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Methane emissions in red clover and grass silage

• Three main approaches to reduce CH4 emissions:

1. to change the diet composition which will alter VFA production, 
reducing the available H2 produced during enteric fermentation

2. to increase the feed passage rate through the rumen, altering the 
extent of rumen fermentation and VFA production patterns 

3. feeding high quality diets, thus decreasing CH4 emissions in 
relation to productivity



Grass silage (GS)

• CH4 yield = 21.2 ± 4.61 g/kg 
DMI 

Red-clover (RC)

• CH4 yield = 17.8 ± 3.17 g/kg 
DMI

Methane emissions in red clover and grass silage



Grass silage (GS)

• CH4 yield = 21.2 ± 4.61 g/kg 
DMI 
• Richer in fibre and sugars

Red-clover (RC)

• CH4 yield = 17.8 ± 3.17 g/kg 
DMI
• Richer in pectin, proteins

Methylotrophic 
methanogenesis

Methane emissions in red clover and grass silage



Grass silage (GS)

• CH4 yield = 21.2 ± 4.61 g/kg 
DMI 
• Richer in fibre and sugars
• Decreased passage rate

Red-clover (RC)

• CH4 yield = 17.8 ± 3.17 g/kg 
DMI
• Richer in pectin, proteins
• Increased passage rate

Methane emissions in red clover and grass silage



The rumen microbiome in methane emissions
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The methanogenesis cluster 
57% methane yield variation

Nitrogen fixation
Lignin degradation

Amino acid metabolism 
Sugar metabolism

Butyrivibrio
Pseudobutyrivibrio

Prevotella
Nitrogen metabolism

The rumen microbiome in methane emissions



High methane emitters (HME)
• Fewer hydrogenotrophic methanogenic 

Archaea (lower diversity) with lower 
number of interactions between 
variables

Low methane emitters (LME)
• More diverse methanogenic Archaea 

(hydrogenotrophic, methylotrophic and 
acetoclastic methanogenesis) 

• Higher number of interactions between 
variables

• Candidatus Methanomethylophilus
(methylotroph) was favoured in LME, 
and in the same cluster as acetogens 
Eubacterium, Blautia and 
Acetitomaculum, H2 sinkers

The rumen microbiome in methane emissions



The rumen microbiome in performance traits

Feed conversion ratio
20 genes

Average daily gain
14 genes

Residual feed intake
17 genes

Daily feed intake
18 genes

• cell wall biosynthesis
• hemicellulose and cellulose degradation
• host–microbiome crosstalk

• vitamin B12 biosynthesis
• environmental information processing
• bacterial mobility

14 14

158

6 3

FCR RFI

ADG DFI

R = -0
.80 R = 0.77



The rumen microbiome is heritable

20 microbial genes: 81% CH4 g/kg DMI
49 microbial genes: 86% FCR

Ranking of sire progeny groups was consistent with ranking based on abundance of archaea.

R = 0.8 daily methane emissions
R = 0.65 methane yield

The general consistency in ranking of sire progeny groups based on microbial and methane 
emissions levels provides evidence that there is an additive genetic influence of the host on 
the rumen microbial community and their metabolic activity to produce methane.



The rumen microbiome is heritable

Genetic heritability of methane yield = 33%
Many microbial genera and genes were significantly heritable.
RCH4>0.4

Amino acid transport and 
metabolism

Sugar fermentation Acetogenesis

Could be a common host effect – maybe 
on rumen passage rates?

Fast sugars fermentation can lead to drop 
in pH, affecting fibrolytic or maybe 

methanogenic organisms

Microbial interactions and host 
genomically influence rumen 

environmental conditions may affect the 
thermodynamics between 

methanogenesis and acetogenesis



The rumen microbiome is temporally stable

T1
T2
T3
T4
T5
T6



Data Timepoint FCR ADG DFI RFI CH4 yield Daily CH4

Microbial genera

Number of explanatory variables 224 264 270 252 162 288

T1 57.2 54.1 73.2 57.8 60.9 72.7
T2 74.1 65.2 86.1 68.1 60.4 74.3
T3 54.5 67.6 66.5 53.2 70.6 64.1
T4 63.5 39.8 53.4 50.6 56.6 59.0
T5 70.9 63.4 81.8 70.3 52.4 71.6
T6 53.0 53.7 71.7 64.5 49.3 52.0
Average 62.2 57.3 72.1 60.7 58.4 65.6
SD 8.8 10.3 11.6 8.1 7.5 8.9

The rumen microbiome is temporally stable

Data Timepoint FCR ADG DFI RFI CH4 yield Daily CH4

Microbial genes

Number of explanatory variables 144 133 194 214 223 204

T1 66.8 60.7 71.5 73.8 73.4 82.1
T2 53.0 55.5 74.7 61.9 86.8 54.1
T3 68.4 62.9 63.6 62.8 82.0 77.6
T4 82.0 70.4 67.6 56.5 61.9 75.2
T5 87.4 72.1 63.3 69.9 65.1 70.4
T6 56.7 71.6 55.9 58.3 70.3 71.5
Average 69.0 65.5 66.1 63.9 73.3 71.8
SD 13.6 6.9 6.7 6.7 9.6 9.7



• Characterize ruminant-associated microbiomes

• Influence of microbiomes on host animal in 
early life – establishment and maintenance

• Influence of microbiomes throughout 
fundamental life events with impact on animal 
production, health, and welfare:
• Weaning
• Feed transitions
• Lactation

• Facilitate adoption of novel practices and 
innovations

The HoloRuminant concept 

Main aims

HoloRuminant

www.holoruminant.eu
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HoloRuminant @ SRUC

Work Package 2

Work Package 3

Colonisation, persistence and consequences of ruminant microbiomes

Ruminant microbiomes and sustainable production

HoloRuminant
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