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Abstract

Methane yield (MY) has been adopted internationally to compare natural variation
between animals in the amount of methane they produce relative to their feed intake.
This project measured MY on young Angus bulls and heifers in two pedigreed,
performance-recording research herds. Animals were recorded for MY over a
minimum of two days on a controlled intake of a high roughage-content diet. Results
for 339 animals were obtained. The results show substantial natural variation in
methane emissions between individual animals and significant differences between
sires in methane production by their progeny. Compared to the sires whose progeny
had the lowest average MY, there were sires whose progeny had an average MY
that were 24%, 24%, 16%, 19% and 11% higher across the five groups of cattle
tested. A preliminary estimate for the heritability of MY was moderate, being
approximately 0.3, and similar to animal weight at the age of test. Methane yield was
not strongly associated with phenotypic or genetic variation in standard animal
weight, body composition or fertility traits used the Australian beef cattle genetic
improvement system BREEDPLAN®. These results show that a breeding solution to
reduce methane emissions from beef cattle appears to be possible.



B.CCH.1006 - Genetic improvement of beef cattle for GHG outcomes

Executive summary

Cattle and sheep emit methane, a potent greenhouse gas (GHG), as part of the
fermentation process in their stomach. Enteric emissions from Australian livestock
were estimated to be 55.6 Mt CO2-e or 10.4% of National GHG emissions in 2010.
Over 90% of livestock emissions are from cattle and sheep, and currently beef cattle
are Australia’s largest single source of agricultural emissions. However, less than 5%
of these emissions are amenable to nutritional modification by changes in feeding,
(ie. largely restricted to cattle in feedlots). Traditional selective breeding is the most
wide-reaching tool for lasting reduction in the other 95% of emissions from our
national herd grazing extensive pastures.

The aim of this project was to discover if there was sufficient natural variation
between animals in a methane production trait, like MY, that could enable producers
to breed beef cattle with significantly reduced methane emissions. This was a
collaborative program of research between the NSW Department of Primary
Industries (DPI) and the University of New England (UNE) on methane emissions
from ruminants with funding from the Australian Government under its Climate
Change Research Program and additional funding support from Meat & Livestock
Australia.

The project used two pedigreed, performance-recording research herds of Angus
cattle located at the NSW DPI Trangie and Glen Innes research centres, with
methane measurements on individual cattle being conducted in the cattle animal
houses at the DPI Grafton research centre and on the UNE campus. Young bulls and
heifers were measured for methane production over a minimum of two days, on a
controlled intake of a high roughage-content diet. Standard animal weight, body
composition and fertility measurements used the Australian beef cattle genetic
improvement system BREEDPLAN® were recorded on the tested cattle and their
relatives in the research herds.

Following the methane production test the animals are ranked on MY, and bulls with
low or high MY were selected for breeding to establish unique replicated, divergent
selection lines in Australian beef cattle for evaluation of associations between MY
and other production traits.

The project went to considerable effort to standardise the test protocol. Animals were
prepared for testing on the same ration at all sites and were tested on this ration. The
ration chosen had a high content of roughage and a modest content of energy:
choices made to make the restricted feeding pattern in the test resemble the pasture
intake pattern encountered by grazing cattle in Australia.

Results for 339 animals were obtained. The results show substantial natural variation
in methane emissions between individual animals and that it is possible to find sires
whose progeny naturally produce less methane. Compared to the sires whose
progeny had the lowest average MY, there were sires whose progeny had an
average MY that were 24%, 24%, 16%, 19% and 11% higher across the five groups
of cattle tested. The sire differences provide evidence that there exists genetic
variation in methane yield and demonstrate that sires exist that can be used in cattle
breeding to produce progeny with lower methane emissions.

A preliminary estimate for the heritability of methane yield is presented. In this small
dataset the heritability of MY was moderate, being approximately 0.3, and similar to
animal weight at the age of test. Methane yield was not strongly associated with
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phenotypic or genetic variation in standard animal weight, body composition or
fertility traits used the Australian beef cattle genetic improvement system
BREEDPLAN.

One implication from these results is that it is unlikely to be possible to predict MY for
individual cattle based on simple phenotypic measurements such as weight or
scanned body composition information. Further, selection using current BREEDPLAN
EBV to reduce methane production, particularly MY, in the next generation of cattle
will not lead to a predictable change in MY.

The corollary is that to be able to select to predictably reduce methane emiisions will
require a new breeding value for a methane-related trait, such as MY, to become
available to cattle breeders.

These results show that a breeding solution to reduce methane emissions from beef
cattle appears to be possible. Methane yield appeared to be moderately heritable,
similar to that for animal weight at test age. To use animal breeding to predictably
reduce methane yield may require a new breeding value for a methane-related trait
to become available through the BREEDPLAN system to cattle breeders.
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Background

Cattle and sheep emit methane, a potent greenhouse gas (GHG), as part of the
fermentation process in their stomach. Enteric emissions from Australian livestock
were estimated to be 55.6 Mt CO2-e or 10.4% of National GHG emissions in 2010.
Over 90% of livestock emissions are from cattle and sheep, and currently beef cattle
are Australia’s largest single source of agricultural emissions. However, less than 5%
of these emissions are amenable to nutritional modification by changes in feeding,
(ie. largely restricted to cattle in feedlots). Traditional selective breeding is the most
wide-reaching tool for lasting reduction in the other 95% of emissions from our
national herd grazing extensive pastures.

In ruminants there is a strong positive relationship between feed intake and methane
production. Hence, any animal breeding strategy that reduces feed intake per unit of
product results in reduction of GHG emission intensity. Direct selection for lower daily
methane production (MP) may not be desirable because it could favour lower feed
intake and/or smaller, slower growing animals. Methane intensity (methane
production per unit of animal product such as weight; MP_WT) and methane yield
(methane produced per unit of feed intake; MY) can measure the methane mitigation
achieved independent of animal size and feed intake. For genetic improvement, the
magnitude of phenotypic and genetic variation in these traits and their phenotypic
and genetic associations with other important production traits need to be
determined.

The aim of this project was to discover if there was sufficient natural variation
between animals in a methane production trait, like MY, that could enable producers
to breed beef cattle with significantly reduced methane emissions while maintaining
livestock productivity. This is a collaborative program of research between the NSW
Department of Primary Industries (DPI) and the University of New England (UNE) on
methane emissions from ruminants with funding from the Australian Government
under its Climate Change Research Program and additional funding support from
Meat and Livestock Australia.
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Project objectives

1. By 1 September 2009 have defined the trait to be internationally accepted as the
low methane phenotype for Angus cattle

2. By 1 September 2011 have initial estimates of heritability for the methane trait
based on two generations of genetic improvement

3. By 1 December 2011 have identified positive and negative genotypic
associations between the low methane phenotype and feed intake, growth and
body composition traits

By agreement with MLA in December 2011 the due dates for these objectives and
related milestones have been extended, to 1 November 2011 for objective 2, and 1
March 2012 for objective 3. These changes were agreed to recognising the
unavoidable delay in completion of the new cattle animal house on the UNE campus
and consequent delay in commencement of measuring methane production on large
numbers of cattle.
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Methodology

The project needed to measure the extent of natural phenotypic variation and
underlying genetic variation in methane production traits in beef cattle. In addition,
the project needed to measure these methane production traits and all standard
production traits recorded in Australia’s genetic improvement system BREEDPLAN®
on cattle with known pedigrees.

For these reasons the project choose to use Angus cows in pedigree- and
performance-recorded research herds at the NSW DPI research centres at Grafton
and Trangie NSW. In 2010 it was necessary to relocate the research cow herd from
Grafton to the NSW DPI Glen Innes Research Centre. The Trangie research herd
had a history of breeding for differences in growth rate (Parnell et al., 1997) and net
(or residual) feed intake (feed efficiency; (Arthur et al., 2001)). The Grafton/Glen
Innes research herd had had been formed by retaining female progeny born 2002-
2004 in an Australian Angus Society progeny test program.

The cows had been mated in 2007 to Angus bulls that some years previously had
been recorded for residual feed intake and MY. Bulls that had been identified as
either phenotypically high or low for MY were used as sires in the Grafton herd; sires
that were high or low for net feed intake were used in the Trangie herd. Methane
production by the bulls had been measured using the SF6 tracer method when being
fed at ad-libitum feed intake a 70% grain-content feedlot ration in the Beef CRC
“Tullimba” Research Feedlot as described by (Hegarty et al., 2007). Progeny were
born in 2008 and weaned in 2009.

As near 2-year-old animals in 2010, firstly bull calves from the Trangie herd, and then
heifer calves from the Grafton herd were measured for methane production at the
Grafton Research Centre. There, in individual pens inside an animal house, each
animal had methane production measured using the SF6 method while being fed a
fixed daily allowance of a roughage diet. The amount offered was calculated to
provide 1.2-times the estimated energy requirement for maintenance based on the
animal’'s liveweight at the start of the measurement period. This was done to
minimise day to day variation in daily methane production so increasing power to
detect phenotype differences, and avoid ‘level of feeding’ effects on rate of methane
production per day. After adaptation to diet (14 days), methane production was
measured over 5 x 24h consecutive periods. Some photographs of the Grafton
facility and cattle in the measurement chambers are attached in Appendix 2.

The bulls, then heifers, were split into cohorts of 32 animals. Animals within a cohort
were measured at the same time, with care taken to ensure sires were equally
represented in each cohort. Due to equipment problems during measurement of the
first cohort of Trangie bulls, data from that cohort was not used. Table 1 shows the
numbers of animals with valid methane production records obtained.
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Table 1. Progress in testing animals to end February 2012.
Numbers shown in italics represent numbers yet to be tested.

Year of Method Animals Gen. Seln. Rumen and faecal samples
test for RELRP network
2010 SF6 62 TR bulls 0 Faeces only
73 Gl heifers 0 Faeces only
135
2011 Chamber 75 TR bulls 0 Both
64 Gl bulls .75 Both
65 Gl heifers .75 Both
204
2012 Chamber 80 Gl bulls .75, some 2 Both
Total tested to end 419
Feb. 2012
2012 Chamber 80 Gl heifers .75, some 2 Both
80 TR bulls .75 Both
80 TR heifers .75 Both
To be tested 240
End of June 2012 659
Explanation:

SF6 and Chamber refer to the method used for methane production measurement
TR refers to the southern (Trangie) research herd

Gl refers to the northern (Glen Innes) research herd

Gen. Seln. refers to approximate number of generations of selection.

In 2008 the same bulls and cows were mated but with different assignment of bull to
cows. The progeny were born in 2009 and were to be tested in 2010 in new,
purpose-built respiration chambers on the University of New England (UNE) campus,
Armidale. The project had considerable delays resulting from the slow progress in
completion of the new methane measurement facility on the UNE campus. The
facility opened for methane measurement in April 2011. Some photographs of the
UNE facility and cattle in the measurement chambers are attached in Appendix 3.

In 2011 progeny from both research herds were tested through the UNE chambers.
Table 1 shows the numbers of animals tested in 2011. Preparation of animals for
testing followed the same protocol as used previously. There were 10 test chambers
in the UNE facility. Ten animals at a time were tested over 2 days, with daily feed
intake and MPR in the chambers recorded.

Because of the delay in testing cattle, no matings were made in 2009. In 2010,
matings using new bulls were conducted in both research herds. For both herds,
sires were selected on the basis of high or low MY during their test in 2010. Progeny
were born in 2011 and will be tested for methane traits in 2012. The use of bulls with
low or high MY in separate herds has enabled the project to establish unique
replicated, divergent selection lines in Australian beef cattle for evaluation of
associations between MY and other production traits.

The project went to considerable effort to standardise the test protocol. Animals were
prepared for methane testing on the same ration at all sites and were tested on this



B.CCH.1006 - Genetic improvement of beef cattle for GHG outcomes

ration. The ration chosen has a high content of roughage and a relatively low content
of metabolizable energy (9 MJ/kg DM; see Figure 1). It was offered at a restricted
level of feeding (just above maintenance). Choice of a restricted feeding pattern of a
modest energy feed was chosen to resemble the pasture intake pattern encountered
by grazing cattle in Australia.

Figure 1. The test ration was uniformly Manuka “Blue Ribbon” Chaff® (Quirindi

In addition to methane produced during test (MP; L/day), the traits recorded were age
at start of test (Age; days), animal weight just before start of test (WT; kg), feed dry-
matter intake during test (DMI; kg/day), methane produced per unit of animal WT
(MP_WT; L/kg) and methane yield (MY; L/kg DMI).

Fixed effects analyses were undertaken to identify significant fixed effects for these

traits (year, cohort, sire), with age and weight at start of measurement fitted as
covariates.

10
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Results

Progress in testing animals

Progress in testing pedigreed Angus cattle from two NSW DPI research herds to end
February 2012 is shown in Table 1, along with indicative numbers for cattle to be
tested through to end of June 2012. In addition to the methane and animal production
traits being measured, samples of rumen fluid and faeces were collected for sharing
across the RELRP network.

Means and descriptive statistics for the 339 cattle with valid methane test data
measured in 2010 and 2011 are presented in Table 2.

11
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Table 2. Means and descriptive statistics for the N=339 animals tested for methane

production traits.

The animals are Angus heifers in 2010 and heifers and bulls in 2011 from the NSW
DPI Glen Innes research herd, and Angus bulls in 2010 and 2011 from the NSW DPI
Trangie research herd.

Trait Mean Std Dev Maximum Minimum N
Age 691 77 822 537 339
WT 483 73 670 316 339

DMI 7.7 1.0 9.5 4.8 339

MP 229 51 516 70 339

MP_WT 0.48 0.10 0.88 0.21 339

MY 30.1 6.5 58 22 339

EMA 62.6 6.1 80 35 266

Fat_p8 4.7 4.7 32 1 266

Fat 12 13 3.3 3.0 18 1 266

IMF 3.3 1.3 7.2 1.6 264

EBV_Bthwt 4.1 1.9 10.6 -0.2 305

EBV_GestLgth -1.1 1.0 1.8 -3.2 190

EBV_200WT 25.2 7.0 47 3.0 305

EBV_400WT 46.7 12.1 80 4.0 305

EBV_600WT 58.7 16.1 103 7 305

EBV_200Milk 9.1 2.5 16 2.0 297

EBV_DC -0.6 1.6 4.7 -4.3 168

EBV_CarcWt 28.6 9.3 55.0 -7.0 305

EBV_CarcRib 0.9 1.8 6.2 -3.1 274

EBV_CarcRmp 0.8 1.8 6.4 -2.3 274

EBV_CarcRBY -0.3 0.9 1.2 -3.2 274

EBV_CarcIMF 0.2 0.6 1.9 -0.9 230

EBV_CarcEMA 0.3 1.3 3.6 -3.3 274

EBV_NFI 0.0 0.5 1.4 -1.1 274

Abbreviations:

Age age at start of test (days)

WT animal weight just before start of test (kg)

DMI feed dry-matter intake during test (kg/day)

MP Methane produced during test (L/day)

MP_WT Methane produced per unit of animal weight WT; L/kg)

MY Methane yield, methane produced per unit of DMI (L/kg)

EMA cross-sectional area of the ribeye-muscle determined by ultrasound
scanning prior to test (cm?)

Fat_p8 depth of subcutaneous fat at the rump p8 site, determined by
ultrasound scan (mm)

Fat_rib depth of subcutaneous fat at the 12/13" rib site, determined by
ultrasound scan (mm)

IMF “marbling” fat content of the ribeye muscle, determined by
ultrasound scan (%)

EBV estimated breeding value: an estimate of genetic merit for an
animal produced by Australia’s Breedplan system. Must attain
prescribed min. accuracy before an animals EBV is published, uses
measurements on the animal and its relatives

EBV_Bthwt EBV for birth weight (kg)

EBV_GestLgth EBYV for gestation length (days), shorter usually considered better

EBV_200WT EBV for weight at 200days of age (usually near weaning, kg)

EBV_400WT EBV for weight at 400days of age (kg)

EBV_600WT EBV for weight at 600days of age (kg)

EBV_200Milk EBV for additional weight at 200days due to extra milk (kg)

12
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EBV for days to calving, from when bull goes to cows to when calf
born, shorter usually considered battered (days)

EBV for weight of carcase after slaughter (kg)

EBV for depth of fat at 12/13 ribs on carcase (mm)

EBV for depth of fat at rump p8 site on carcase (mm)

EBV for estimated retail beef yield from carcase (kg)

EBV for “marbling” fat in rib-eye on carcase (%)

EBV for cross-sectional area of rib-eye muscle on carcase (cm?)
Midparent EBV for postweaning NFI, a measure of feed efficiency,
lower is better (more efficient, kg/day).

13
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Progress against Objective 1: Definition of low methane phenotype for Angus
cattle

Methane yield (MY) is the principal methane phenotype that has been adopted
internationally to compare natural variation between animals in the amount of
methane they produce relative to their feed intake (Vlaming et al., 2008). Methane
yield is defined as the amount of methane produced per unit of feed consumed, and
is usually recorded over periods of 24-hour duration or longer to account for any
diurnal variation in methane production.

By breeding for low methane phenotype cattle, we seek to identify those individuals
that eat well and grow well, but simply produce less methane per unit of feed intake
or weight gained. The relationships between daily methane production (MP) and daily
feed intake (DMI), and between DMI and average daily gain in weight (ADG), are
known to be strong. The strength of the relationship between MP and DMI was firmly
established by (Blaxter and Clapperton, 1965).

It is well established that there exists genetic variation in both DMI and ADG, and as
a consequence it is likely that there is genetic variation in MP, but this remains to be
demonstrated in beef cattle. Selection of animals with low MP for breeding purposes
is likely to be effective in reducing MP in the next generation. However animals
selected solely for low MP are likely to be those with lower DMI and ADG. That is,
selection to reduce MP could inadvertently favour smaller, less productive, and
generally less profitable animals.

In this project with Angus cattle the strong phenotypic associations between MP and
DMI and animal size (WT) are apparent. The correlations between MP and DMI
(r=0.33) and MP and WT (r=0.40; Table 3) show that generally animals with lower
feed intake and smaller, lighter animals have the lowest MP.

Table 3. Phenotypic correlations for methane test traits for N=339 animals tested for
methane production traits.

The animals are Angus heifers in 2010 and heifers and bulls in 2011 from the NSW
DPI Glen Innes research herd, and Angus bulls in 2010 and 2011 from the NSW DPI
Trangie research herd.

DMI MP MP_WT MY (L/kg)
WT (k) 0.91* 0.40* -0.33* -0.15*
DMI (kg/day) 0.33* -0.33* -0.26*
MP (L/day) 0.72 0.81*
MP_WT (L/kg) 0.95*

Abbreviations are explained under Table 2
* Correlation is different to zero at P<0.05.

However the correlations between MP and DMI, and MP and animal WT, while high,
are not unity. There exists natural variation in methane production above and below
these general relationships. Figure 2 shows MP plotted against DMI and WT for the
Angus cattle tested in this project.

14
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Figure 2. Natural variation in methane production above and below general
relationships with dry matter intake and animal pretest weight for the N=339 Angus
cattle tested in this project.
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It is apparent in Figure 2 that there are cattle that naturally produce less methane
relative to their feed intake (that is, have a lower MY), and less methane relative to
their size (weight). Unlike MP, MY is largely phenotypically independent of DMI and
weight (correlations being -0.26 and -0.15 respectively; Table 3). Should these
relationships hold at a genetic level, they indicate that selection for low MY need not
favour smaller animals and lower DMI. Rather it should be possible to breed animals
of a desired size that produce less methane from the feed they consume.

For these reasons MY has been chosen as the preferred methane phenotype trait to
explore whether natural variation in methane production exists, such that it is
possible to breed lower methane emitting cattle without comprising their growth
performance and profitability.

Progress against Objective 2: Heritability of the low methane trait

Evidence from differences between sires

Early evidence for genetic variation in MY in Angus cattle is provided by the
differences between sires in the MY by their progeny recorded in this project. Thus
far, five groups of Angus bulls and heifers from the northern (Glen Innes) or the
southern (Trangie) research herds have been tested for methane in 2010 and 2011
(see Table 1).

For each sire with progeny tested in this project, the average for MY of its progeny
was calculated. These sire progeny averages (as LS-means) for MY for the first five
groups of cattle tested in this project are shown in Figure 3. The LS-means for sires
were determined using a linear model that first fitted age at test, pretest WT and then
sire, with the LS-means for MY of their progeny calculated separately for each of the
five tests.

There was a large range between the sires in the average MY of their progeny.
Compared to the sires whose progeny had the lowest average MY in each test, the
sires whose progeny had the highest average MY, had average MY that were 24%,
24%, 16%, 19% and 11% higher across the five groups of cattle tested. These
results provide powerful evidence that there exist sires that can be used in cattle
breeding to produce progeny with naturally lower MY.

16
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Figure 3. Sire progeny-group LS-means for MY for the sires of progeny in the first
five groups of cattle tested in this project.
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2011 tested Northern herd (Glen Innes) bulls
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Heritability

A preliminary estimate of the variance components and heritability for MY was
calculated using the N=339 records collected to end of 2011, with 28 sires
represented in these animals with records. Three generations of breeding records
were used to build the pedigree, with a total of 1299 animals in the analysis pedigree.

Three models were fitted to estimate the additive, environmental and phenotypic
variances and heritability for MY. The models: CG1 to CG3, included the following
contemporary group (CG) definitions:

CG1 = cohort || year || run (within cohort); n=26

CG2 = cohort || year; n=8

CG3 = cohort || year || chamber n=61.

In these definitions: cohort refers to the group of cattle brought to the test facility (eg.
typically 40 head at UNE); year is the year of test; run is the group of 10 measured at
the same time at the UNE facility; and chamber is the number of the chamber in the
UNE facility in which the animal was tested for methane.

18
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For comparison, the variance components and heritability for pretest animal weight
(WT) were also calculated, weight being a production trait whose heritability has
been estimated before for the Trangie research herd (Arthur et al., 2001). The model
fitted for weight also included a maternal genetic effect.

Table 4 shows the additive, environmental and phenotypic variances and heritability
for MY and pretest animal weight (WT).

Table 4. Variance components and heritability for methane yield (MY) and pretest_wt
(WT) (with standard errors). These must be considered PRELIMINARY ESTIMATES
- CONFIDENTIAL, given the small dataset available for analysis.

s%, s%, s% s% h%, h?,
MY, CG1 4.1 18.6 22.7 0.18
(3.4) (3.2) (1.8) (0.14)
MY, CG2 4.7 175 22.2 0.21
(3.4 (3.1) (1.8) (0.15)
MY, CG3 6.1 15.2 21.3 0.29
(3.9) (3.4) (1.9 (0.17)
WT, CG1 979 - 839 1,818 0.54 -
(404) (318) (166) (0.19)
WT, CG2 1,071 - 756 1,826 0.59 -
(413) (319) (167) (0.19)
WT, CG3 1,233 - 605 1,839 0.67 -
(467) (356) (184) (0.21)
WT, CG1 907 45 856 1,808 0.50 0.02
(497) (224) (312) (168) (0.25) (0.12)
WT, CG2 855 131 809 1,795 0.48 0.07
(472) (219) (295) (163) (0.24) (0.12)
WT, CG3 843 221 716 1,780 0.47 0.12
(491) (239) (308) (172) (0.25) (0.14)
Abbreviations:
CG1, CG2, Contemporary group definition used in the 3 models (see text
CG3 above for further explanation)
S%a Additive (genetic) variance
Sm Maternal component of variance for WT only
s% Environmental variance
s% Phenotypic variance
h’g Heritability of additive (genetic) variance
hm Heritability of maternal component of variance for Wt only.

The model with the more complex CG definition: CG3; best estimated the
environmental variance and maximized the additive genetic variances for both traits.
Examining the estimates for animal weight at start of test first, the heritability was
0.47 from the model that fitted CG3 and a maternal component. This value is high
compared to that usually reported for seedstock industry Angus herds, being typically
between 0.3 and 0.4.

We know from previous work with our DPI Angus herd that the herd has a higher
genetic variation and heritability for liveweight traits than industry herds (Arthur et al.,
2001). When adjusted for these inflated components of variance, the heritability of
yearling (400-day-direct) weight in our herd was 0.27 ((Arthur et al., 2001)).
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The heritability of the methane test trait (MY) was approximately 0.29 using the CG3
model (Table 4). As MY is calculated relative to feed intake, and hence to liveweight
(because feed allocation in the test was based on liveweight), it is likely that the
variance components for MY will not be inflated as those for weight. It is therefore
likely that the heritability of MY is similar to that for growth traits, that is, it has a
medium heritability.

Progress against Objective 3. Genotypic associations between methane
phenotype and productivity

Relationships between the methane phenotype MY and selected live-animal traits,
and with genetic merit for a range of production, fertility and carcase traits, are
presented in Table 5. The production traits are those recorded in the Australian beef
cattle genetic improvement system BREEDPLAN. The magnitude and direction of the
regression coefficients were determined using a linear model that fitted age at test,
animal weight (WT), year-of-test and research herd, and whether it was statistically
significant (P<0.05) different from zero. The regression coefficients indicate how
much phenotypic variation in MY is associated with phenotypic change in the live-
animal traits or with a unit change in genetic merit of the production trait (as
measured by estimated breeding values; EBV). Regression coefficients that were
statistically different from zero provide evidence for phenotypic change in MY
accompanying phenotypic or genetic variation in the production trait.

The analysis was based on data for 339 animals tested for methane production traits.
The animals are Angus heifers in 2010 and heifers and bulls in 2011 from the NSW
DPI Glen Innes research herd, and Angus bulls in 2010 and 2011 from the NSW DPI
Trangie research herd.

Table 5. Regressions coefficients (b-values; with standard error) for methane yield
(MY) with live animal weight and carcase traits, and with estimated breeding values
(EBV) for a range of production traits for N=339 Angus bulls and heifers.

Live animal traits

WT Fat_Rib Fat_p8 IMF EMA
0.002 0.04 0.07 0.09 -0.05
0.005 0.17 0.10 0.38 0.05

Production traits

EBV_Bthwt EBV_200WT  EBV_400WT  EBV_600WT  EBV_200Milk EBV_NFI
-0.12 -0.04 -0.03 -0.02 -0.30* -1.16"
0.15 0.05 0.03 0.02 0.12 0.65

Carcase traits
EBV_CarcWt EBV_CarcRib EBV_CarcRmp EBV_CarcIMF EBV_CarcEMA EBV_CarcRBY
-0.01 -0.15 -0.17 -0.26 -0.42" 0.001
0.04 0.15 0.15 0.53 0.22 0.31

Fertility traits
EBV_GestLgth EBV_DC

0.01 0.11
0.44 0.24

Abbreviations are explained under Table 2.
* Regression coefficient is different to zero at P<0.05; "trend to difference at P<0.1.
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These results show that variation in weight attained on pasture prior to testing, and
variation in scanned measurements of body composition on the live animal
(subcutaneous fat over the ribs and rump, marbling fat (IMF) and size of the eye-
muscle (EMA)) near the time of methane measurement had no association with
variation observed in MY. This lack of significant phenotypic regressions in the
sample of animals so far tested indicate that MY was independent of, that is not
influenced by, animal weight and body composition when measured on restricted
feed intake under the conditions of the test.

True genetic correlations between MY and the standard production traits could not be
determined because of the small size of the dataset of records. However, phenotypic
variation in MY does not appear to be associated with genetic variation in weight at
birth, 200 days, 400 days and 600 days of age, or with genetic variation in carcase
traits, except perhaps for genetic variation in carcase eye-muscle area (CarcEMA), or
with genetic variation in the fertility traits (gestation length (GestLth) and days—to-
calving (DC)) reported by BREEDPLAN. The association between variation in MY
with genetic variation in extra weaning weight due to milk (200Milk) and genetic
variation in carcase eye-muscle area is curious. It may reflect low MY being
associated with genes favouring preferential diversion of feed energy from methane
to extra milk from the cow and a more muscle growth. But this is just speculation until
we have more data.

Methane yield tended to be negatively correlated with the NFI feed efficiency EBV.

That is, genetic superiority for feed efficiency (as lower EBV_NFI) was associated
with higher MY.
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Discussion
This report good progress toward meeting the three objectives of this project.

Objective 1: Methane yield (MY) is defined as the methane phenotype that has now
been accepted internationally for measurement of natural variation between animals
in the amount of methane they produce relative to their feed intake. This methane
phenotype has been adopted in this project to evaluate natural differences between
animals in methane production. Large natural variation in MY between individual
animals and differences between sires in MY by their progeny has provided early
evidence that breeding for lower methane emissions is possible.

Objective 2: The unavoidable delay in commencement of measurement of cattle in
the new beef cattle measurement facility on the UNE campus resulted in fewer
records being collected in this project than originally planned. However, based on the
MY records taken we report statistically significant differences between sires in MY
by their progeny. This provides evidence that this methane production trait is under
genetic control, and is an immediate demonstration that it is possible to find sires
whose progeny have a naturally lower methane production. A preliminary estimate
for the heritability for MY of approximately 0.3 is presented. A moderate heritability,
similar to that for growth traits, is indicated, and if confirmed using a larger dataset,
would indicate that breeding to reduce MY is possible.

Usually a minimum of one thousand records are required to calculate the heritability
of a production trait with reasonable precision. This number of records had not been
obtained at the time of this final report. More records for animals with MY are
required and for this reason testing of animals for MY needs to continue after the
date of this final report.

Objective 3: Preliminary results show that phenotypic associations are low, probably
negotiable, for MY with weight gained on pasture and body composition (eye-muscle
area, subcutaneous fat over the ribs and rump) and meat quality (marbling fat) taken
near the time of methane measurement. While the magnitude of genetic correlations
cannot be determined until more records for MY are collected, it does appear that
phenotypic variation in MY does not appear to be associated with genetic variation in
weight traits, important body composition and carcass traits, and fertility traits (as
indicated by lack of associations with EBV).

The implication from these preliminary results are that it is unlikely to be possible to
predict MY for individual cattle based on simple phenotypic measurements such as
weight or scanned body composition information. Further, selection using current
BREEDPLAN® EBV to change methane production, particularly MY, in the next
generation of cattle will not lead to a predictable change in MY.

The corollary is that to be able to select to predictably change MY will require a new
breeding value for a methane-related trait, such as MY, to become available to cattle
breeders through the BREDPLAN system.

Our results showed that MY tended to be negatively correlated with the NFI feed
efficiency EBV. That is, genetic superiority for feed efficiency (as lower EBV_NFI)
was associated with higher MY. When tested under conditions of ad-libitum feeding
we have previously shown that lower EBV_NFI are associated with slightly lower
DMI, lower MP and lower methane intensity (MP_WT) but not lower MY (Hegarty et
al., 2007). We have previously shown that a greater ability to digest feed is one of the
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physiological mechanisms contributing to superior (lower) NFI (Richardson and Herd,
2004). In this project, cattle are offered a restricted feed allowance that is
proportional to their weight. Under these conditions we might hypothesize that low
EBV_NFI animals can extract more feed energy from their diet for growth, which is a
good animal production outcome, but will also produce more methane, that is a
higher MY.

This has implications for the use of genetic improvement in NFI as a breeding tool to
reduce MP from cattle on pastures. It may be that on poor quality pastures, breeding
for low NFI will result in cows with slightly higher daily MP and MY, but because they
are more productive (better growth themselves or by their calves), they have the
same or lower (better) methane intensity (L methane/unit weight) than unimproved
cows. These relationships will need to be reviewed as more data becomes available
if breeding for low NFI is to be recommended as a methane mitigation strategy in
livestock.
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Conclusion

Our results showed that there are cattle that naturally produce less methane relative
to their feed intake, that is, cattle that have a naturally lower methane yield.
Differences between sires in methane yield by their progeny were observed and were
statistically significant. They provide evidence that there exists genetic variation in
methane yield and demonstrate that sires exist that can be used in cattle breeding to
produce progeny with lower methane emissions. A preliminary estimate for the
heritability of methane yield is presented. In this small dataset methane yield
appeared to be moderately heritable, similar to that for yearling weight.

It appears that methane yield is not strongly associated with phenotypic or genetic
variation in standard animal weight, body composition or fertility traits used the
Australian beef cattle genetic improvement system BREEDPLAN®. Our results
indicate that to be able to use animal breeding to predictably reduce methane yield
will require a new breeding value for a methane-related trait to become available to
cattle breeders.
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Appendix 2

Grafton Agricultural Research Centre cattle animal house and methane
measurement using the SF6 tracer method in 2010

The rumen bolus containing the SF6 tracer gas. The gas is released at a known,
constant rate and mixes with the methane expired by the animal. From a sample of
the expired air, and measurement of methane and SF6 concentrations, the methane
produced by the animal can be calculated.
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Placing the bolus into the rumen.

Cattle housed in individual pens. They are feed a known quantity of feed each day
based on their bodyweight while methane production is being recorded.
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The halter on the animals head holds plastic tubing in place over the animal’s nose.
Through the tubing expired air is drawn and stored for later analysis of its methane
and SF6 concentration.
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Appendix 3

The Large Animal Facility, including cattle animal house and methane
measurement chambers, opened on the UNE campus in April 2011

Front view of cattle animal house and methane measurement facility.

Methane chambers viewed from central laneway inside cattle animal house:

. .
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Methane chambers: two rows of five cham
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bers with gas sample ducting.
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Angus bull inside methane measurement chamber with feed and water provided.

33



B.CCH.1006 - Genetic improvement of beef cattle for GHG outcomes

Appendix 4
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The role of cattle genetically efficient in feed utilisation in an
Australian carbon trading environment

PF Arthur®, RM Herd? and JA Basarab®
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*Industry & Investment NSW, Beef Industry Centre, Armidale NSW 2351, Australia
Ialberta Agriculture and Rural Development, Lacombe Research Centre, Lacombe AB, Canada T4L 1W1
paul.arthur@industry. nsw.gov.au

Abstract:

Residual feed intake (RFI) is a2 measure of feed efficiency in beef cattle. It is 2

moderately heritable trait, and cattle with low RFI consume less feed than expected at the same
level of growth relative to their high RFI contemporaries. Selection for RFI is a relatively new
genetic improvement tool in beef cattle to reduce the cost of production, and currently has a low
level of adeption in the industry. Selection for low RFI is associated with reduction in greenhouse
gas (GHG) emissions, hence could play a role in any carbon trading scheme implemented in

Australia.

For any GHG reduction protocol to be acceptable in a carbon tradingfoffset

environment, it needs to follow United Nations IPCC guidelines, be based on science, be
quantifiable and be auditable. The beef industry already has guality assurance systems in place
for RFI that can be fine-tuned to meet these criteria. Scientific information currently available is
adequate for the development of GHG emission reduction protocols for cattle raised for slaughter.
Selection for RFI also has an impact on GHG emissions from the breeding herd. However,
information currently available lacks the degree of accuracy needed for protocol development. It
is therefore recommended that funding be provided to continue the research on the relationships
among RFI, cow feed intake and maternal productivity traits.

Keywords: feed efficdency, residual feed intake, methane, greenhouse gas, emission, beef cattle.

Introduction

The agricultural sector is a source of
greenhouse gas (GHG) emissions worldwide,
with the magnitude of its contribution
differing frem country to country. A recent
Food and Agriculture Organization (FAO)
report estimates that globally livestock are
responsible for 18 percent of greenhouse gas
emissions (Steinfeld et al. 2006}, though this
report attributes all clearing of rain forests to
livestock and does not account for carbon
sequestration or for the substitution of
biological nitrogen for fertiliser nitrogen. In
Australia, emissions from the livestock
industries are estimated at 62.8 Mt COze,
which represented 10.7% of the net national
GHG emissions in 2008 (DCCEE 2010). More
than 90% of the livestock emissions are from
ruminants, predominantly sheep and cattle.

Greenhouse gases generated by cattle
production include methane (CH,) and nitrous
oxide (N30}, which have global warming
potentials 21 and 210 times that of CO,
respactively, making them potent GHGs.
Methane primarily arises from enteric
fermentation, but also small amounts derive
from manure stores.

Some countries already have a carbon
trading scheme, and Australia is currently in
the process of putting a price en carbon. With
this comes the need for all industries to
examine and develop strategies to reduce
their contribution to GHG emissions. The
objectives of this paper were to provide the
scientific information underpinning the use of
selection for feed efficiency in beef cattle to
reduce GHG emissions, to review the beef
industries preparedness for selection for feed
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efficiency, and to outline a process that can
be used to dewvelop quantification protocols
for amy Awustralian carbon trading/offsst
schemea.

Feed efficiency in beef cattle

Providing feed to animals is 2 major input
cost in most animal production systems. The
utilisation of the feed consumed by an animal
involves complex biclogical processes and
interactions with the environment. In
addition, it is complicated by the fact that
feed intake is highly correlated with body size
and level of production. To overcome thess
complexities and to relate feed intake to
production system  efficiency, several
measures of feed efficiency have been
developed and used, as described in detail by
Archer et al. (1993).

In Australia residual feed intake (RFI) has
been chosen as the feed efficiency trait for
genetic improvement programs in beef cattle.
It is also called net feed intake (NFI).
Residual feed intake represents the amount
of feed consumed, net of the animal's
requirements for maintenance of body weight
and production (Arthur et al. 2001b). It is
measured as the difference between an
animal's actual feed intake and its expacted
feed intake based on its size and growth over
a specified period. Therefore, efficient
animals are those that eat less than expected
and have lower RFI walues relative to
inefficient animals.

Genetics of feed efficiency

The genetic control of RFI was one of the
components of the review of feed efficiency in

beef cattle by Archer et al. (1993), using pre-
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1999 infermation. A summary of the results
from Archer et al. {1999) has been combined
with the results of a review by Arthur and
Herd (2008) and presented in Table 1. The
available estimates of gensetic variation cover
studies from sewveral countries, different
breed types of cattle, using different types of
diets, and with different sources of
ingredients (barley, oats, wheat, silage etc.).
These results indicate that there is genetic
variation in RFI in most beef cattle breeds,
and that the heritability is moderate; similar
to that for growth. This indicates that there is
the potential to genetically improve the
efficiency of feed utilisation by beef cattle
through selection for low RFI. RFI has strong
positive genetic correlations with feed intake
and other measures of feed efficiency (e.qg.
feed conwversion ratic), and a weak to
moderate correlation  with fatness. The
available information suggests that RFI is not
genetically correlated with other traits of
economic importance in beef cattle. Reviews
by Arthur and Herd (2005, 2008) contain
detailed information on the genetics of RFI,
including genetic correlations with other
economically important traits.

Proof of concept demonstration herds

At the Agricultural Research Centre at
Trangie, Australia, Angus cattle have been
divergently selected for low RFI and high RFI
since 1994 (Arthur et al. 2001c). It is a single
trait selection population, with the sole
criterion for replacement bulls and heifers
being RFI. Two generations of selection had
been achieved by 19%% and there was
evidence of a clear divergence between the
two lines. The evaluation of the responses to
selection by the RFI selection lines, up to the
1999-borm progeny, clearly indicates that
after two generations of selection the growth
of young cattle and the matemnal productivity
of cows from the low RFI line were similar to
those of the high RFI lines. However, tha low
RFI cattle consumed less feed to achieve this,
and produced less methane (see Table 2).
The quality of the meat of cattle from the two
selection lines was also found to be similar.
The only differences found were that low RFI
cattle are slightly leaner and that low RFI
cows tended to calve a few days later in the
calving season (Arthur et al. 2005]).

Summary of genetics of RFI

# There is genstic variation in RFI, and the
trait is moderately heritable.

# Progeny of cattle selected for low RFI
(high efficiency) consume less feed for the
same level of growth as progeny of cattle
selected for high RFI, irrespective of the
source of the ingredients (e.g. wheat, oats
or barlay) of the diet.

« On lower quzality nutrition, such as
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pasture, where daily feed energy intake is
low, cattle selected for low RFI may
exhibit higher growth rates than progeny
of cattle selected for high RFI, at the same
level of feed intake.

+* (Cattle tested as efficient (low RFI) during
the post-weaning period remain efficient
throughout their lives.

* Genetic improvement in feed efficiency in
beef cattle can be achieved by selection
for low RFI, with minimal level of
correlated responses in growth and other
economically important traits.

Residual feed intake and GHG emissions

The relationship between feed intake and
methane production in ruminants has been
known for many years, and is recognised in
most algorithms predicting methans
production rate (Blaxter and Clapperton
1965; Pelchen and Peters 1998). In general,
the higher the feed intake. the higher the
methane production per ruminant animal, on
the same feedstuff.

Low RFI cattle have the same level of
production as high RFI cattle, but they do so
at a reduced level of feed intake (Arthur et al.
2001a; Nkrumazah et al. 2007). This finding
therefore offers the potential to reduce
methane emission from cattle without
compromising productivity. To explore this
potential an Australian research group (Herd
et al. 2002) and a Canadian group (Okine

et al. 2001) used feed intake and production
data from RFI projects to calculate methane
production using standard algorithms (Blaxter
and Clapperton 1965).

The Australian research group used the RFI
selection line data (Arthur et al. 2001c) and
estimated that catte selected for low RFI
produced 15% less enteric methane per
animal per day than those selected for high
RFI. Methane and nitrous oxide production
from fermentation of fasces was 15% and
17% lower, respectively, in low RFI compared
to high RFI cattle. It was concluded that the
total greenhocuse gas emission per uwnit
liveweight gain was 16% lower in the low RFI
cattle relative to the high RFI cattle.

The results from the Canadian study
indicated that yearly methane emissions and
manure production from high efficiency {low
RFI} steers was 21% and 153% lower,
respactively, than for low efficiency (high
RFI} stesrs, with no significant difference in
size and growth traits between the two
groups. In both studies the GHG emissions
were estimated, and not measurad.
Empirical data

To obtain empirical data, where actual
methane measurements have been taken to
validate these findings, the Australian group
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used the progeny of cattle from the RFI
selaction lines (Arthur et al. 2001c). Ten
steers from the low RFI and 10 from the high
RFI selection lines were selected out of 76
steers. All steers had just completed RFI
tests. Methane was measured by a marker-
based method with the marker gas (SFg)
released frem an intraruminal permeation
device. All steers were fitted with a halter
and gas collection apparatus, and gas sample
collections were made over 10 days, after a
five-day adaptation period. The gas analysis
procedure is described in Hegarty et al.
{2007). Methane production in the low RFI
steers was 25% less than that in the high RFI
steers (Hegarty et al. 2007).

The Canadian group used 11 extreme high
and 8 extreme low and 8 medium RFI steers
for calorimetry studies. These animals were
obtained from 306 steers tested for RFL. The
mean body weight (BW) as well as mean
average daily gain (ADG) on the RFI test was
similar between the low RFI (495 kg BW and
1.456 kg/day ADG) and high RFI (501 kg BW
and 1.48 kg/day ADG) groups. However, the
low RFI steers consumed 17% less feed than
the high RFI group, resulting in mean RFI of -
1.18 for the low RFI and +1.26 for the high
RFI groups. Oxygen and methane production
of the stesars were measured in a four-
chambear, open circuit, indirect calorimetry
system. Methane production in the low RFI
steers was 28% less than that in the high RFI
steers (Nkrumah et al. 2008&).

From the two studies it was not clear if there
are differences between low RFI and high RFI
steers in  methane energy loss as a
percentage of gross energy intake. Howewver,
the studies clearly show that low RFI cattle
emit less methane, mainly through the fact
that they have lower feed intake relative to
high RFI cattle for the same level of
production.

In studies where respiratory hoods have been
used to measure methane, thers is some
evidence that low RFI animals zalso have
improved DM digestibility due to a different
rumen microbial population andfor host
mediated processes (e.g. rate of passage,
and rumen pH), thus resulting in less
methane produced per unit of dry matter
intake (DMI) or gross energy intake
{Mkrumah et al., 2007). It is expected that
these initial findings will be confirmed as
more reports from studies using respiratory
hoods are published.

Implications on various diets

The available information on the relationship
betwean RFI and methane emission indicates
that there is a direct association between
feed intake and methane emissions.
Basically, anmimals that consume less feed
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emit less methane. It therefore implies that
where animals are fed diets of similar
nutritive value (including similar digestibility).
the type of ingredients used (e.g. wheat
varsus barley) is of little consequence.

Standard RFI testing protocols have been
developed in Australia (Exton 2001) and they
specify some standard nutritional quality of
the test dist. For example, the diet for post-
weaning RFI test should provide
approximately 10 M] metabolisable energy
(ME)/kg dry matter (DM). For feadlot RFI
tests the diet should provide approximately
12 M] ME/kg DM. With such standardisation
of testing, the magnitude of reduction in
methane emission by low RFI cattle is
dependent mainly on feed intake and not the
source or type of ingredients in the diet.

Summary of the relationship between
RFI and GHG emissions

* Low RFI cattle emit less methans than
high RFI cattle in experiments where
production data were wused in the
estimation of methane production (15-
21%), and also where actual methane
emission was measurad (25-30%).

« Low RFI cattle produce less faecal DM
than high RFI cattle.

* The reduction in methane production by
low RFI cattle is achieved with no major
impact on the growth of the cattle.

* The reduction in methane emissions by
low RFI cattle is through reduction of feed
intake.

Industry implementation of RFI
technology
For genetic improvement of RFI to be

implemented, animals superior for RFI need
to be used for breeding. The first step is to
measure potential breeding animals or their
relatives for RFI. Seedstock breeders can
then offer such animals for sale as breeding
animals with  reliable genetic merit
information. The majority of potential
breeding animals will be measured for other
economically important traits. This is because
these traits are relatively easy to measure
and the cost of measurement is low. Residual
feed intaka, however, is an expensive trait to
measure. Therefore seedstock bresders will
not measure all their potential breeding stock
for RFI. The results of the breeding systems
design analysis done by Archer et al. (2004)
indicate that for RFI there is no need to
measure the whole cohort of potential
breeding animals. Profitability is maximised
when 10-20% of the potential breeding bulls
are measured. After weaning, information on
the calves themsslves, and their relatives
should be used to sslect those to be tested

for RFIL. In other words, if the genetic merit of
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a bull for other important traits is not good,
then thera is no need to test this bull for RFI.
This is because bull buyers will not only look
at the genetic merit for RFI; they will also
look at the genetic merit for the other traits
before making purchasing decisions.

Quality standards for RFI testing

Feed intake and its utilisation by cattle
involve complex biclogical processes and
interactions with the environment. In order to
be able to compare RFI test results across
time and across location, as required for
genetic analyses, it is important to control as
much as possible those factors that affect
feed intake and its utilisation. There is
therefore a need to standardise the
methodologies and procedures associated
with RFI testing. Testing standards and
protocols for the measurement of RFI have
been established based on scentific data
published by Archer et al. ([1997). In
consultation with industry this scientific data
has been used to develop a standards manual
for testing cattle for RFI (Exton 2001). This
ensures that data from tests conducted at
different times and at different locations can
be used for genetic improvement.

Standardised estimation of genetic merit

The genetic evaluation system for beef cattle
in Australia is called BREEDPLAN and it
handles all traits recorded in beef cattle for
all breeds. Having a centralised system
ensures that there is a single national
database and the procedures for computation
of the genstic merit (estimated breeding
value, EBV) of an animal are standardised. In
Australia, standardisation of computational
procedures and result reporting are achieved
because of the centralisation of the system.
Industry adoption

The besf research feedlot at Tullimba {near
Armidale, NSW)} is currently the major RFI
testing facility for cattle in Australia. More
than 10,000 cattle have been tested for RFI
at Tullimba and other locations in Australia,
with Angus breed having the most cattle
tested. Since 2002, Australia’s BREEDPLAN
genetic improvement program has been
providing trial EBVs for RFI. This means that
there is opportunity for bull buyers to
purchase bulls with known genetic merit for
RFI to improve thair herds.

Economic benefits Three integrated long-term
research projects on the genetics of feed
efficiency in beef cattle have been in progress
in Australia since 1992, as reported by Arthur
et al. (2004). Data from these projects
formed the basis of the following economic
analyses.

The first analysis (Exton et al., 2000)
modelled a 100-cow herd run on native
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pasture, with progeny being grown on
improved pastures. In the production system
modelled, surplus heifers were sold at 18
months of age into the domestic markst and
80% of the steers were sold for feedlot
finishing and subsequent sale as heawy
export steers. Gross margin budget and
cashflow analyses for this herd showed that,
despite the initial cost of purchasing bulls
genetically superior for feed efficiency, over a
25-year investment period, the internal rate
of return was a healthy 61% and the net
present value (NPV) of surplus income over
expenses was $21,907. This equates to an
annual benefit per cow of $8.76.

In a second analysis (Archer et al. 2004}, an
evaluation of the benefit of recording RFI in
industry breeding schemes using a model of
investment and gene flow resulting from
selection activities was conducted. The
analysis considered breeding schemes
targeting either the high quality Japanese
export market (with steers fed for 210 days
in the feedlot) or the grass-fed domestic
market. A base scenaric was modelled where
a range of criteria (without feed intake data)
ware used. & second scenario incorporated
salection of sires for the breeding unit using a
two-stage  selection process, with a
proportion of bulls selected after weaning for
measurement of feed intake. After accounting
for the cost of measuring feed intake
{ranging from $150 to $450), additional profit
was generated from inclusion of feed intake
measurement on a proportion of bulls, for all
the breeding schemes considered. Profit was
generally maximised where 10% to 20% of
bulls  were selected at weaning for
measurement of fead intaks.

It should be noted that in all the economic
analyses presented, the genetic selection
applied was not for the single trait, RFI. It
was evaluated in a multi-trait selection index
in representative genetic improvement
schemes. The benefits presented are the
marginal increase due to the inclusion of RFI
and, therefore, it represents the additional
benefits from genetic improvement in RFL.

Managing barriers to sdoption A review by
Arthur et al. {2004} highlighted some of the
barriers to adoption. Research conducted
since then has led to a better understanding
of RFI and its bensfits to sesdstock and
commercial beef producers. Some of the
barriers and how they are being managed are
as follows:

+ The complexity of automatic feeders has
limited the on-farm wuse of such
equipment, and RFI testing is now
predominantly done at centralised test
stations.
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Thare was a general lack of appreciation
in the beef industry of the importance of
feed costs to enterprise profitability.
However, Australian feedlot managers
now have a good appreciation of the
importance of the cost of feed to their
enterprises. The recent droughts and high
grain prices have strengthened the
awareness of feedlot and cow-calf
managers of feed costs, and increased
their desire for more efficient cattle to
fead.

Accurate  measurement of  individual
animal pasture feed intake is not
available. Although it is still desirable to
be able to accurately measure individual
animal feed intake at pasture, a study by
Herd et al. {2004) reporting that low RFI
cattle (which are wsually tested on
prepared diets) are also efficient on
pasture, has made this need less critical.

The cost of identifying animals with
superior RFI is high. The simplest solution
is to bring down the RFI measurement
cost. For most other economically
important traits every potential breeding
bull is measured. For RFI howewver, the
high cost of measurement means that, in
practice, not all potential breeding bulls
will be measured. The finding by Archer
et al. (2004} that profit was maximised
where 10-20% of all potential breeding
bulls were tested for RFI translates to a
great cost saving to the individual
seedstock breeder. The cost of testing for
RFI has come down to about $150, much
lower than the $300 used in previous
estimates.

Thare is currently intensive research on
DMA markers for RFI in Australia and
overseas. Some of these markers have
been commercialised and others are to
follow soon. The use of DNA information
in genetic improvement is currently being
developed and it is hoped that the price
of identifying cattle that are genetically
superior for RFI will come down ewen

further.

Summary of industry implementation

-

Quality standards for testing cattle for RFI
have been developed and implemented.
Standardised data
computation have
through BREEDPLAN,
Inspite of the high initial capital outlay to
inwest in RFI technology, selection for low
RFI is profitable at the individual farm
level as well as at the national industry
level.

In spite of certain barriers to adoption, RFI
technology is already being adopted by

processing and EBW
been implemented
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the beef industry, with more than 10,000
cattle testad for RFI.

Carbon trading environment

The economic benefit from the reduction of
feed costs to the enterprise will be the driver
for adoption of RFI technolegy in the beef
industry. The potential financial benefit
through the carbon trading system will be a
welcome by-product of selection. Hence the
estimation of this financial benefit from
carbon trading does not take into account the
cost of adopting the RFI technology.

Financial benefit from carbon trading

Using data from the Australian research
projects on RFI, Alford et al. (2008)
undertock to medel the methane abatement
resulting from the anticipated adoption of RFI
in breeding programs within the Australian
beef industry ower a 25-year period. The
expected reduction in methane emissions
from the Australian beef herd resulting from
using bulls identified as being more feed
efficient as a result of having a low RFI was
modelled, both in a single herd in southern
Australia and in the naticnal herd. A gens
flow model was developed to simulate the
spread of improved RFI genes through a
breeding herd over 25 years. Basad on the
estimated gene flow, the wvoluntary feed
intakes were revised annuzlly for all beef
classes using livestock populations taken
from the Australian National Greenhouse Gas
Inventory (NGGI). Changes in emissions (kg
methane/animalfyear) associated with the
reduction in feed intake were then calculated
using MNGGI procedures. Annuzl enteric
methane emissions from both the individual
and national herd were calculated by
multiplying the livestock numbers in each
beef class by the revised estimates of
emissions per animal.

For a representative 100-cow commercial
herd in southern Australia, in which bulls of
superior RFI were purchased in year 1, the
curmulative total of enteric methans
abatement during the 25-year simulation
period was 24.5 t. This represents a 7.4%
cumulative decrease in  enteric methane
production ower the simulation period,
compared with an unimproved herd. The
annual saving in methane production over an
unimproved herd by year 25 was 15.9%. The
estimated 24.5 t of methane saved over 25
years by the representative southemn
Australian herd is eguivalent to an annual
average saving of 20.6 t {CO4 E) which could
be wvalued given access to a carbon trading
scheme. Using a per tonne of C0; walue of
AU$10,50 (NSW Independent Pricing and
Regulatory Tribunal 2005), 2 minimum wvalue
for the saved methane output due to
adoption of RFI genetics for a 100-cow
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southern herd is on average 5216 per
annum. Therefare, entaric methans
abatement resulting from selaction for lower
RFI is not at the expense of farm profit, as
may be the case for some alternative
abatement strategies. It should also be noted
that the sawving in feed costs from using low
RFI cattle is likely to be more than five times
the value of the carbon credits.

For the national herd, various adoption rates
and adoption time lags were applied. At the
base scenario of 0.76% rate of genetic
improvement and 30% maximum adoption,
the cumulative reduction in national
emissions was 368,100 t of methane over 25
years, with annual emissions in year 25 being
3.1% lower than in year 1. Any increase in
the rate of genetic improvement andfor the
maximum adoption lewvel increases the
cumulative reduction in methane emission.
For example, a 50% increase in the annual
rate of genstic improvement in RFI for bulls
used in the commercial herd, from 0.76% to
1.14% per year, would result in a2 decrease in
annual enteric methane production of
84.400t, or 4.3% by year 25. Similady, a
50% increase in the maximum level of
adoption of the RFI technology would result
in an increase in annual abatement of enteric
methana to 91,200 t or £.7% by year 25.

It was concluded that, despite the substantial
time lag for most genetic improvement
programs, such as that for RFI, selection for
reduced RFI is expected to reduce
greenhouse gas emissions from beef cattle.
Residual feed intake offers a commercially
attractive and practical abatement technology
because it does not demand reductions in
livestock numbers or level of production. The
two particular aspects of selection for
improved RFI that ensure its role in livestock
greenhouse gas abatement are (i) the impact
of the genetic improvement on the beaf herd,
not just finishing animals, and {ii) the
cumulative nature of the response over time.
Procedures for guantification
auditing of emissions

For any GHG reduction protocol to be
acceptable it has to follow IPCC (2008)
guidelines, be based on science, be
quantifiable and be auditable.

and

Quantification of GHG reduction The
production of methane from  enteric

fermentation in cattle can be measured
directly in respiration chambers or indirectly
using tracers such as sulphur hexafluoride.
Thesa are short duration techniques, and are
expensive, cumbersome and not practical
under normal farming conditions. But they
can be, and have been, used to quantify the
relationship between low RFI and reduction in
methane production through reduction in
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feed intake. This reduction in feed intake is
captured by RFI, since it is the reduction in
feed intake relative to the expected feed
intake for the size and growth of the animal.
Measured as kg of feed (DM basis) per day,
this should form the basis of any protocol
development for GHG emission reduction
from selection for low RFI.

Use of genetic merit information The protocol
is based on genetic selection for low RFI,
hence the genetic merit (expressed as EBV)
of an animal for RFI (rather than the
phenotypic measure} should be wused for
guantification of reductions in GHG
emissions.

The beef industry is made up of a number of
sectors. In broad terms the participants of
each sector may contribute in the following
manner:

# The seedstock breeder will be breeding
low RFI animals for sale. It is expected
that breeding stock for sale will have
BREEDPLAMN EBVs for RFI and accuracies
as part of the sale information.

« The cow-calf manager will purchase
breeding stock with BREEDPLAN EBVs for
RFI from a seedtock breeder and use
them in matings to produce progeny.
The expectation is that the genetic merit
of an offspring from such a mating by
the cow-calf manager will be equivalent
to half the genetic merit of its sire plus
half that of its dam. Hence each progeny
can be "assigned” a RFI EBV equal to the
mean EBV of the parents, if the progeny
does not have its own BREEDPLAN EBV
for RFI. If one of the parents does not
hawve a BREEDPLAN EBV, its EBV can be
assumed to be zero. Selection for RFI is
relatively new in the industry and has
not been practised in most beef herds.
Az a consequence, the assumption of a
value of zero (being breed average for
RFI) for RFI EBV for non-BREEDPLAN
animals is valid.

Apart from those retained by the
manager for replacement, it is expacted
that most of the progeny will be sold at
the appropriate age/weight. At the time
of sale the assigned RFI EBV should be
provided as part of the sale information.

* The feedlot manager will purchase thess
cattle from the cow-calf manager and
feed them for slaughtar. These cattle will
maintain their assigned RFI EBVs.

« The abattoir and wholesale/retail outlets
process and sell the beef to the
consumer. If any of the practitioners in
this sector are eligible for carbon credits,
the assigned EBWs of the slaughter
animals can be used.
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Estimating reduction in feed intaks Estimated

breeding walues are computed using a
specified year as the base. The mean EBV for
a particular trait is set to zero for all the
animals born in that year. This allows genetic
improvement relative to the base year to be
tracked over years zhead. This base year can
also be used in the protoceol to illustrate that
practice change since that year has resulted
in reductions in GHG emissions. For RFI it is
also essential that the average DMI of
animals during the RFI test pericd for the
base year is calculated or estimated. For
example, if for a participating herd 2004 is
chosen as the base year, the average DMI of
all cattle that were tested for RFI can be
calculated or estimated at a standard ME
content per kg DM. With this information the
reduction in feed intake due to selection for
RFI can be estimated wsing procedures
similar to the reports by Exton et al. (2000}
and Alford et al. (2008).

Estimating reductions in GHG smissions The
estimates of DMI of the animals can then be
used in standard equations (e.g. IPCC 2006)
to estimate the greenhouse gas production
from enteric fermentation and manure
preduction. The greenhouse gas production of
these animals can then be compared with
those obtained from wusing the estimated
mean DMI for the current year.

Verification  strategies The  phenotypic
measure of RFI and EBVs for RFI will be used
as the basis for any protocol development. As
indicated, there are quality assurance
standard protocols for RFI as they relate to
measurement, data, computational method,
and estimation of genstic merit of an animal.
These QA standards lend themselves to
auditing. The only other step that requires an
audit trail is a system to werify that the
breeding animal with the low RFI EBV was
used to produce the progeny, for which the
GHG emission credits are being claimed. It is
therefore important that the identification of
animals tested for RFI be linked inta
Australia’s MNational Livestock Identification
System (NLIS).

There are
issues that unresolved will become barriers to
adoption of GHG reduction protocols in cattle.
These include:

# Ownership of the carbon credit. The baef
cattle industry is made up of sewveral
sectors, and only few wertically integrated
businesses. An  animal will typically
change ownership a number of times
from conception to slaughter. The linkage
of the protocol with the MLIS makes it
easier to identify the owner of the cattle
at any point in time. Howewer, it is not
easy to determine who owns the carbon

httpe/fwww . csuedu. auy/faculty f sclence/sews afomnetwork )

41

credits. Is it the seedstock breeder whao
originally produced the parent(s), or the
cow-calf manager who produced the
progeny or the feedlot operator wheo fed
the cattle but may not own them? The
issue of ownership of the carbon cradits
needs to be worked through and agreed
upaon.

« Social barriers. The cattle community and
the general public have some scepticism
in relation to the science of climate
change in general, and the government
policies that drive GHG reductions. Efforts
should be made to win the trust of thess
stakehaolders.

General conclusion

Selection for RFI is a relatively new genetic
improvement tool in beef cattle to reduce the
cost of production. Currently it has a low
level of adoption in the beef industry, but the
rate and level of adoption has the potential to
increase as the cost of identifying superior
animals reduces.

Selection for low RFI is associated with
reduction in GHG emissions by cattle and
could play a role in any carbon trading
scheme implementad in Australia.

The expectation is that the economic benefit
from the reduction of feed costs to the
enterprise will be the driver for adoption of
RFI technology. The potential financial benefit
through the carbon trading system will be a
welcome by-product of selection.

In the province of Alberta in Canada, a GHG
reduction protocol based on selection for RFI
has been developed and it is in the final
stages of the approval process (Climate
Change Central 2010). After approval the
protocol will be used in the carbon offset
program of the province.

For any GHG reduction protocol to be
acceptable in a carbon trading/offset
environment, it needs to follow IPCC (2006)
guidelines, be based on science, be
guantifiable and be auditable. In the beef
industry in Australia there are already quality
assurance systems in place that can be fine-
tuned to meet these criteria. Scientific
information currently available is adequate

for the development of GHG emission
reduction protocols for cattle raised for
slaughter. Selection for RFI also has an

impact of GHG emissions from the breeding
herd. Howewer, information  currently
available lacks the degree of accuracy needed
for protocol development. It is therefore
recommended that funding be provided to
continue the research on the relationships
among RFI, cow feed intake and maternal
productivity traits.
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Table 1. Heritzbility estimates (+ standard error) for residual feed intzke in beef cattle
Breed type Country Mo. of animals Heritability Source
Pre 2000 reports Various 0.14 to 0.28 Archer et al. (1999)
Hereford Britain 540 0.16 = 0.08 Herd and Bishop (2000)
Angus Australia 1180 0.39 = 0.03 Arthur et al. (2001a)
Charolais France 792 0.39 = 0.04 Arthur et al. (2001kb)
Mixed Australia 1481 0.18 + 0.06 Robinsen and Oddy (2004)
Mixed Canada 2284 0.38 = 0.07 Schenkel et al. (2004}
Wagyu Japan 740 0.24 = 0.11 Hoque et al. (2006)
Composite Canada 464 0.21 = 0.12 Mkrumah et al. (2007)
Brahman Australia 580 0.24 + 0.11 Barwick et al. (2009)
Tropical Compesites  Australia 783 0.38 = 0.12 Barwick et al. [2009)

Table 2. Least squares means (+ standard errors) for growth, feed efficiency, reproduction, maternal
productivity and methane production in beef cattle divergently selected for residual feed intake (RFI)

Generations Selection line

Traits of selection Lowi RFI High RFI Significance

Growth and feed efficiency 2.0
Weaning weight (kg) 232.5 + 3.1 228.3 + 2.9 n.s.
Yearling weight (kg) 3843 6.9 3B0.7 = 6.7 n.s.
Average daily gain [kg) 1.44 = 0.03 1.40 = 0.03 n.s.
P8 fat depth (mm) 6.7 =0.3 8.8=0.3 *
Eye muscle area, [cm®) 721 = 0.8 74.2 = 0.7 n.s.
Daily feed intake ékg]l 9.4 = 0.3 10.6 = 0.3 *
Feed conversion ratio 6.6 = 0.2 7.8=0.2 *
Residual feed intake (kg/day) -0.54 = 0.12 0.71 = 0.17 ¥

Maternal productivity™* 1.5
Calving rate (%) 89.2 88.3 n.s.
Weaning rate (%) B1.5 BOD.2 n.s.
Milk yield (kg/day) 7.5+ 0.3 7.8+ 0.3 n.s.
wt of calf weaned (kg) 191.3 + 8.4 198.4 + 7.7 n.s.

Methane production in steers™ 2.4
Daily feed intake (kg) 8.38 14.13 *
Average daily gain [(ADG ,kg) 1.13 1.23 n.s.
Methane (g/day) 142.3 190.2 ®
Methane (g/kg of ADG) 131.8 173.0 P=0.09

ASource: Arthur et al. 2005.

®Per cow exposed to bull.

“Source: Hegarty et al. 2007.

* p<0.05; n.s. P=0.05.
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THE ROLE OF ANIMAT GENETIC IMPROVEMENT IN REDUCING GREENHOTUSE
GAS EMISSIONS FROM BEEF CATTLE
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SUMMARY

In Anszmalia emussions Som the lvestock indusmies represent 1009%: of the per pstonal
gresnhouse gas (GHG) emissions m 2006, md most of these were fom sheep and cattle. With the
movernment sipnslime its commitment to reduce emissions, mdusmies need o develop amissioms
reduction stategies, This paper identifies some of the current genetic improvement pracices o
beef cattle that reduce GHG emissions and also identifies newr areas for further research with
pateanal for GHG reductons. Cwrent GHG emussion reduction stratezies in beef cattle are relismt
on mmproving productivity of canle in order to reduce emussions per umit of product Hence
emiissions reducton at the natonal level is largely reliant om there Being a cap or reduction n
animal mumbers. In the long fenm it is ooportant that stratemes thar directly redouce GHG amizcions
per unit of feed intake be developad

INTRODUCTION

The agnculmrz]l sactor is a source of greenhouse zas (GHG) emissions worldwide, with the
magnimde of its conmibuton dfering from county W coungy. A recent FAQ repom estimates
that globally livestock are responsible for 18 percent of greenhonse gas emissions {Steinfeld a2 al
2006). In Ausgalis, the emission Som the bvestock industries is estimared at 61.0 My CCh —e,
which represented 11.3% of the net natonzl GHG amizssions m 2007 [DOC 2009%, Cwer 90% of
the livesteck emissions are fom mminants, predonunanty cheep and catda,

In December 2008, the Comumonwesalth Government of Australia relesced its White Paper on
“Carbon Pollntion Reducoon Schems: Ansmalia':s Low Polluton Fummre™, and it sipnalled the
Fovernment's comminnant to reduce greenhonse pollution in Ansralia in the short and loag femm
With this comes the need for all indusmies to examune and develop soategies to reduce their
contmibution o GHG emissions. The chjecove of thiz paper was to identfy some of the currant
Fenatic Dnprovement practices in besf canle that reduce I - )

GHG amiszions and wo idennfy for research new areas Caftle
with patential for GHG reducnons.

. .| A
GHCG EMISSIONS FROM CATTLE
Greephouse zases generated by canle producton Entenc ¥
include methanme (CH.) and nitrons oxide (M,0), which | fermentation 3
v KN

have global warming potentials 21 and 310 tmes that of
C0,; respectively, making them wvery potemt GHG
Meathane primanly anses Tom entenc fenmentation but [ Methame ] [ Methane ] [ HMiimous J

|

also small amomnts derive fom mamure stores (Fig 1) {CH.) (CHY Onidda (100
Mamure enussions mre least Som exfensive gTazine
enterprises snd greatest fTom moanure stockpiles snd Fi LG i P
slumies meflecing the nesd for & mwist anasrobic ﬁlf::'ﬂ‘_ Sgigs e s
anvirenrment for methanosenesis.
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BEEF BEEEDING FRACTICES THAT REDUCE GEEENHOUSE ¢AS ENMISSIONS

A soopg posiive relationship betwesn feed infake and msthane produaction n mununsnts is
recognized m most alzerithons predicting methane production rate (Blaxter and Clapperton 1965,
Pelchen and Peters 1998). On grazing or forsge diets, the higher the feed inmke the hisher the
daily methane onmpu: by the mminant, on the same feedsmff However a strategy of reducing daily
fead intske to achieve lower levels of methane produrton has recedved litile sttention becsuse of
concerns over reduction in producovity of te numinant In beef producmon such 3 swaegy would
mean that slanghter camla will take longer to resch markst weight young replacanent heifers wnll
take longer to reach pubarty and weaning rates in cows will reduce.  Therefors to achieve the sams
lewel of productiviey, this will mesn that all classes of carls (steers, heifers, cows ebc) have o be
kept longer resuling in potenfially higher total feed intake A life cycle analysis spproach fo
consider the broader fmpacts of such mitigation strategies i& mmporant, rather than look onlby at
mitigation efects on individual ammals.. Any stratepy that reduces feed intake per unit of product
wonld alzo result in reducton of GHG emission per unit of product which can be nssd a3 an
indicater of improved emissions intensity of the production system Some of the GHG reduction
sratepies for which panetc improvement can play & major role are discuzsed belowr.

Beducing age at slanghter. The endpomr for slaughrer catile is detenmined by the speaScanon
of the target market, usually for weight and famess. Achieving these slanghier specifications at a
younger aze will resalt moa lowsr total GHG emission per umit of product ralative o & higher agze
at slanghter. Impace: can be substannal with feedlot fimshing of catle in northern Ansoalia for 2-
5 months calcalsted to rednce liferme methane production of slaughter canle by 34-54%, largely
throuzh reduced time to slanghter (McoCrabb of al 1998).. Similarly, Howden and Bevenga {19949
showed that methane emission per nmt lveweight gain reduces as average daily gain (ADG)
increases. This is primarily due to the Sact that in beef canls over 50% of feed intake is used for
maintenance. hence the faster an onimal grows the lower the totsl feed requivements for
maintenance over the growing period. leading o lower methane emizsion per lvewsight gain In
recognition of this, GHG quantification protocels (Beef feeding — reducing davs on feed and Beef
lifecyrle) have been developed and approved for the carbon offiet wading in Albertn, Capada
(Alberis Environment 2008

Improved ADG can be achueved through improvenrent in nuiidon and the environment, but
can also be achieved through zenesic improvement aither by crosshresding or selection for srowth
failis.

Efficiency of feed wiilisation. By definition beef canle that are efficient in feed utilisznon wall eat
lecs per it of prodoct. In Ansmalia, residual feed imtake iz the feed efficiency wait nsed for
penatic improvement of feed efficiency It has the umique characteristic that low BFI catde
consame less feed than hizh RFI cambe for the same level of producovity (Arthar ¢ al. 2001)
Theoretical caloalstons based on the reduction m feed intake showed that low BFI catle have
13% - 21% reducoon in methsne emgssions, 15% reduction in methane fTom manure and 17%
reduction o niTous oxide fom manure, relative to high BFI catile (Okime of gl 2001; Herd er al.
2002). Thess resnlts were confirmed by empincal evidence fom mno smdiss where actusl methans
emizsions were measured The results of the two smdies mdicate thar thers 1 & 15%: - 30%
reduction in methane emissions and 15% - 207 reduction in mamire producton from low BFL
relative high BFI carle (Mkromah or @i 2004; Hegaroyer al. 2007). In recosniton of this, selection
for low FFI is being constdered for poteniial (GHG protocol development for the carbon offsst
trading m Alberta, Canads (Alberia Envaronment 2000
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Use of adapted, hizh producdsg catfle. The main purpose of the breeding berd, in beef carle is
i produce progeny. Hence a dry cow consumes feed (heace produces GHG) baf with no product
1o show for. A berd with a higher calving rate i= therefore desirsble, not only in terms of the higher
murber of wesned calves to be seld, but slso in terms of lower feed infeke per umit of prodoct,
leading to lower GHG emissions per wnit of product Ir has been shown that female ferglity is
improved by the nse of crosshred females for breeding (Arthur ¢ al. 1999 Selecion for reduced
days o calving in beef canle also improves reproductve performance in famales,

Producdvity of mest cattde breeds in the mopics &= low due to smessors [heat poor numiton
dizezse) imposed on the anims] by the harsh environment. Hence most tropical breads have low
productnaty. The use of mopically-adapted composites in northern AnsTalia is one of the pracical
Fensfic improvement soategies msed smocessflly o mmprove preductvicy. Feplacemsnt of
shorthomn cattle with composite-breed catde by the Womh Australis Pastoral Company’s
“Alexandria™ station, was sssociated with reducdon in the methaneks Hveweight weaned from
12510 086 1 CHot LW weaned. Thiz advantage came larpely from mcreased wesnimg rate {33 to
B0 calves/100cows) but incressed slanghter weight may alio be expecied (Bentley et al 2008).
When planned properly, such mopically-adapted composites offer less GHG per unit of product
reladve to purebreds due o higher female ferdlity, progeny achiswving lower aze at :lsughter snd
higher feed eficiency

Unigueness of genetic improvement. It is apprarent from the oudined GHG reducton srakges
that genstic improvemsent programs o general will result in 3 reduction of GHG emissicns per unit
of product, bat oot always reduce woml emizsions. Genetc onprovement has been widely adopted
in the beef indusoy to improve production effciency, with the resuling mprovemesnt in enterprise
profimabiliy 3 condnwing driver for such change, The fact that some of thess breeding decisions
also belp reduce GHEG emissions soe mmexpected secondsry benefits. Further, aoy change m an
animal's charscterisdcs achisved through gemetc improvement can be passed on o the paxy
Eenerafion 0 sy reduction i GHG which 13 ssspcisted with such genefic improvement 15 also
permianent This 1§ in confrast to other smatemies to reduce GHEG emission: where 3 partcular
meatment, such a5 grain {mstead of pasmre) feedmg, and feeding of edible oils, need to be applied
on A regular basis, For somes extensively managed catls, applicadon of such treaoment on a regular
Tkasis is nof pracical.

CHAITENGES AND OFFORTUNITIES FOE THE FUTURE

Comprebensive assessment of the congibuticn of genefic Improvement soategies 1o Teal or
potential reductions in GHG emissions in the Australiam context need fo be carmed out. One such
Assessiment was Tepomed by Alford & al. (2006} oo potential GHG reducdons from selecton for
low BFI in Ausoalis. Using & modest base scensrio of 0.76% mmie of genelic Dnprovernent snd
30% maximum adopton, Alford er @il (2004) repored that the cummlative reducdon in national
enussions was 555,100 1 of methane over 23 vears, with annunal emissions in year 25 being 3.1%
lower than in year 1. Any mcresse in the rate of genetic improvement andior the maximimm
adoption leval mncresses the cumulagve reducion in methane emission.

The smategies gutlined above are mmporsane frst steps. However, most of the GHE emizsion
reduction soategies are raliant on muproving productvicy of catle in order to redace emiszions per
unit of product. Achieving greater producovity Tequently resuliz in increased feed intsks hence
oreqter GHG emissions per head of catile Hence GHG emissions reduction for beef caitie at the
nationsl level can only be achisved only if there is 3 cap or reducton In smma]l puobers. 4
number of other mdustries are also Sced with this dilemma The mmomobile indusmoy, for example
is redncing emissions per vebicle however swy reductons in the natficnal emissions can only be
achieved if the mumber of cars oa the road is capped o reduced. Therefore, it 1s mmaporant that o
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the long term, sirategies to directly reduce the GHG emussions per unit of feed mtake need to be
devaloped.

One of the long term smoaegies which need mwvestizating i3 the zZenefc improvement in
methane enuzsion per nnit of feed méake A review by Herd and Hegary (2007) gives an
indication that thers 15 Fensic variation m many of the biological processes mside the animal that
coatmbute to the level of methane production The challenge now is w develop accurate snd
repeatable methods of measuring imdividual soimal intake snd methane producton, which czo be
applied to larze munbers of canle.
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SUAMDIARY

The aim of this experiment is to investigate and demonstrate genefic variation in daily methane
production (MP; g/d). methane intensity (MI; MP per unit bodvweight: gkg) and methane yield
(MY MP per unit feed mitake: gkg). Angus cows in pedizree- and performance-recorded research
herds at Industry & Investment NSW research centres at Grafton and Trangie NSW were mated in
2007 to Angus bulls that had previously been recorded for MY. Bulls that had been identified as
either phenotypically high or low for MY were used as sires in the Grafton herd; unselected sires
were used m the Trangie herd In 2010 the near 2-year-cld bull progeny from Trangie and heifer
progeny from Grafton were measured for MP. MI and MY, There were 3 sires with progeny
represented in the Trangie bull data (p=63 progeny). A wide range in least-squares (1.5} sire means
was observed for MP (191g/d to 235g/d). MI (026gke to 0.63gks) and MY (24 3gkz to
30 2g/kg). There were 6 sires with progeny represented in the Grafton heifer data (n=79 progeny).
A wide range in LS sire means was observed for MP (133g/d to 165g/d). MP (0.15gks to
0552ke) and MY (213gkg to 27.0gkg). The differences between sires for these traits that
indicate that there may be genetic vanation present and provide preliminary evidence that selection
on a methane production trait may be possible.

INTRODUCTION

Cattle and sheep emit methane, a potent greenhouse gas (GHG), as part of the fermentation
process in their stomach. Enteric emissions from Australian ivestock were eshmated to be 356 Mt
COz-e or 10.4% of National GHG emissions in 2010. Over 90% of livestock emissions are from
cattle and sheep, and cumently beef cattle are Awstralia’s largest single source of agnculiural
emissions. However, less than 3% of these emissions are amenable to mitntonal modification by
changes in feeding. (ie. largely restricted to cattle in feedlots). Traditional selective breeding is the
most wide-reaching tool for lasting reduction in the other 5% of emissions from our national herd
gTazing extensive pastires.

In ruminants there is a strong positive relationship between feed intake and methans
production. Hence, any ammal breeding strategy that reduces feed intake per wmit of product
results i redoction of GHG emussion intemsity. Direct selechion for lower dmly methane
production (MP) may not be desirable because it conld favour lower feed intake andor smaller.
slower growing animals. Methane mtensity (MI) and methane yield (MY), being methane
produced per umit of bodyweight and per unit of feed intake. respectively, can measure methane
mifigation achieved independent of size and feed intake. For gemetic improvement, genetic
variation i these traits and their phenotypic and genetic associations with other important
production fraits need to be determined.

The aim of this paper is to report prelimmary results from an ongoing research project
mvestigating phenotypic and genetic vanation in methane production traits in Angus cattle.
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MATERTALS AND METHODS

Angus cows in pedigree- and performance-recorded research herds at the Industry &
Investment W5W research centres at Grafton and Trangie N5W were mated m 2007 to Angus
bulls that some years previously had been recorded for residual feed intake and MY. Bulls that had
been identified as either phenotypically high or low for MY were used as sires in the Grafton herd;
sires that were lugh or low for residual feed mtake were used m the Trangie herd. Methane
production by the bulls had been measured using the SF; tracer methed when being fed at ad-
libitm feed intake a 70% grain-content feedlot ration in the Beef CEC “Tullimba™ Fesearch
Feedlot as described by Hegarty ef al. (2007). Progeny were bom i 2008 and weaned m 2009.

A5 near J-year-old ammals in 2010, firstly the bull calves from Trangie (n=9¢), and then the
heifer calves from Grafton {(n=79}, were measured for methane produoction at the Grafton Fesearch
Centre. There, in individual pens mside an animal house, each animal had methane production
measured using the SF; method while being fed a fixed daily allowance of a roughage diet The
amount offered was calculated to pmude 1.2-times the estimated enersy requirement for
mamtenance based on the ammal’s hveweight at the start of the measurement peniod. This was
done to minimise day to day variaton in Iiﬂli} methane production so increasing power to detect
phenotype differences, and avoid ‘level of feeding” effects on MI and MY After adaptation to diet
(14 days), methane production was measured over 5 x 24h consecutive peniods.

The bulls, then heifers, were split into 3 cohorts of 32 ammals. Animals within a cohort were
measured at the same time. with care taken to ensure sires were equally represented in each cohort.
Due to equipment problems during measurement of the first cohort of Trangie bulls, only data
from the second and third cohorts of bulls are used. Fixed effects analyses were undertaken to
identify significant fixed effects for daily dry matter intake (DML kg); MP, MI and MY. Fixed
effects fitted were sire of the animal and cohort, with age and weight at start of measurement fitted
as covaniates. The interaction of sire and cohort was not significant and not included.

RESULTS
Summary statisiics from the measurement of the second and third cohorts of Trangie bulls and
the 3 cohorts of Grafton heifers are presented i Table 1. There was substantial vanation m all

traits including in MP. MI and MY, with a four-fold and a three-fold difference observed in the
latter trait for the bulls and m the heifers respectively.

Table 1. Summary statistics for Trangie bulls (n=63) and Grafton heifers (n=79)

Trant Mean 5D Minmmum Manamimn
Bulls:
";;Eight kg 52 48 428 622
Age (d) 582 16 537 614
DMI (kg'd) 783 .53 6. 77 395
MP (=/d) i 46 98 368
M (gkg) 041 008 026 0.63
MY (gkg) 268 54 109 41.2
Heijfers-

feizht (kg) 332 o 318 458
Ageid) 623 19 579 Tt
DMI (kg'd) §.21 046 4.76 T28
MP (z/d) 147 26 50 204
M (g'kg) .39 0.07 013 0.55
MY (gkg) 3.7 42 104 345
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There were & sires with progeny represented in the Trangie bull data and § sires with progeny
represented i the Grafton heifer data. Least-squares (LS) means for measurements made on the
progeny of these sires are reported in Table 2. A wide range mn site L5-means was observed for
MP, MI and MY i both the bull and heifer progeny providing evidence that there may be some
genetic variation present for these traits. In the heifer progeny, differences observed between sires
were significant for MP (at P<0.1). MI (P=0.1) and MY (P<0.03; Table 3). In the bull data_ the
differences between sires were not significant. presumably due to not enough records being
available. The extent that difference in sex between the Trangie and Grafton progeny contributed
to the observed results remains to be determimed.

Table 1. 5ire methane vield and least-squares means (SE) for bull progeny from Trangie and
heifer progeny from Grafron

Sire Mo, Sire MY DI MEP I MY
progemy (zks) kz/d) iz'd) igkz) (gkg)
Bull prozeny from Transie
1 7 191 7.75 (014 218 (10" 0418 (0.030Y 281 (L
2 8 124 7.59 (015" 203 (15" 0.39]1 (0.028Y 36,7 (LE~
3 10 2140 T67 (012 191 (14 0.363 (0.027¢ MET™
4 7 220 T.70 (015 233N 0448 [0.032)° 302020
5 8 38 7.97 {0.13)° 715 0417 (0.028) N g B
& 7 2473 T.04 (0. 14" 206 (16)° 0.397 (00207 26.0 (1.5
T 7 2940 1.97{(0.14)" 194 (18" 0379 (0030 243 (18"
3 8 D3 7.95 (013 23315 0453 (0.028Y 293 (LT
Heifer progeny from Grafion

9 9 103 6.17{0.100" 144 (8.5 0.380 (0.023" 234(13F
10 15 120 6.18 {0.03)" 165 (733 0437 (D019 269 (11"
11 T 124 825 (0.11)° 133 (9.8)° 0353 (0.028)° 215 (15"
12 16 126 6.23 (0D.08)y° 152 (6.8 0394 ({I.BIS}”' M
13 13 285 6.16 (0.097° 138 (7.6 0.363 (0. C'"-'D} 223 (L. ”'}"
14 13 30.8 6.20 (0.08)" 146 (.1 0.383 (0.019}" 235 (LI

na = not available. Means within sexes and columms with different superscripts differ (P=0.05)

Table 3. P-values for fixed effects for traits in the Trangie bull and Grafton heifer data

Trant Cobort Weaight Agze Sire
Bull progeny

DMI kg'd 0.146 =0.001 0.445 0262
MP. zd 0.109 0392 0335 0.436
M gksz 0.107 0116 0296 0367
MY, gks 0.087 0.007 0611 0285
Hejfer progemy

DMI kz'd 0.383 <0001 0910 0.982
MP. z/d 0.691 0092 0.695 0.07L
ML gksz 0434 0554 0606 0.043
MY, gks 0775 0015 0.763 0.069

The heifers were the offspring of a mating between selected high and low MY phenotype bulls
to random females and these sires had a greater range in their own MY than did the sires used at
Trangie that had not been selected on MY (Table 2). However, as 15 apparent in Table 2, MY of
the sire was not associated with differences m the MY of their progeny. Supporhng this, the
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correlation of average MY for the progeny group with sire MY was not significant m either the
heifer data (/=0.30; P=0.57) or the bull data (=0.53; P=0.22}.

DISCUSSION

Preliminary results from this research project show large natural vanation between amimals in
MP, MI and MY . Some animals produced considerable less methane per day, per kg of weight and
per kg of feed intake than the average for this sample of animals. Site had a sigmificant effact for
MY, MI and approached significance for MP, in the heifer data. but not in the bull data. This is
consistent with the finding in sheep of sire effects on methane preduction intensity (Fobinson ef
al. 20107} and persistent between-amimal differences in methane yield (Pinares-Pitine ef al. 2003).
These results provide prelimmary evidence that selection for a methane production trart may be
possible. However. that MY of the sires, measured on unrestricted feed-intake of a high grain-
content feedlot ration, was not associated with differences in the MY of their progeny. tested om a
restricted feeding allowance of roughage diet, means these two methane measurements may be
different traits genetically.

This is an ongoing project. A team of the highest- and lowest-ranked Trangie bulls for MY
measured on restricted intake at the Grafton Fesearch Centre have now been used i both the
Trangie and Grafton research herds to pmdm‘e progeny that will be bom autumn 2011 and
measured for MY early in 3012, Cattle in both herds are routinely weighed and scanmed using
ultrasound for body composition traits. This data will be analysed to provide evidence of the
magnitude of individual variation between animals in MP, MI and MY, on the extent of genetic
variation and a preliminary estimate of heritability. and phenotypic correlations with size. growth
and body compnsiﬁcnn traits.

There 15 potential opportimity under Australia’s Carbon Famuing Initiative (Combet 2011) to
have genetic improvement feed efficiency and methane yield recogmised as a carbon offset
technology. Through the national genetic improvement scheme for beef cattle, BEEEDFL AN, the
Australian beef industry has a system for calculating breeding values that descmbe the genetic
merit of bulls. Breeding values for 2 methane production trait will require additional research to
deliver accredited protocols for GHG emission reduction through animal breeding.
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Paper presented to the 4th Annual World Congress of Industrial Biotechnology held
in Dalian, China, in May 2011.

[ ]
|m BIT's 4* Annual World Congress of Industrial Biotechnology -2011  Dalian « China

Title: Breeding Beef Cattle for Lower Greenhouse Gas Emissions

Dr. Robert Herd*, Dr Simon Bird, Dr Kath Donoghue, Prof Roger Hegarty, and Dr Paul Arthur
Principal Research Scientist and Adjunct Professor, Industry & Investment NSW Beef Industry Centre, University
of New England, Australia

Abstract

Cattle and sheep emit methane, a potent greenhouse gas (GHG), as part of the fermentation process in their stomach.
The FAO report "Livestock long shadow: environmental issues and options" (2006) claims that livestock production
is & major contributor to the world's environmental problems, contributing about 18% to global anthropogenic GHG
emissions. Enteric emissions from Australian livestock were estimated to be 55.6 Mt CO2-¢ or 10.4% of Australian
GHG emissions in 2010. Over 90% of Australian livestock emissions are from cattle and sheep, and currently beef
cattle are Australia’s largest single source of agricultural emissions. However, less than 5% of these emissions are
amenable to nutritional modification by changes in feeding, that is, largely restricted to cattle in feedlots, Traditional
selective breeding is the most wide-reaching tool for lasting reduction in the other 95% of emissions from eattle and
sheep grazing extensive pastures, Animal breeding strategies that reduce feed intake per unit of product result in
reduction of GHG emission intensity. Use of adapted and high producing cattle genotypes, selection and crossbreeding
have played, and will continue to play, a major role in reduction in GHG emissions.

Breeding for lower methane production rate per day may not be desirable because it could lead to reduction in feed
intake and favour smaller, slower growing animals. Methane yield, being methane produced per unit of feed eaten,
is currently the preferred measure by which to evaluate technologies for methane mitigation. Our preliminary results
show natural variation between animals in both daily methane production rate and in methane yield that may, in part,
be under genetic control. We have demonstrated that selection of sire can lead to significant differences in daily methane
production rate and in methane yield by their offspring. For a GHG reduction protocol to be acceptable in a carbon
trading/offset environment it needs to follow UN IPCC guidelines, be science based, quantifiable and be auditable.
Through the Australian genetic improvement scheme for beef cattle, Breedplan, the Australian beef cattle industry
already has a system in place for calculating and supplying to farmers breeding values that describe the genetic merit
of bulls. Breeding values for methane yield could also be developed through the Breedplan system. Additional research
into correlated traits and to quantify the GHG mitigation benefit will be required to deliver accredited protocols for
GHG emission reduction through animal breeding,

Biography

Dr Robert Herd has 35 years research experience, the last 28 years spent working to improve the efficiency, profitability
and sustainability of beef production. He currently leads original research into genetic variation in feed efficiency
and enteric methane production from ruminant livestock. Dr Herd is the author of over 50 scientific journal papers,
90 conference papers, 60 other publications and reports, a book chapter and editor of three workshop proceedings.

He is the immediate past-President of the Australian Society of Animal Production. He recently spent a year as an
English teacher at the Zhejiang University of Finance and Economics, Hangzhou, China.
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Principal reseanch sciantist Dr Ropar Hegarly, hopes rescarch will reveal cattle that eat wed and grow wal, i, at the same lime, emit less mefane per wit

Breed for less methane

NCITEMENT is bubbling over Aussie

E cattle burps. Mew evidence proves agrioul-

production of the potent greenhouse
gas. methane, can in part be genetically con-
trolled, say scientists in the Primary Industries
division of Indostry and [nvestment NEW {1
and 11,

After determining this in a first generation of
buls, they are now ot the stage of breeding a
sacond generation of low and high methane
emitting progeny, for meammmement next year.

To bring it down o everybody’s street bevel,
the researchers make an interesting comparison
betwoen the greenhouse pas emissions of 2 six-
cylimder family car and their highest methane
emitters.

“Cetting excited over catthe burps might seem
strange to some people, but not to us,” said Dr
Fobert Herd (pictured right), principal
research scentist at the Armidale Beef Industry
Centre of Excellence.

Methane in burps and in the air that cattle
breathe oal is a major confributor to otal
ereenhouse emissons from agricalmre.

Two years agn, the department’s scientists had
evidence that different bulks produced different
volumes of methane.

S0 bepan their breeding program o produce
fow methane emitters.

S.ms lnd dmghters of those bulls, now

", have just been measured for their
methane pmducl.lan

Offspring of the “best™ bull averaged (91

ms of methane emission per day, compared
with 236g'day by the offspring of the "worst”
bull.

“Grams of methane per day are 3 bit sbstract
w0 most of us,” sxid Dr Herd.

“CHimate scientists estimate that methane has
a ghobal warming potential abont 21 -times that
of carbon dioxide.

“On this basis, the best gronp of cattle were
producing the equivakent of four kilograms of
carbon dinxide daily, abow a quarter less than
the worst, at abont five kilograms a day,

“By comparison, a six-cyfinder family car
doing 20,000 kdlometres a year pmduu:s abot
12 kikograms of carbon diexide 2 day”

Importanily, the project is targeting "methane
yiekd

The principal Tesearch
scientist  leading  the
project at Armidale, Dr
Roger Hegarty, is quick [
o point out “methane
produced per umit of
feed miake must be
reduced”.

“We wani catile that
eat well and grow well,
but, at the same time,
produce less methane,”
Dr Heparty said.

Under Dr Hepgarty's
direction, the young
catthe in the depari-
ment’s Angus resexrch
Brerd were measured for
methane  and  feed
intake simuitaneonsiy
at the Grafion rescarch
station.

fior methane production (Prat: Reg Woodgata.)
while consumimg a roughape ration similar to
pood quality dry grass

To measure methane production, rescarchers
imsert @ smail gas cylinder, a bit larger than 1 D-
el battery, imto the ramen or forestomach of
the animal.

Chver the following days, the cylinder refeases
fracer gas

Resexrchers measure the ratio of tracer gas o
methane in the 2ir breathed out, to caloalate the
rate of methane produced by the animal

It is sl early davs but D Herd says the results
“give real hope that it may be possible tx breed
cattle that produce less methane”

The research team has now reached anather
significant milestone

55

The anlmal's hater 13 fited with a leatner
nose pateh that noids he gas collection
fubas ahova the nosiri, alioweng

They were measured CONENUOLS SIMPATG 0f exnaled gas.

In fune, Dr Kath Donoghue, animal breading
researcher at the Trangle Agricubtural Research
Centre, destgned the matings for the next gen-
eration of cattle.

Sthee used the “best” and the “worst™ new young
bulls from - among  those
measured at Grakon to join
to 250 Angus cows @l the
Trangie centre, and to anoth-
er 250 cows at | and I's Glen
Innes research station.

“We are breeding o new
N reneration of low and high
methane emitting cattle” D
Donoghue said.

“If we get the expected out-
come, that of produocing
some imly unique low
methane-emitting offspring,
it will be a world-firs
demonstration of breeding
cattle that produce less
greenhouse gas without sac-

ance.
The calves will be borm eardy
next year and will be meas-
ured for methane kate in 201 1L
D Hegarty says the project
is doing mmch more than d rating the

rificing growth perform- 3

Choose one of
three field trips

THE Anstralian Society of Animal Production’s
28th biennial conference will be held this
month at the University of MNew England,
Armidale.

“Producers and research and development
providers from around Austratia will come
together, to disozss the applhication of science
by the: vestock industries of Austrafia” said
one of the conference organisers, Robert
Herd

Dr Herd said Wednesday, haly 14, wonld be 2
stndout day.

The program will start with an animal welfare
forum and the afternoon session will inchude a
special showcase of science from the Sheep,
Beef and Pouliry Co-operative Research
Centres {CRCs) which will inchade several
bours,

Dr Herd, principal research scientist with
Industry 3nd Iovestment NSW at the Armidale
Eeel Industry Centre (befow), said participants
conld choose one of three trips.

“They can tour Kirby Farm for Sheep CRC
Information Nuclens Aock demdsnsirations,
jomn the Beef CRC for a wip to Toflimba beel
research feedbol, or visit Kootingal to inspect &
commercial arkey farm with the Pouliry
CRCT he said.

The tours will incude hunch. presentations
and demonstrations.

The conference starts with regstration on
fuly 11 and conclades on Faly 15 and Armidale
district producers are being offered 2 special
discounted day registration fee.

More information is available at
W asap.sn.an, of from Robert Herd,

(02} 6770 1808, or

robert. herdl?indmtry.nsw.mm‘.nu

l Dlmsa er before the day with Geoff
3 2202, or gl @une.eduau

.'—‘—-

|

enziteq owar cafile bups megnd
siange to s0me poaops, "bat rat o us” smnr
FADDECT Hard. A& S3C0M0 generstion of Iow and hign
metane emEting progeny 1S mow Deing bred,

pofential of conventional animal breeding o
reduce methane emissions.

“In our lab, and in labs of collsborators in
other States, we are investigating why wome
catile are able {0 digest grass efficiently bt
seemingly produce much less methane than
other cattle,” he said.

"1s it the microbe s in their stomachs? 15 it
the way their stomachs fnction?

“Knowing may enable us (o recommend feed
supplements or pasture péants that change how
wmnch methane i produced ™

Methane produced in bellies represents koss of
fieed energy, apart from being 1 greenhouse gas.

"Reducing methane  prodoction  means
improved efficiency of feed mse, and better for
the environment,” Dr Herd said.

In recognition, the project is funded by Meat
and Livestock Australin and the Australian
Government's Climate Change Research
Program.

m Contact Dr Robert Herd, [02) 6770 1808,

robert et &nd! o
K [Gz}Bﬁuth a0, or Dr Roger
hs-pm'lyﬁlndust‘y.lm Qov.AL

LEFT: Some of ha methans research foam: Myles
Lignt, Dr Robart Herd, D¢ Kath Donognus, Stuart
McCielland. Reg Woodgate and Shman Bird.
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Bid to breed cattle with less ‘burps’

Researchers from the Trangie
Agricultural Research Centre are
contributing to a genetic research
project which aims to reduce
gxethane emissions from beef cat-

€. .

NSW Department of Primary
Industries research scientist, Kath
Donoghue, said the project team
was working to identify traits
which could be selected to breed
low methane-producing cattle.

“Beef cattle emit methane gas
when theybelch and are responsi-
ble for about 10 per cent of the
nation’s greenhouse emissions,”
Dr Donoghue said.

“Methane ission

from

results indicate there is a genetic

and collecting information on
growth, carcase and fertility traits
which have a significant impact.
on profitability in beefherds.

“We are taking me

traits, and the consequences of

selection for low methane.”

Dr Donoghue said the research
was particularly significant and
levant to p -based exten-

from Angus cattle which were bred
as part of amethane selection line
developed by NSW DPI at its

Trangie and Glen Innes research -

stations,” shesaid. ~ ~

“These cattle are taken to anew
facility at the University of New
England in Armidale where their

vari 1in meth )
“That means we will be able to
select bulls which can be used in
breeding programs to produce
progeny with, natl"ua]ly lower

nearly 300 cattle have been meas-
ured to date and preliminary

Dr Donoghue said the projec
was ling methar ission:

&

emissions are measured in 10 spe-
cially designed methane cham-
bers.

“We are developing a better
understanding of the relation-
ships between methane emis-
sions and important production

sive beef production which con-
tributed 95 per cent of beef cattle
methane emissions.

“Less than five per cent of beef
cattle-generated methane emis-
sions can be managed in con-
trolled feeding situations, such as
feedlots.

“Improvement of animals by
traditional selective breeding is
the most wide-reaching, perma-
nent and simple tool to mitigate
emissions from the extensive cat-
tle sector,” she said. i

Calves born this year are due in

I NSW DPI technical officer, Dave Mula, oversees the herd from the methane selection line of Angus
cattle at the Trangie Agricultural Research Centre. See story page 8.
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Armidale to be monitored in the
methane chambers in early 2012
as part of the 500 records to be col-
lected by the end of the projec
nextyear. :
Selection lines for high and low:
methane production are continu-
ing at TARC and Glen Innes with -
the breeding program due to pro-
duce another round of calves in
2012. This project is part of the
Reducing  Emissions  from
Livestock Research Program,
which is supported by fundix;g,
from the Australian Government's
Department  of Agriculture%'
Fisheries and Forestry as part of
the Climate Change Research
Program and Meat & Livestock
Australia. i
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Good breeding
helps to reduce
greenhouse burps

SW Department of
Frimary Indwstries (DPL
researciers are

groenhonse emissions by reducing
the amount of methane belched by
beel cable.

MEW DP research soentist
Kath Dopoghne said ihe project
tesums 38 weor King o ddenity (raits
which cain be selectad to beaed
Jowe amstham e prodiscing cattle

*Cadtle emit methane gas when
they Bebid and e cattle are
responathle for abowt 10 of tha
nakbois greenhouse emissboms”
Dr Donoghue sadd.

“Wethane emisstons from 400
calile have been mesanred o date
and prediminary results imbcabe
kit gemedics peooint for a
variatiom in the amannt aof
methane cattle emat

T means we will be alide be
sebect Bulls which can be s in
bresdmg programs o produce

prageny with maturdly lower
miek hinte emissione.™
[rr Demogbme sxid the project is
alsoeollecting information on
granwbhy, varcise and fotilidy traies
which have a significant impact an
prafitability i heef herds
“We gre developing a better
underatanding of the relabonships
hetween methane emissiogs il
impeortamt prodoction trais, and
the eom=equences of selection for
lw-meetlane tralts,” she sabd.
“Thiz penetle rezearch =
particnlarly relevant i
rasture-hasad extensive hoef
productlon syateens wihilch
coslribinte 95% of beef catite
et hikibe @missions.
“Improvement of animaks by
Iraditbonal sedectve bresding 12
the mosl wide-reachlpg,
permtaneit i simgple tool ta
it gabe emssbons from the
extensive catile
segilor”
Beef cabtle in
fewsillnks make up
meas af the
remaining 3% -
thees: emisgicns
ramagel

by comtrelling feed indake

MNEW [Pl has bred a selection
I af angns catibe, with hlgh- ano
|-l ane prodocten fralls, at
itz Tramgie and Glen Innes
research slations

These cattle are sent o the
Universily of Mew England In
Armidale where NEW DF1
researchers nse specially designed
metkane cleambsers o take preocl=s
A TeETeniE.

By the end of the project this
yisar, records from e 500 cattle
sl gcted] froml the NSW DD angas
P will hanve been collected amd
analysed

This project is supparted by
funiing fram the Ansiralian
Civermmend’s Deparbment of
Apricialivre, Fiheries and
Forestry as pact of the Clinsate
Chamge Research Program anid
Meat & Livestock Awstralia
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Breeding reduces burp:

NSW Depariment of Primary
Inclusiries (Pl researchers e
comtribaning o a progect which
aims o reduce agdeulnial preen-
homsse emseions by seducing the
amount of methane belched by
bl cultle.

MEW D meseanch scientlsl,
Kath Dhonroghase, said e probect
temm is working 1o identify tmits
which can be selected to beeed
kv methane producing catile,

“Catthe emit methane gas when
they belch and beef cattle are
responsthie for about 10 per cent
af the nation's greenbaiss smis-
sions,” D Donaeghve said,

“Methane emissions fraom il
caftle have been measured to
date and prediminary results indi-
cate thar genetics aocount for
wamalion  in the amount af
rniethane catibs emit.

“That means wa will be able o
selest udls which can be used in
hreeding proprams to produce
progeny with namrally  lower
rrrthire emissi one”

Dir Daonoghue said the propect
15 gllsa callecting information on
growth, carcase and feriillity traits
which have a significant impact
an profitahility in beef hends,

“We are developing a heter
underaanding of the relation-
ships berwesn methane emls.
slons and important prodoction
s, and the comseduences of
ebection for booy mmethane taits,”
she saicl,

“This genebic research is par

ticdarly relevant o pasine-
based extensive beel production
systemns which conmbate B5 per
vent of beef catthe methane emis-
SIS,

“Improvemsent of animsids by
traditional selective breeding is
Hheer oot widl:-naul'.ing. pemmna
nent and simple ool 1o mitigate
ernissions from the extensive cat-
the pectoe”

Bieef catile in feedbots make up
mast of the mmalning five per
cent — those emBssions can be
managed by conmrolling feed
Imake.

BEW DFE has bred a selection
lne of Anpus canile, with high and
lerwe rreethame peoducbion traits, at
its Trangie and Glen  Innes

rescarch stations,

These canthe are zent 1o the
University of MNew England in
Armibdale  where  NSW o DPI
researchers  use  specially
designed methane chambers o
talke PEeCEe MPRSIIRITETIIS,

By the end of ihe project this
year, recunds from the 500 cattle
selevied froan the MAW DPLAnpus
T will harve been collscbed and
analysied.

Thiz praject is supparted by
funding frorm the Australian
Goverznrents Departieent of
Agriculture, Fisheries and
Farestry g8 part of the Chintate
Change Research Program and

Mear & Livestock Australla,

NEW: Capartmant of Primary Industries researchars are leoking 8t

wayd to meduce the amoent of methane producad by baed cattha.
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More research, less methane

NSW Department of
Primary Industries
(DPI) researchers are
contributing to a proj-
ect which aims to
reduce greenhouse
emissions, by reducing
the amount of methane
belched by beef cattle.

NSW DPl research sci-
entist, Kath Donoghue,
said the project team is
working to identify
traits which can be
selected to breed low
methane producing cat-
tle.

“Cattle emit methane
gas when they belch
and beef cattle are
responsible for about 10
per cent of the nations
greenhouse emissions,”
Dr Donoghue said.

Methane emissions

been measured to date
and preliminary results
indicate that genetics
account for a variation
in the amount of
methane cattle emit.

That means
researchers will be
able to select bulls
which can be used in
breeding programs to
produce progeny with
naturally lower
methane emissions.

Dr Donoghue said the
projectis also collecting
information on growth,
carcase and fertility
traits which have a sig-
nificant impact on prof-
itability in beef herds.

“We are developing a
better understanding of
the relationships
between methane emis-

duction traits, and the
consequences of selec-
tion for low methane
traits,” she said.

“This genetic
research is particularly
relevant to pasture-
based extensive beef
production  systems
which contribute 95 per
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Good breeding reduces the burps

The reduction of agricultural greenhouse emissions
by Beef cattle belching methane is the subject of
researchers from the NSW Department of Primary
Industries (DPI).

NSW DPI research scientist, Kath Donoghue,
said the project team is working to identify traits
which can be sclected to breed low methane
producing cattle.

“Cattle emit methane gas when they belch and
beef cattle are responsible for about 10 per cent of
lI]gdnatiun's greenhouse emissions,” Dr Donoghue
said.

*Methane emissions from 400 cattle have been
measured to date and preliminary results indicate
that genetics account for a variation in the amount
of methane cattle emit.

“That means we will be able to select bulls
which can be used in breeding programs to
produce progeny with naturally lower methane
emissions.”

Dr Donoghue said the project is also
collecting information on growth, carcase and

fertility traits which have a significant impact on
profitability in beef herds.

“We are developing a better understanding of
the relationships between methane emissions and
important production traits, and the consequences
of selection for low methane traits,” she said.

“This genetic research is particularly relevant
to pasture-based extensive beef production
systems which contribute 95 per cent of beef cattle
methane emissions.

“Improvement of animals by traditional
selective breeding is the most wide-reaching,
permanent and simple tool to mitigate emissions
from the extensive cattle sector.”

Beef cattle in feedlots make up most of the
remaining five per cent — those emissions can be
managed by controlling feed intake.

NSW DPI has bred a selection line of Angus
cattle, with high and low methane production traits,
at its Trangie and Glen Innes research stations.

These cattle are sent to the University of New
England in Armidale where NSW DPI researchers
use specially designed methane chambers to take
precise measurements.

By the end of the project this year, records from
the 500 cattle selected from the NSW DP1 Angus
herd will have been collected and analysed.

From The Armidale Independent Newspaper. 15 February 2012.
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Weekly wrap-up News, highlights and reminders

I 1<\ DP] staff working hard on floods

g Minister for Primary Industries, Katrina Hodakinson, has praised NSW DPI-stafi, wha are working
around the clock to help fiood-affected farmers get back on their feet, while visiting Moree on 8
February. Aircraft supporting floed recovery efforts are eperating out of the Moree, Marrabri and
Brewarrina areas. Picured: Flood response team members Rebecca Byme, Simon Oliver, Minister
Hodgkinson, Greg Mills, Jane Edwards - General Manager of Morth West LHFA, Troy Grant - NSW
Parliamentary Secretary for Natural Resources, and Janelle Montgomery. » ABC Country Hour
interview with Minister Hodgkinson. | mare

LBi and ZINFI Technologies choose Sydney

Sydney's position as Australia’s leading centre for creative digital content development will receive
a boostwith London-based Lost Boys International (LB}, one of the world's largest glabal
marketing and technology agencies, and ZINFI Technologies, a Silicon Valley-based IT marketing
and professional services companies, expecting to create up te 25 new jobs in 2012, NSW Trade &
Investment has been warking with the companies to secure their investments and help them
establish here, Pictured: Deputy Premier Andrew Stoner with Shailei Forrester from LBi and Monica
Awad from NSW Trade & Investment

Statewide survey profiles liquor industry

The Office of Liquor, Gaming and Racing has kicked off its biennial survey. Every liquor licensee in
MSW will answer questions about venue operations, participation in liquor accords, and staff
numbers. The data will provide a snapshot of the State's liquor industry, ensure continued accuracy
of official licensing databases, and inform regulatory initiatives. Mare than 16,900 pubs, nightclubs,
restaurants, bottle shops, registered clubs, wineries, vessels and race tracks will participate in
survey, which runs until 31 March. » more

NSV DPI research scientist star in popular shark documentary

The groundbreaking wark of NSW DPI shark scientists featured in an hour-lang documentary on the
ABC on 14 February. Filmmaker Michael Lynch of Ultramarine Films and his team spent two years
trailing NSW DPI researchers, Dr Amy Smaothey and Dr Vic Peddemars from the Cronulla
Fisheries Research Centre, as they studied the secret world of bull sharks in the heart of
Australia's biggest city. When it aired on the Mational Geographic Channel in the United States, the
program received the best ratings ever, for thattime siot, in the history of the channel. » watch iton
[View (expires 28 February)

MNSW supports Aussie technology startups in Silicon Valley

NSW Trade & Investment will help local technology startup companies trying to get a foothold in
Silicon Valley by assisting with the costs of renting office space and accommodation at a new
technology incubater” in San Francisco. Starlp House will provide up to 12 early-stage technology
companies and entrepreneurs with an environment where they can connect with fellow
entrepreneurs and mentors. Pictured: Deputy Premier Andrew Stoner with Nigel Warren, Australian
Consul Gengral in San Francisce, and Elias Bizannes, a StartUp House founder.  more

Good breeding reduces greenhouse burps

MNSW DPI s participating in a projectto reduce agricultural greenhouse emissions by reducing the
amount of methane belched by beef caltle. Beef cattle are responsible for about 10 per cent of the
natien’'s greennouse emissions. Trangie and Glenn Innes research stations have bred a selection
ling of Angus cattie, with high and low methane production traits, and will highlight the latest
research results af a field day at Tranaie Agricultural Research Centre on 2 May. Pictured: Dave

Daong
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= Appointment of Executive Directar, Fisheries NSW
Dr Geoff Allan has been appointed as Executive Director, Fisheries NSW. Geoff has
worked in fisheries related areas for over ears and is recognised nationally and
internationally as an expert in aguaculture science. 10/02/2012

« Mike Williams receives Public Senvice Medal &
Mike Williams PSW, Groundwater Manager, received the Public Service Medal for his
senices to water management, in particular groundwater in this years Australia
Day honaurs list 0
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= New policy on drafting and submitting Cabinet Minutes
Anew policy has been developed te guide the drafling and submissien of Cabinet
Minutes by NSW Trade & Investment staff 1 z

= Appointment of CEQ NSW Foed Authority Iﬁ
Ms Polly Bennett has been appeinted Chief Executive Officer, NSW Food
Autharity

812012

= Message from the Director General (video) 5]
opicis)y Looking back at the achieyements in the first elght months of NSW Trade &
Investment ; best wishes for Christmas and New Year
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