(Table X).

2.4.1 TEMPERATE PASTURES
Forage supply by temperate pastures was modelled with the GRAZPLAN pasture growth model using the
GrassGro software (Moore et al. 1997). At each location except Roma, a representative mixed pasture was
modelled as the “base” feedbase: barley grass + subterranean clover at Temora; barley grass +
subterranean clover + capeweed at Charlton; perennial ryegrass + annual ryegrass + subterranean clover at
Hamilton; barley grass + annual medic + capeweed at Waikerie; and annual ryegrass + subterranean clover
+ capeweed at Katanning.
An “intensified” temperate pasture was also modelled with GrassGro at these 5 locations. At Charlton and
Waikerie, a high-input annual pasture was modelled by increasing the soil fertility scalar by 0.15 points on a
0-1 scale. At Temora and Katanning, phalaris pastures (in mixture with barley grass and subterranean
clover) were modelled; the phalaris was modelled as having deeper root than the annual species but the
fertility scalar was not changed from that of the base pasture. At Hamilton, where the base pasture already
had a perennial component, a summer-active perennial grass (tall fescue) was modelled in mixture with
annual ryegrass and subterranean clover.
All simulated pastures were grazed by a self-replacing Merino enterprise; stocking rates were set to
moderate-to-high levels, and other attributes of the grazing system (soil fertility levels, reproductive
management, supplementary feeding etc) were taken from the nearest representative location in the study
by Moore & Ghahramani (2013). Pasture quality for each of these pastures was output monthly and the
monthly mean over the 50 simulated used to define the annual cycle in pasture quality.

2.4.2 DUAL-PURPOSE CROPS
APSIM was configured to simulate wheat crop growth prior to floral initiation (GS30) after which no further
biomass was available for grazing. A dual-purpose variety (cv. Wedgetail) was sown if 25 mm fell over 5
days after 15 March and before 14 May. After 15 May until 1 July a regionally relevant spring variety was
sown (Chara at Hamilton; Yitpi at Charlton, Waikerie and Temora; Wyalkatchem at Katanning). Fertilizer
was provided with 100 kg N/ha at sowing and soil N set to 50 kg nitrate-N/ha on 1 February each year.
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Crops were grazed with 15 DSE/ha after crop had reached 1 t DM/ha and were removed once the crop
reached GS30 or biomass fell below 300 kg/ha. Forage quality for wheat during this vegetative phase is high
and was assumed to be 80% digestible.

2.4.3 CEREAL STUBBLE
APSIM outputs of stubble or stover remaining at wheat harvest were predicted from grain-only crops. In
most locations these consisted of a spring cultivar sown in May to early June (Yitpi – Northern Victoria,
South Australia, Southern NSW; Wyalkatchem – Western Australia); the exception was Hamilton where a
long-season winter variety (Wedgetail) sown early was included as an option (using the same rules as for
dual-purpose crops). Stubble was made available to the whole farm forage pool in the month of grain
harvest and 8% or less was remaining by the time crops were sown the following year. For simplicity, spilt
grain and fallow weeds were not included as a component of the forage provided by stubble although they
can be important for driving energy supply and animal performance when grazing stubbles.

2.4.4 LUCERNE
The APSIM-Lucerne model (Robertson et al. 2002) was used to simulate forage growth from a long-term
lucerne stand. Cultivar Trifecta was sown with a stem density of 120/m2 at the start of the simulation. To
approximate the typical rotational grazing of lucerne with high stock intensities, it was cut whenever
lucerne reached mid-flowering or biomass of > 2500 kg/ha to maintain it in a vegetative growth phase.

2.4.5 SUBTROPICAL IMPROVED GRASS
The APSIM-Bambatsi model (Paydar et al. 2005) was used to simulate monthly forage growth from a
longterm improved tropical improved grass pasture. A Bambatsi stand of 10 plants/m2 was established at
the start of the simulation. When Bambatsi biomass reached 3.5 t DM/ha, 60% of the leaf and 40% of the
stem were removed to simulate periodic grazing events.

2.4.6 OATS
The APSIM-Oats model (Peake et al. 2008) was configured to simulate forage oat growth following a
summer fallow. Cultivar Coolibah was sown at 120 plants/m2 after 1 April when 20 mm of rain over 5 days
and 60 mm of available soil water was present, but the crop was sown on 1 Jul each year if these sowing
conditions had not been met previously. The crop received 80 kg of N at sowing and to simulate grazing
whenever the oats reached flowering or had grown more than 3 t DM/ha the crop was cut to 30 cm leaving
~1.5 t DM/ha and 50% of biomass was removed. The oat crop was terminated when maximum
temperatures exceeded 35oC or when the crop had reached maturity. Soil water and nitrogen were not
reset during the simulation and hence a fallow was maintained outside the growing season which
accumulated soil moisture.

2.4.7 LABLAB
The APSIM-Lablab model (Hill et al. 2006) was configured to simulate forage growth from an annual lablab
following a winter fallow. Lablab cultivar Highworth was sown at 20 plants/m2 after 20 Oct when 20 mm of
rain over 3 days and 60 mm of available soil water was present; the forage crop was sown on 15 Dec each
year if these sowing conditions had not previously been met. To simulate grazing whenever the lablab
reached flowering or had grown more than 4 t DM/ha the crop was cut to 30 cm leaving ~1 t DM/ha and
50% of biomass was removed. The lablab crop was terminated when minimum temperatures fell below 5oC
or on 31 July. Soil water and nitrogen were not reset during the simulation and hence a fallow was
maintained outside the growing season which accumulated soil moisture.
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3

Results & discussion

3.1

Frequency of deficits of monthly fresh feed supply

Periods when monthly feed grown are less than feed demand occurred regularly across regions, typically
ranging from 43-50% of months under the high stocking rate scenarios on the base pasture. This is a
product of the high seasonality in forage growth across the mixed farming zone and indicates that meeting
livestock demands often relies on utilising surplus standing feed from previous months. Nonetheless, this
standing forage typically has declining quality and hence mixtures of forage sources that provide greater
continuity of fresh feed supply would maintain higher quality of forage available to livestock and ensure
that less forage is wasted.

Figure 1. Frequency of months when monthly feed supply is less than feed demand under a diversity of feed-base
combinations at high stocking rates across 6 locations in Australia’s mixed farming zone. Dotted line indicates the
lowest risk scenarios at each level of feed-base complexity.
Additional feed sources: P - 25% of area with enhanced/higher input pastures (e.g. improved perennial grass or high-input annuals); U – 25% of
area with lucerne, M – 25% with annual medics added to perennial grass pasture; Dw – 25% dual-purpose wheat; Sw – 25% cereal stubble; O – 10%
forage oats; Lb – 10% forage lablab. Note: scenarios with forage available from crops (i.e. Dw and Sw) the crop area did not replace the area of
other forage sources so that stocking rate per pasture area (not including crop area grazed) was consistent.
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Figure 2. Frequency of fresh feed deficits over the course of the year under the best combination of feed sources for
each level of feed-base complexity at high stocking rates across 6 locations in Australia’s mixed farming zone.
Additional feed sources: P - 25% of area with enhanced/higher input pastures (e.g. improved perennial grass or high-input annuals); U – 25% of
area with lucerne, M – 25% with annual medics added to perennial grass pasture; Dw – 25% dual-purpose wheat; Sw – 25% cereal stubble; O – 10%
forage oats; Lb – 10% forage lablab (see Table 3). Note: scenarios with forage available from crops (i.e. Dw and Sw) the crop area did not replace
the area of other forage sources so that stocking rate per pasture area (not including crop area grazed) was consistent.

Across all locations, adding more feed sources to the feed base effectively reduced the frequency of deficits
in monthly fresh feed supply (Fig. 1). In southern Australia, fresh feed deficits occurred in 12-15% fewer
months under the best combinations of forages while at the subtropical location (Roma) they were reduced
by 30%. At Charlton, Waikerie and Temora, additional benefits were observed each time an additional
forage source was added to the feed-base until all 5 forage sources simulated were used in combination
(Fig. 1b, 1c, 1e). At Roma, Hamilton and Katanning, on the other hand, little further benefit was achieved
once 2-3 additional forages were added to the feedbase (Fig. 1a, 1d, 1f).
Figure 2 shows the time of the year when deficits in fresh feed supply were most common at each location.
All southern locations had periods of fresh feed deficits in the majority of years (50-90%) during summer
months and early autumn (March) irrespective of the feed interventions that were put in place. During
winter and spring (the dominant growing season) the fresh feed supply provided by the ‘base’ pasture was
typically adequate to meet livestock demand; the only exceptions were during July and August at Temora
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and Hamilton, where 25-30% of years there was a deficit in fresh feed supply, and at Waikerie where fresh
feed deficits throughout the winter-spring period occurred in 30% of years (Fig. 2e). The northern
subtropical location (Roma) had a vastly different base pasture forage supply from the southern locations
due to the summer dominant growth in this region. On the base pasture, fresh feed deficits during the
winter months (May-Aug) occurred in >80% of years and even during the summer and autumn months
they occurred in 20-50% of years due to the unpredictability in timing of rainfall in this region.
In most cases, feed sources that could provide fresh forage outside the main growing season were the most
useful at overcoming deficits monthly deficits in energy supply. The most effective were lucerne (U) in the
regions with Mediterranean climates (Waikerie, Katanning, Charlton), dual-purpose wheat at Hamilton,
Katanning and Temora, forage oats at Roma and improved perennial grasses at Roma and Temora. While
lucerne filled gaps in fresh feed supply during late spring and early summer in locations such as Katanning,
Waikerie and Charlton, it had little effect on reducing the frequency of feed gaps during late summer or
early autumn (Fig 2c, 2e, 2f); at Katanning lucerne did reduce the frequency of fresh feed gaps in April and
May by 10-20% (Fig 2f). Dual purpose wheat was effective at reducing the frequency of fresh feed gaps
during June and July at Temora and Hamilton (Fig 2b and 2d). Grazing of stubbles also provided a valuable
feed source during early summer in many locations. At Roma, forage oats was highly effective for providing
fresh feed during winter and spring and an improved perennial grass with a longer growing season was able
to provide fresh feed longer into summer and autumn (Fig 2a).

3.2

Frequency of forage available below 500 kg DM/ha threshold

The frequency with which available forage (averaged across the grazed area of the farm) fell below a
threshold of 500 kg DM/ha was used as an indicator of the frequency of periods of low ground cover and
also of reduced animal forage intake and performance. This occurred regularly across all locations for the
scenarios where the feedbase consisted of base pasture only, typically ranging from 43-50% of months
under the high stocking rate scenarios. The exception was Waikerie, SA, a low rainfall environment (250
mm mean annual rainfall), where available forage was less than 500 kg in 80% of months. Lowering stocking
rates reduced the frequency of this occurrence significantly at some locations, but less at others. For
example, at Temora on the base pasture-only feedbase the frequency when forage available fell below 500
kg DM/ha reduced from 43% under high stocking rate, to 33 % under moderate stocking rate (25% lower)
and 24% under the low stocking rate scenario. At Waikerie, however, reducing stocking rates to low levels
only reduced the frequency from 80% to 76%.
Across all locations, adding more feed sources to the feed base effectively reduced the frequency of forage
availability falling below this threshold by between 20 and 35% (Fig. 3). At Charlton, Waikerie and Katanning
– a different set of locations than for short-term deficits – additional benefits were observed each time
additional forage sources were added to the feed-base until all 5 forage sources simulated were used in
combination (Fig 3c, e, f). On the other hand, little further benefit was achieved once 2-3 additional forages
were added to the feedbase at Roma,Temora or Hamilton (Fig 3a, b, d).
The addition of stubble grazing to the feed-base had the largest effect on reducing the likelihood of forage
availability falling below the 500 kg/ha threshold at Temora, Charlton, Hamilton and Waikerie. At these
locations the further addition of dual-purpose wheat in combination with stubble grazing was able to
reduce the frequency still further (by 20-30%) (Fig 3). The dual-purpose crop and stubble grazing provided
an additional forage source without compromising the pasture area available for grazing at other times of
the year, and meanwhile buffered against periods of low pasture availability and low ground cover.
Figure 4 shows the frequency throughout the year when forage availability is most likely to fall below 500
kg/ha under the best feed-base compositions at each location. Under base pasture-only scenarios in the
southern locations the period of highest risk of low forage availability increased during early summer to a
maximum in Feb to April. Allowing stubble grazing effectively reduced the risk of low forage availability
during this period. At Hamilton, there was also a period in July and August when risk of low ground cover
was high (Fig 4d). The addition of dual-purpose wheat grazing reduced risk of low forage availability from
Feedbase strategies that reduce risk of feed gaps on mixed farms across Australia | 9

Figure 3. Frequency of months when farm feed balance falls below a threshold of 500 kg DM/ha under a diversity of
feed-base combinations at high stocking rates across 6 locations in Australia’s mixed farming zone. Dotted line
indicates the lowest risk scenarios at each level of feed-base complexity.
Note the different y-axis scale at Waikerie (e). Additional feed sources: P - 25% of area with enhanced/higher input pastures (e.g. improved
perennial grass or high-input annuals); U – 25% of area with lucerne, M – 25% with annual medics added to perennial grass pasture; Dw – 25%
dual-purpose wheat; Sw – 25% cereal stubble; O – 10% forage oats; Lb – 10% forage lablab. Scenarios with forage available from crops (i.e. Dw and
Sw) the crop area did not replace the area of other forage sources so that stocking rate per pasture area (not including crop area grazed) was
consistent.

May until September, which was much later than it would be available for grazing (typically until July or
early August). This is due to the lower demand that would be placed on pasture over this period and hence
extend the period in spring before pasture availability would be reduced in dry years.
At Roma, under the base pasture-only scenario the risk of low forage availability increased during winter
until reaching a maximum in August and September. Integrating a medic into a warm-season grass pasture
reduced this risk over winter and spring significantly and the further addition of a more productive and
faster spring response from an improved grass pasture reduced this risk further over this period as well as
during spring and summer.
Despite the potential of a diverse feed-base to reduce the risk of low forage availability across the regions,
in the strongly Mediterranean environments there were still periods when low ground cover or forage
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Figure 4. Timing of occurrences of farm feed balance falling below a threshold of 500 kg DM/ha during the year under
the best combination of feed sources for each level of feed-base complexity under high stocking rate scenarios across
6 locations in Australia’s mixed farming zone.
Additional feed sources: P - 25% of area with enhanced/higher input pastures (e.g. improved perennial grass or high-input annuals); U – 25% of
area with lucerne, M – 25% with annual medics added to perennial grass pasture; Dw – 25% dual-purpose wheat; Sw – 25% cereal stubble; O – 10%
forage oats; Lb – 10% forage lablab. Note: scenarios with forage available from crops (i.e. Dw and Sw) the crop area did not replace the area of
other forage sources so that stocking rate per pasture area (not including crop area grazed) was consistent.

availability would reduce animal performance. These occurred in >60% of years at Waikerie from February
to June, and at Katanning from March to May.

3.3

Frequency of monthly feed deficits with carry-over

At all locations, the high stocking rate scenarios were chosen to induce whole-farm feed deficits (including
carry-over) in 18% of months on average. The degree that this could be reduced by lowering stocking rates
by 25% and 45% ranged from 6-12% and 10-16%, respectively (Table 2). In contrast, the feed-system
analysis reveals that altering the mix of forages contributing to the farm feedbase can have large benefits
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Figure 5. Frequency of months when farm feed supply (including carryover) is insufficient to meet livestock demand
under a diversity of feed-base combinations under high stocking rate scenarios across 6 locations. Dotted line
indicates the lowest risk scenarios at each level of feed-base complexity.
Additional feed sources: P - 25% of area with enhanced/higher input pastures (e.g. improved perennial grass or high-input annuals); U – 25% of
area with lucerne, M – 25% with annual medics added to perennial grass pasture; Dw – 25% dual-purpose wheat; Sw – 25% cereal stubble; O – 10%
forage oats; Lb – 10% forage lablab. Note: scenarios with forage available from crops (i.e. Dw and Sw) the crop area did not replace the area of
other forage sources so that stocking rate per pasture area (not including crop area grazed) was consistent.

for reducing the frequency of whole-farm feed deficits, even under high stocking rates. A diversified
feedbase was able to reduce the frequency of whole-farm feed deficits by 16-17% at Temora, Charlton and
Katanning and by 12-14% at Roma, Hamilton and Waikerie. In all cases the frequency of whole-farm feed
deficits was less than 6% of months at all locations under the best feed-base combination, even under the
high stocking rate scenario. At Roma and Temora, additional benefits were observed each time and
additional forage source was added to the feed-base until all 5 forages were used in combination (Fig. 5a &
5b). However, at the other locations little further benefit was achieved once the most effective 2 forages
were added to the feed-base (Fig 5c-5f).
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Figure 6. Timing during the year when farm feed supply (including carryover) is insufficient to meet livestock demand
under the best combination of feed sources for each level of feed-base complexity under high stocking rate scenarios
across 6 locations in Australia’s mixed farming zone.
Additional feed sources: P - 25% of area with enhanced/higher input pastures (e.g. improved perennial grass or high-input annuals); U – 25% of
area with lucerne, M – 25% with annual medics added to perennial grass pasture; Dw – 25% dual-purpose wheat; Sw – 25% cereal stubble; O – 10%
forage oats; Lb – 10% forage lablab. Note: scenarios with forage available from crops (i.e. Dw and Sw) the crop area did not replace the area of
other forage sources so that stocking rate per pasture area (not including crop area grazed) was consistent.

At all sites except Roma, stubble was the highly effective for mitigating the risk of a whole-farm feed deficit.
This clearly demonstrates the importance of stubbles as a feed source during drought periods, despite its
low quality. The addition of either dual-purpose wheat, lucerne or perennial grass pastures in combination
with stubbles further reduced the frequency of farm feed deficits at these locations (Fig. 5b-f). At Roma,
oats was the most effective additional feed source for mitigating the risk of a whole-farm feed deficit, but
additional benefits were observed by complimenting this with a range of other forage sources (Fig. 5a).
Figure 6 shows the time of the year when whole farm feed deficits were most common at each location.
This shows that while whole-farm feed deficits under the high stocking rate base pasture scenario occurred
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in
only 18% of months, there are some times of the year where the risk is much higher. With the
basepasture only feed-base, critical high risk periods were from June to September at Roma (Fig. 5a),
January to
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April at Temora (Fig. 5b), January to May at Charlton (Fig. 5c), February to April at Hamilton (Fig. 5d) and
February to May at Katanning (Fig. 5f). The addition of oats at Roma greatly reduced the frequency of
farm feed deficits during winter and spring and provision of stubbles were highly effective for filling feed
deficits during summer and autumn in southern locations.
In addition to reducing the frequency of whole-farm feed deficits, the diversification of the farm feed-base
reduced the size of the farm feed deficit substantially (Fig. 7). That is when, feed-deficits did occur the
amount of supplementary feed or reduction in stock numbers required was far less. The addition of a single
feed source to the feed-base was able to not only halved (or more) the frequency of a feed deficit but also
halved the size of the feed deficit that occurred.

Figure 7. Probability of exceedence for whole-farm feed deficits (i.e. when feed supply including carryover is
insufficient to meet livestock demand) under the best combination of feed sources for each level of feed-base
complexity under high stocking rate scenarios across 6 locations in Australia’s mixed farming zone.
Additional feed sources: P - 25% of area with enhanced/higher input pastures (e.g. improved perennial grass or high-input annuals); U – 25% of
area with lucerne, M – 25% with annual medics added to perennial grass pasture; Dw – 25% dual-purpose wheat; Sw – 25% cereal stubble; O –
10% forage oats; Lb – 10% forage lablab. Note: scenarios with forage available from crops (i.e. Dw and Sw) the crop area did not replace the area
of other forage sources so that stocking rate per pasture area (not including crop area grazed) was consistent.
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3.4

Feed-base risk and livestock productivity trade-offs

Diversifying the feedbase to include combinations of improved pastures, crop residues and forage crop
grazing demonstrates the capacity to increase stocking rate significantly at the same time as reducing or
maintaining the risk of feed gaps occurring on mixed farms (Fig. 8). While higher stocking rates increase the
risk of a feed deficit, diversified feed-bases were still able to maintain these higher stocking rates at the
same time as lowering the frequency of farm feed deficits than would be achieved under low stocking rates
(i.e. 45% of the high rate) on a feedbase consisting only of the base pasture.

Figure 8. Relationship between frequency of a whole-farm feed deficit and farm stocking rate per pasture hectare
(not including area of crop grazed) under the best combination of feed sources for each level of feed-base
complexity across 6 locations in Australia’s mixed farming zone.
Additional feed sources: P - 25% of area with enhanced/higher input pastures (e.g. improved perennial grass or high-input annuals); U – 25% of
area with lucerne, M – 25% with annual medics added to perennial grass pasture; Dw – 25% dual-purpose wheat; Sw – 25% cereal stubble; O –
10% forage oats; Lb – 10% forage lablab.
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4

Conclusions

This analysis has shown that incorporating a diversity of forages into a farm’s feed system can greatly
reduce the frequency of feed gaps. At all locations examined there were benefits for potential farm
productivity and risk mitigation by increasing the diversity of forage sources available on mixed farms.
Systems relying on only one feed source were prone to higher risk or feed gaps and hence would often
have to reduce stocking rates to mitigate these risks. Higher stocking rates could be maintained while
limiting risk when combinations of other feed sources were introduced into the feed-base. In all cases we
found diminishing returns from making the feed-base more complex, with combinations of 2-3 components
typically achieving most of the benefits in terms of reducing the risk of feed gaps.
Even in stubble retention farming systems in southern Australia, stubbles were found to be a particularly
important forage resource for managing periods of low feed supply from other source during summer and
autumn. Making stubbles available was highly valuable for avoiding whole-farm feed deficits where
supplementary feeding or destocking would be necessary and reducing grazing pressure and the
occurrence of low pasture availability on other parts of the farm. Dual-purpose crops and perennial
pastures such as lucerne and temperate grasses which provided autumn and winter forage were also
effective at providing more continuous supply of fresh forage and complemented stubbles to further
reduce risk in mixed farm feed systems.
In contrast to the southern locations, feed gaps at the subtropical location (Roma) were more common in
winter and spring and hence the addition of summer feed sources had little benefit. On the other hand,
oats providing high quality winter forage was found to be highly valuable at this location.
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