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Agriculture emissions and projections (WEM) 1990-2030
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Presenter Notes
Presentation Notes
Environmental Protection agency report issued in June 2022 – calling for implementation of mitigation strategies and expecting Agricultural emissions to rise by 2% by 2030, with the current target set for 25% reduction by 2030. Looking at the prediction model used with existing measures, enteric methane is expected to remain constant between now and 2030. Anything we can do to reduce enteric methane will help achieve reduction targets.
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e 10 GreenFeed Machines
e @Gas flux measurement
* CH, and CO,

* Bait feed dropped

* Every 30 seconds

* Aim: Keep animal at GF for 3-5 mins
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Presenter Notes
Presentation Notes
Methane measure commenced in Tully, Co. Kildare Ireland in 2018, with now 10 GreenFeed machines in operation. Tully is a Phenotyping farm – but commercial feedlot, so all animals brought to slaughter. Set up in a loose barn, requiring the animal to visit independently through out the day. 21-30 feed and GF acclimatization.
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Presenter Notes
Presentation Notes
Phenotypes recorded on 1508 indoor finishing animals between 2018-2022. Crossbred Steers, heifers and young bulls. 37 intakes. Range of test length 16-90 days. Animals varied in type – with beef, dairy and dairy beef progeny being on test. In addition to the methane data recording, all animals are genotyped and sire verified, have feed intake recorded using Insentec systems, are weighed frequently throughout the test period, alongside having muscle scanning and full carcass data at slaughter, with all information sources flowing directly into the ICBF database.


Defining the trait
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Presenter Notes
Presentation Notes
Greenfeeds produce multiple measurements per day, expressed in a grams per day value. All at a phenotype level No consensus yet in the area as to what trait should be utilized for incorporation into breeding goals. One option we investigated was a spot measure evaluation of repeated records, allowing for the inclusion of time of day of measurement in the model. Our next options focused on breaking the day down into 3-, 6- or 12-hour periods, and averaging of measurements within those periods, resulting in less repeated measures than the spot measure approach. We also examined a number of daily average approaches, including a 1-day repeated measure, a 5-, 10- and 15-day measure and a full test average that incorporated all spot measures in to one average value with no time-of-day effect. Similarly, corresponding traits for carbon dioxide and feed intake were also investigated


Genetic analysis

 Estimate genetic parameters
* CH, CO, DMI

e Across breed model

 Impact of averaging period

Why?
Calculate EBVs

Ultimately: include trait in breeding goal

What could that look like?

Full test average model:
y = CG (GFxGroup) + breed + heterosis + age + a + e
Multi-day average repeated model:

y = Model 1 + PE

within period
Hourly averaged repeated model:

y = Model 2 + PE

within day

Spot measure repeated model:

y = Model 1 + time of day + PE ;i1 gay
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Presenter Notes
Presentation Notes
The aim of the research was to estimate genetic parameters for methane, carbon dioxide and feed intake, using an across breed model, to assess the impact of the averaging period. The goal was to calculate EBVs for all 9 traits, and start the discussion on what a methane trait would look like for the breeding goal. Across the 9 traits, 4 basic models were used, the simplest being a full test average model, with each animal having a single record, and contemporary group combining the cohort and GreenFeed machine number. The 4 multi-day average models used a repeated record model, with contemporary group similar to the full test average, with the addition of time period of measurement included. The 3 hourly averaged traits had an additional PE effect to account for both within same day measurements and within averaging period. Lastly the spot measure repeated record model had an additional fixed effect to capture the time of day of measurement, with contemporary group capturing the cohort, machine and date of measurement


Trait definition: Impact on heritability
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Presenter Notes
Presentation Notes
Heritability estimates for methane, carbon dioxide were larger in line with literature, however longer averaging periods saw a reduction in residual variance and higher heritabilities, albeit with larger standard errors. Heritability for methane ranged from 0.09 to 0.43, carbon dioxide from 0.17 to 0.5. Lower heritabilities were seen in smaller accumulation periods of feed intake, with larger averaging periods resulting in estimates in line with existing literature. From these results we can conclude that methane is moderately heritable



DMI

CH4 Spot measure* CO2 Spot measure*
0.8

-\ CO2 3-hour average

CHA4 Full test average CH4 3-hour average CO2 Full test average

CH4 15-day average CH4 6-hour average CO2 15-day average 02 6-hour average

CH4 10-day average CH4 12-hour average CO2 10-day average CO2 12-hour average

CH4 5-day average CH4 1-day average CO2 5-day average CO2 1-day average

CH, and CO, both strongly correlated with DMI

*Genetic correlation between spot measure and DMI with 1-day average
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Presenter Notes
Presentation Notes
We decided to investigate the relationship between methane across definitions with feed intake. Moderate to strong correlations were observed between methane and feed intake, with the strongest correlation observed between spot measure methane and a daily average feed intake of 0.74. Similarly, a strong correlation was observed between carbon dioxide and feed intake, with stronger correlations observed in smaller time periods (spot measure, 3/6 hour). Methane and carbon dioxide are both strongly correlated with DMI, which provides opportunity in situations where DMI may not be able to be recorded


EBV validation

1. AP-on-EBV 2. EBV-on-EBV
e Adjusted Phenotype (YDs) * Whole evaluation v partial evaluation
* VanRaden and Wiggans (1991) * Legarra & Reverter (2018) (LR method)

* Phenotype adjusted for CG, age, heterosis

* 3 metrics averaged across replicates * 3 metrics averaged across replicates
* Correlation e Level Bias
* Adjusted Correlation (adj. for heritability) * Dispersion Bias
* Slope * Ratio Accuracy

2018 2022
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Presenter Notes
Presentation Notes
2 methods of validation were used to validate the resulting methane EBVs. Method one utilized a traditional yield deviation approach, where by phenotypes were adjusted for contemp group, age and heterosis. The Limitation of adjusted phenotype validation is how well the phenotype is adjusted. 3 metrics were used to assess how full EBVs compared to the adjusted phenotypes.
Validation method 2 used the LR method and compared whole evaluation EBVs to partial evaluations, with 3 metrics, level bias, dispersion bias and ratio accuracy.
Each validation had 4 replicates, where 25% of phenotyped animals had their phenotypes masked, based on when they started trial. All metrics were reported as weighted averages of results across replicates


CH, Validation: 1. AP-on-EBV
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Presenter Notes
Presentation Notes
Our validation results: Compared ebv to Yield deviations to get our metrics. The raw correlation shows no clear preference for one trait over another, however when we adjust for heritability, relative to an expectation of 1, 6-hour seems to validate best. The adjustment for heritability is necessary with the wide range of heritabilities from 0.09 to 0.43. Slope, again, relative to the expectation of 1, spot measure looks best


CH, Validation: 2. EBV-on-EBV
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Presenter Notes
Presentation Notes
Method 2 validation- LR method results in three metrics. Level bias, has an expectation of zero and is the difference between the Parental average EBV and the whole evaluation EBV, with the least level bias observed in the spot measure evaluation. Dispersionbias, has an expectation of 1, and observe in the 12 hour average trait. Multi day traits perform similarly to each other. Ratio accuracy, also has an expectation of 1, with spot measure methane achieving 0.38, and all replicated performing better than the full test average.


i)
(%)
.u
©
(q0)
@)
+—
§®)
Q
Q
C
(q0]
(%)
-+
()
Q
o0
(o]0]
>
Vg

for time-of-day of
recording

I I I I
12 14 16 18 20 22

10

(AepssilelE) uonanpold aueliay

=
-
[
=
=
oL
)
a
o
L=
b
E
_l

AgTech - it's in our DNA

IRISH RESEARCH COUNCIL

An Chomhairle um Thaighde in Eirinn

@



Presenter Notes
Presentation Notes
Our spot measure evaluation which performs best on 3 of 6 validation metrics, is the only model that allows for the inclusion of a time of day variable in the model, which no averaged phenotype allows for. When we look at methane phenotypically, Lowest levels of CH4 were observed in the morning between 5:00 and 10:00 with a mean CH4 of 204g/day, whereas the highest levels of CH4 emissions were observed in the afternoon between 15:00 and 18:00 with a mean CH4 of 302g/day, a nearly 100gram difference depending on time of day. Which supports the need for time of day inclusion in the model.


e Stand alone trait
* Available on sires with tested progeny

* Gross methane in grams per day
e Spot measure bivariate with DMI

* More negative values desirable

¢ CategO r i S e d a S FaVO U ra b I e/ U n fa VO U ra b I e ICBF test evaluations for Gross Methane genomic predicted transmitting abilities

Methane PTAs are provided for All Al Bulls - Beef & Dairy

1,525 Tully cattle with methane phenotypes and 3,348 animals with feed intake phenotypes were used in this evaluation.
The most desirable PTAs are negative indicating the progeny will emit less methane. The trait is measured in grams per day
The data has been collected at the Tully beef performance research centre

@ICBF2020. For more information please call 0238820452 or log onto www.icbf.com

, . Direction of PTA | Methane | Num | “ENU™ Avg
Main Birth 5 Methane N o .| records | Avg Age |Methane

l ° ’ ° Tag Name reed | vear |OMMeT Adive | T relative t.n average | Reliability | Progenyin per | progeny -

e ‘Stepping stone’ for industr o * | »

progeny rogeny

p p g y DMM DAMONA LM 2008 EUROGENE]LIC AlIBULLS ¥y -27.87 60 7 287 570 181

LM2188 |WILODGE JOSKINS M 2014 DOVEA GENETICS ¥y -24.7 36 1 446 481 160

LM2116 ITOMSCHOICE IRONSTONE M 2013 NATIONAL CATTLE BREEDING CNTR -24.49 70 11 173 459 173

. . . . LM4007 ITOMSCHOICE JET M 2014 EURDGENE]LIC Al BULLS -24.26 61 7 243 487 205

. I n fo r m I n g b re e d I n g d e C I S I O n S ZAG CASTLEVIEW GAZELLE M 2011 NATIONAL CATTLE BREEDING CNTR Vi -23.95 67 2 267 471 156

LM2151 BALLYGARVAN STUD IKE M 2013 LAND MATERNAL PROGR -23.95 59 5 194 461 188

LM4027 EXCEL M 2009 BOvA Vi -23.85 63 9 218 455 155

LM5608 NOOB M 2017 NATIONAL CATTLE BREEDING CNTR Vi -22.29 F 59 7 227 269 242

LM5983 1X M 2013 LAND MATERNAL PROGR -22.09 F 47 3 294 459 159

LMs443 BROOKLANDS MARCO M 2017 DOVEA GENETICS Y -21.09 F 37 1 188 703 202

LM2206 ELITE ICE CREAM ET M 2013 NATIONAL CATTLE BREEDING CNTR -20.79 Favourable 30 1 347 440 179

PI2157 KILREE LEO Pl 2014 GENEIRELAND MATERNAL PROGR -20.75 Favourable 57 13 211 480 189

LM4569 CORCAMORE LORCAN M 2016 GENEIRELAND MATERNAL PROGR -20.43 Favourable 68 10 243 488 190
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Presenter Notes
Presentation Notes
This research has been implemented and since April, the roll out of methane EBVs has begun in Ireland, initially as a standalone trait, with methane gEBVs available on sires with test progeny. EBVs for methane are expressed in grams per day, and derived from a bivariate with feed intake. Initial ebvs are not included in indexes, and have been categorised as favourable (negative values) or unfavourable (positive values). EBVs made available to the industry to act as a stepping stone for future breeding decisions.



* Increased averaging period — higher heritability

Estimates largely in line with literature

* CH, & CO, positively, strongly correlated with DMI

* Spot measure CH, validating well

What’s next?
e Scale up recording

* Additional data collection — grass-based systems, cow records

* CO, as proxy for DMI?
Continue validation work
Establish best trait for profit index...

e
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Presenter Notes
Presentation Notes
Thank everyone at the employment partner, my academic supervisor, Deirdre Purfield and the Irish Research Council for funding the employment based post grad programme. 


	Reducing Methane Emissions: Foundations for Genetic Evaluations for Sustainable Irish Beef Cattle
	Why is methane important?
	Methane Measurement
	Data available
	Defining the trait
	Data analysis
	Trait definition: Impact on heritability
	Genetic correlations with DMI
	EBV validation
	CH4 Validation: 1. AP-on-EBV
	Slide Number 11
	Diurnal CH4 Pattern
	CH4 Breeding Values
	Conclusions
	Acknowledgements

