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Solutions to achieve net zero carbon emissions
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Zhang et al. (2022) in GCB
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Alfaro & Mejias (2022) in ISBN-13: 978-84-95531-63-6 from FAO 
(2016)

Globally ~12% of total anthropogenic GHG emissions (direct and indirect) (FAO,2023)
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• Reduce Methane from enteric 
fermentation

• Reduce Feed associated CO2 from 
improving Feed Efficiency
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•Contribution of livestock to society
•Healthy diet
•Rural development and landscape maintanance
•Negative consequences of eliminating livestock
•Increase sustainability without compromising food 
security. New technologies and innovations are 
required.

•Evaluate each case scenario

Solutions to achieve net zero carbon emissions
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Low cost

Permanent

Cumulative

1. Implement proper calculation of 
GHG emissions

2. Nutrition
3. Technology: in-farm use of 

methane
4. Genetics

Targeted breeding can result in future 
generations of cattle with naturally lower 
emissions
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• If you cannot measure it, you cannot improve it. 

“When you can measure what you are speaking about, and express 
it in numbers, you know something about it; but when you cannot 
measure it, when you cannot express it in numbers, your 
knowledge is of a meagre and unsatisfactory kind.”

MEASURING METHANE

Lord Kelvin (1824 – 1907)
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METHANE PHENOTYPING

Precision farming

Genotypes (50k SNPs)
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1. Recording methane in commercial and experimental farms

METHANE PHENOTYPING

Samples= 3281 dairy cows in 34 farms
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1. Recording methane and DMI in commercial and experimental farms

2. Genomic selection (genotyping, phenotyping). International collaborations 
(AUS, CAN, DNK, ESP, GER, NDL, SWI, USA)

METHANE PHENOTYPING
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• Phenotype definition

METHANE PHENOTYPING

1. Mean CH4 (by second and every 5 s)

Weekly averages were used for all phenotypes

Prod CH4
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2.  Sum of peaks CH4 (by second and every 5 s)
3.  Sum of max peaks CH4

4.  Area under the curve (AUC CH4)
5.  Ratio of (mean) CH4/CO2
6.  CH4 grams per day (Madsen et al., 2010)
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7. CH4 grams per day (in-house*)
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Heritabilities
Trait h2 h2 (van Breukelen) r2

Mean CH4 (ppm) 0.08 (0.05-0.11) 0.54 (0.52;0.56)

Mean CH4 5 s(ppm) 0.08 (0.05-0.11) 0.21-0.27 0.54 (0.53;0.56)

Sum of peaks CH4 (ppm) 0.09 (0.06;0.12) 0.55 (0.53;0.57)

Sum of peaks CH4 5s (ppm) 0.10 (0.06;0.13) 0.55 (0.53;0.57)

Sum of max peaks (ppm) 0.08 (0.05;0.11) 0.52 (0.50;0.54)

AUC CH4 (ppm) 0.10 (0.07;0.13) 0.55 (0.53;0.57)

CO2 (ppm) 0.02 (0.004;0.04) 0.23-0.44 0.58 (0.56;0.60)

CO2 (L/d)* 0.02 (0.004;0.05) 0.61 (0.59;63

Ratio CH4/CO2 0.10 (0.05;0.16) 0.02 0.42 (0.39;0.45)

MeP (g/d) (Madsen eq) 0.12 (0.06;0.17) 0.33 (GF) 0.51 (0.48;0.54)

MeP (g/d)* 0.10 (0.04;0.15) 0.55 (0.53;0.58)

Low to moderate heritabilities and large repeatibility



Título de la diapositivaTítulo de la diapositiva

Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria 

Results: Genetic correlations between methane traits

Traits
Mean 
CH4

Mean CH4 5 
s MeP (g/d)*0

Sum of peaks 
CH4

Sum of peaks CH4 
5s

Sum of max 
peaks AUC CH4

Mean CH4 0.08 0.99 0.99 0.82 (0.74;0.90) 0.82 (0.75;0.90) 0.77 (0.67;0.85)
0.83 

(0.74;0.89)

Mean CH4 5 s 0.08 - 0.82 (0.73;0.89) 0.84 (0.76;0.92) 0.72 (0.57;0.85)
0.84 

(0.76;0.90)

MeP (g/d)* 0.10 0.52 - 0.63 0.52

Sum of peaks CH4 0.09 0.99 0.99 0.99

Sum of peaks CH4 5 s 0.10 0.99 0.99

Sum of max peaks 0.08 0.99

AUC CH4 0.10

1

0

High correlations between phenotypes
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Genetic correlations
Genetic trendsx

Feed Efficiency

CO2 (ppm) 0.16 0.17 0.47
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Genetic correlations
Genetic trends

Birth year

EB
Vs

Methane traits

CO2 (ppm) 0.16 0.17 0.47
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Genetic correlations

• Bigger cows tend to be 
less efficient and produce 
more methane
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• Large scale phenotyping – sniffers, which can only be installed in AMS (yet)
• Rely on a reference population and genomic selection

• Other options to increase large scale phenotyping?

Challenges at methane phenotyping

“If you cannot measure it, you cannot improve it”
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ROLE OF MICROBIOME IN
• Feed digestion
• Feed efficiency (DMI)
• Production traits

ROLE OF MICROBIOME IN
• Methane emissions

ROLE OF HOST
• Symbiosis
• Microbiome composition
• Heritability, and genetic correlation

ROLE OF MICROBIOME IN
• Overall health
• Dysbiosis
• Pathogenes



Título de la diapositivaTítulo de la diapositiva

Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria 

• Rumen eukaryotes are the main phenotypic risk factors 
for larger methane emissions in dairy cattle (Saborío-
Montero et al., 2022).

• Certain microbial groups are likely causal effects of 
larger/lower methane production in the rumen (Saborío-
Montero et al. 2019; López-Garcia et al. 2022).

• The cow genome partially controls the rumen 
microbiome composition (Saborío-Montero et al., 2019; 
González-Recio et al. 2023)

Previous findings (summary)

Causal effect
Archaea Dialister

Eucharyote Lentisphaera

Neocallimastix Prevotella Stentor

Entodinium

Methanobrevibacter
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• Large dimensionality, redundancy and interplay 
• Should focus on one or few microbial taxa/genes as 

there will be changes in other groups
• Develop strategies to modulate the whole 

microbiome towards low emitting, efficient and 
healthy microbiomes.

Rumen microbiome community

Bacteria

Eukaryote

Virus
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• Aggregated variables capture a relevant portion of microbial variability

HOW TO ACCOUNT FOR MICROBIOME COMPLEXITY

Spain 33% total 
microbiome 
variability

Similar microbiome composition and relationship with methane under 2 
different production systems (Australia and Spain)

Paves the way to 
international collaborations 

to create multi country 
reference population for 

metagenome composition



• Aggregated microbial variables have heritabilites 0.20-0.30.
• Aggregated microbial variables are favorably genetically correlated with milk, protein, methane 

emissions and feed efficiency (unfavorable with fat)
• Breeding for lower methane or feed efficiency may impact microbiota composition (dysbiosis)
• What are the expected consequences?

Genetic correlations: Rumen microbiome community

Genetic correlation between PC and other traits



Methane emissions in breeding goals and selection indices
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Methane intensity (g/kg milk) & methane emissions (g/d)

• Current trend
• Combined selection for CH4 and other traits
• Theoretical maximum (exclusively focusing on methane)

https://doi.org/10.1016/j.animal.2021.100294
(de Haas et al. 2021)

Animal breeding as a mitigation strategy

https://doi.org/10.1016/j.animal.2021.100294
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Genetic evaluations
Published as an individual trait in the catalog.



Economic Selection indices proposed in Spain (IM€T)

Breeding goals

Production

Mastitis & Lameness

Feed Efficiency

Fertility

Longevity

Live Weight

Calving Ease

Methane production (g/d)

Selection index
Traditional, cheese focused, 

pasture, organic
kg milk
kg fat

kg prot
RCS

Feet & Legs
Days Open
Longevity

Milking speed
Maternal calving ease

Capacity
Residual Feed Intake

Methane (ppm)

Economic value methane:

• Carbon price voluntary 
market for traditional 
systems à-0.14 € (g/d/cow)

• Carbon price for organic 
systems à-0.72 € (g/d/cow)

Economic value Feed 
intake:

• Cost of MFU per kg DM 
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• Efficiency and sustainability index in Spanish Dairy cattle

Example of implementation

Traditional

MILK
20

FAT
5

PROT
21

FEET&LEGS
4

UDDER
7

LONGEVITY
14

DAYS
OPE
N(-)

1

MILKING 
SPEED

2SCS
4 FEET

_HEA
LTH

1
CAPACITY

4
CALVING_EASE(-)

7
METHANE

1

RFI
8

Organic

MILK
8

FAT
1

PROT
7

FEET&LEGS
5

UDDER
9

LONGEVITY
17

DAYSOPEN
5

MILKING SPEED
6

SCS
7

FEET_HE
ALTH

3

CAPACITY
6

CALVING_EASE(-)
7

METHANE
7

RFI
12

Reduce Milk and Fat yield 
(negative genetic progress), 
reduce methane emissions, 

improve feed efficiency

Positive gains for 
production & methane 
emissions, keep current 
feed efficiency, improve 

longevity
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• Efficiency and sustainability index in Spanish Dairy cattle
• Subindex (will be integrated in the total merit index)

Example of implementation

-1 -0,5 0 0,5 1 1,5

Milk Yield
Protein Yield

Fat Yield

Fertility
Live Weight

Longevity
MeP

RFI
PC1
PC2

Expected genetic gain (additive standard deviation units)

Traditional
index

Efficiency
and methane
Index

Current economic 
index

Economic index 
with feed 
efficiency and 
methane emissions
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TAKE HOME MESSAGE

Reducing methane emission 
via selective breeding can 

have a great impact if, and 
only if, farmers are 

encouraged to breed for 
lower emissions

Measure, measure, measure

Also in beef and small ruminants

01 02 03

Rumen microbiome information 
is a suitable complementary 

phenotype for reducing methane 
emissions 

Selecting for lower emissions and 
better feed efficiency may impact 
rumen microbiome health, and it 

should be controlled
.
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