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INTRODUCTION

• Dairy cattle is known to be impactful on greenhouse gasses (GHG) emissions with
its enteric emissions for over 10% of the emissions from livestock sector globally
(Gerber et. Al., 2013).

• Methane (CH4) and carbon dioxide (CO2) emissions have been shown to be
heritable, providing the basis for applying genetic selection for their reduction
(Cassandro et al., 2010).

• Selection could be applied by selecting directly for breath measurements, or using
indirect selection including indicator traits such as feed intake (de Haas et al., 2017;
Niero et al., 2020).

• How to record and streamline all the needed phenotype?
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OBJECTIVE

• Describe the collection protocol for growth, feed efficiency and greenhouse
gas (GHG) emissions in young Italian Holstein bulls;

• These phenotypes collected are used to estimate genetic parameters for
verifying the feasability of (direct and indirect) selection for reduced GHG
emissions in Italian Holstein cattle;

• Creation of a streamline of this data;

• Extension of the estimation of GHG emissions at population level.
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MATERIAL AND METHODS
Animals:

• 221 young genotyped Italian bulls undergoing progeny test at ANAFIBJ Genetic Center;

• 171-541 days of age (growing animals);

• 61,591 SNP available after editing.

Equipment:

• Roughage Intake Control system units (RIC; Hokofarm Group, Voorsterweg,The Netherlands);

• Automated Head-Chamber System (AHCS; GreenFeed C-Lock Inc.,Rapid City, SD,USA).
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MATERIAL AND METHODS
Data from animals:
• Body weight (WEI);
• Body Condition Score (BCS);
• Heart girth (HG);
• Height (HEI).

RIC DATA:
• Visits at the feeder per day (NVF);
• Average intake at the feeder (AIF);
• Average time at the feeder (ATF).

Data from GreenFeed:
• Number of visits (NVG);
• Carbon-dioxide daily emissions (CO2);
• Methane daily emission (CH4);
• Average airflow (AIR);
• Average time (ATG).
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STATISTICAL ANALYSIS

Y = Xb + Zdd + Zpp + Zaa + e

Y = phenotypic records;
X = incidence matrix for the fixed effects (age at phenotyping, date of birth);
b = vector of solutions for the fixed effects (age at phenotyping, date of birth);
Zd = incidence matrix for the «date of recording» uncorrelated random effect;
d = vector of solutions for the «date of recording» uncorrelated random effect;
Zp = incidence matrix for the animal permanent environmental uncorrelated random effect;
p = vector of solutions for the animal permanent environmental uncorrelated random effect;
Za = incidence matrix for the animal additive genetic random effect (with genomic relationship matrix);
a = vector of solutions for the animal additive genetic random effect (with genomic relationship matrix);
E = random residuals
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RESULTS
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Descriptive statistics
Trait Metric N Mean SD

WEI kg 885 309.3 77.5
BCS score 849 3.0 0.3
HG cm 715 157.3 14.2

HEI cm 714 125.5 7.7
EFFICIENCY TRAITS

NVF count 7,150 26.0 11.6
AIF kg 7,150 0.3 0.1
ATF s 7,150 317.0 117.1

GREENFEED TRAITS
NVG count 2,817 3.9 1.7
CO2 g/d 2,817 6198.2 1103.9
CH4 g/d 2,817 223.6 51.8
AIR L/s 2,817 29.2 4.0
ATG s 2,817 329.3 87.5
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Heritability estimatesTrait h2 Animal p.e. Date of recording

WEI 0.45  (0.24) 0.428  (0.212) 0.039  (0.015)
BCS 0.51  (0.20) 0.266  (0.168) 0.023  (0.010)
HG 0.44  (0.25) 0.433  (0.223) 0.045  (0.018)
HEI 0.39  (0.23) 0.438  (0.196) 0.005  (0.004)

NVF 0.31  (0.12) 0.115  (0.072) 0.287  (0.029)
AIF 0.17  (0.15) 0.377  (0.105) 0.059  (0.008)
ATF 0.29  (0.18) 0.374  (0.142) 0.044  (0.008)

NVG 0.36  (0.11) 0.076  (0.066) 0.090  (0.015)
CO2 0.48  (0.21) 0.258  (0.164) 0.082  (0.017)
CH4 0.40  (0.17) 0.159  (0.113) 0.078  (0.015)
AIR 0.45  (0.09) 0.099  (0.053) 0.439  (0.049)
ATG 0.24  (0.11) 0.072  (0.057) 0.127  (0.020)
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Genetic correlations

WEI BCS HG HEI NVF AIF NVG CO2 CH4 AIR

WEI 0.84 0.75 0.64

BCS 0.84 0.72 0.55

HG 0.75 0.72 0.11

HEI 0.64 0.55 0.11

NVF 0.75

AIF 0.75

NVG 0.70 0.77 0.92

CO2 0.70 0.81 0.81

CH4 0.77 0.81 0.83

AIR 0.92 0.81 0.83
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Genetic correlations

WEI BCS HG HEI NVF AIF NVG CO2 CH4 AIR

WEI 0.84 0.75 0.64 0.95 0.99

BCS 0.84 0.72 0.55 0.90 0.98

HG 0.75 0.72 0.11 0.90 0.98

HEI 0.64 0.55 0.11 0.90 0.97

NVF 0.95 0.90 0.90 0.90 0.75

AIF 0.99 0.98 0.98 0.97 0.75

NVG 0.70 0.77 0.92

CO2 0.70 0.81 0.81

CH4 0.77 0.81 0.83

AIR 0.92 0.81 0.83
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Genetic correlations

WEI BCS HG HEI NVF AIF NVG CO2 CH4 AIR

WEI 0.84 0.75 0.64 0.95 0.99

BCS 0.84 0.72 0.55 0.90 0.98

HG 0.75 0.72 0.11 0.90 0.98

HEI 0.64 0.55 0.11 0.90 0.97

NVF 0.95 0.90 0.90 0.90 0.75 0.73 0.63 0.67 0.69

AIF 0.99 0.98 0.98 0.97 0.75 0.67 0.55 0.58 0.61

NVG 0.73 0.67 0.70 0.77 0.92

CO2 0.63 0.55 0.70 0.81 0.81

CH4 0.67 0.58 0.77 0.81 0.83

AIR 0.69 0.61 0.92 0.81 0.83
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Genetic correlations

WEI BCS HG HEI NVF AIF NVG CO2 CH4 AIR

WEI 0.84 0.75 0.64 0.95 0.99 0.93 0.92 0.92 0.94

BCS 0.84 0.72 0.55 0.90 0.98 0.97 0.93 0.93 0.95

HG 0.75 0.72 0.11 0.90 0.98 0.94 0.90 0.90 0.94

HEI 0.64 0.55 0.11 0.90 0.97 0.95 0.92 0.92 0.95

NVF 0.95 0.90 0.90 0.90 0.75 0.73 0.63 0.67 0.69

AIF 0.99 0.98 0.98 0.97 0.75 0.67 0.55 0.58 0.61

NVG 0.93 0.96 0.94 0.95 0.73 0.67 0.70 0.77 0.92

CO2 0.92 0.93 0.90 0.93 0.63 0.55 0.70 0.81 0.81

CH4 0.92 0.93 0.90 0.92 0.67 0.58 0.77 0.81 0.83

AIR 0.94 0.95 0.94 0.95 0.69 0.61 0.92 0.81 0.83
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Genetic correlations

WEI BCS HG HEI NVF AIF NVG CO2 CH4 AIR

WEI 0.84 0.75 0.64 0.95 0.99 0.93 0.92 0.92 0.94

BCS 0.84 0.72 0.55 0.90 0.98 0.97 0.93 0.93 0.95

HG 0.75 0.72 0.11 0.90 0.98 0.94 0.90 0.90 0.94

HEI 0.64 0.55 0.11 0.90 0.97 0.95 0.92 0.92 0.95

NVF 0.95 0.90 0.90 0.90 0.75 0.73 0.63 0.67 0.69

AIF 0.99 0.98 0.98 0.97 0.75 0.67 0.55 0.58 0.61

NVG 0.93 0.96 0.94 0.95 0.73 0.67 0.70 0.77 0.92

CO2 0.92 0.93 0.90 0.93 0.63 0.55 0.70 0.81 0.81

CH4 0.92 0.93 0.90 0.92 0.67 0.58 0.77 0.81 0.83

AIR 0.94 0.95 0.94 0.95 0.69 0.61 0.92 0.81 0.83
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CH4 CO2
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DISCUSSION

• We used daily records.

• We could have used:

• Single-visit records

• Overall performance-test average
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DISCUSSION

Single-visit records

• Pros:

• Multiple records per animal per day

• Possibility to reduce noise by modeling

• Cons:

• Individuals with more visits get more records..

• Number of visits shows heritable variation
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DISCUSSION

Overall performance-test average

• Pros:

• Possibility to calculate residual feed intake

• All individuals have the same number of observations

• Cons:

• Impossible to disentangle genetic from perm. env. eff.

• Average value might contain noise
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CONCLUSIONS

• Selection indices could be built in order to reduce GHG emissions without
compromising growth, BCS, stature and feed intake;

• Feed efficiency and GHG emissions need to be adjusted by growth, size and
production records from cows that are sibs of the tested bulls;

• Test some daughters of these bulls and re-estimate genetic correlations between
bulls and cowsCooperation is needed…
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THANKS FOR THE ATTENTION!
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