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Methane yield

CH4 emission per unit of feed intake:

= CH4 energy as % GEI
or

= g CH4/kg DMI
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Grazing trials, large herds
(Taranaki, Friesian´ Jersey in mid-lactation)
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2004
300 cows divided into 4 groups.

Groups separately measured over 1-Wk.
Tracer CH 4 over 4 days

2005
400 cows divided into 5 groups.

Groups separately measured over 1-Wk.
Tracer CH 4 over 3 days
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If animal variation in CH 4 emission is 
controlled by a heritable 
characteristic, breeding animals for 
low CH 4 emission might be viable.

Provided that there are no 
undesirable effects on production 
and functional traits. 

Hypothesis
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Objectives of research
(Obj. 4 PGGRC)

1. To assess the persistence of individual 
animals in their CH 4 emission rankings.

2. To determine animal-related (or other 
source) characteristics influencing 
differences in CH 4 emission rankings (per 
unit of feed intake). 

3. To find a simple index for identifying 
animals with contrasting CH 4 yields.
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Persistence assessment:
SHEEP

(use of SF 6 tracer)
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SHEEP GROUP 1 (March '96-Feb '97)
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SHEEP GROUP 2 (June'97-June'98)
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Tracer, Dairy cows
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b) Tracer, grazing only
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Tracer: indoors, single diet
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Hypotheses
(from SF 6- based studies)

1. Large animal-to-animal variation likely more  
apparent at high DMI and grazing.

2. Changes in  feeding and  animal physiological 
state may be responsible for lack of persistence.

3. Inability to measure accurately DMI at grazing.

But technique issues
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Tracer technique issues
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Commissioning of 
calorimeters
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Techniques comparison
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Estimates of Variance Components for CH4 yield:
Tracer Chamber

Between-sheep 5.46 0.17
Within-sheep 22.25 0.38



Research carried out by
Logo

Persistence assessment 
using chambers

(a) Wethers of unknown background
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Fig 3. High CH 4 emission ranking sheep
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Fig. 4 Low CH 4 emission ranking sheep
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Emission profiles in chambers
(Sep–Dec on lucerne silage
Jan–March on cut pasture)
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Fig. 2 Mean CH 4 emissions from sheep ranked Low and High CH 4 

emission (all measured in chambers) 
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Mean emissions of 3 lowest 
and 3 highest emitters

(5 measurements, using calorimeters)

But unknown background and infertile !!



Research carried out by
Logo

(b) Chambers only: Ewe lambs CPT (M&W NZ)

(fixed level of feeding)

Procedure

� 105 ewe lambs sourced from 3 locations
� Progeny of 16 rams, 8 genotypes
� Commercial grass silage, 1.2 times M
� Long acclimatisation
� 1-day chamber measurements over 4 

occasions (M-1, M-2, M-3, M-4)
� M-1 was deemed of acclimatisation
� Methane emission: g/kg DMI
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CPT sheep: CH4 emissions
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Average = 18.4±2.0 g/kg DMI
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CPT sheep: selection groups
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CH4, g/kg DMI:
Low = 17.7  vs. High = 19.2
Difference  = 8.4%
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Factors involved on animal-to-
animal variation

� Sheep study (n=8): rumen-fistulated, lucerne 
chaff restricted.

� Cow Study (n=8): rumen-fistulated, cut pasture 
at lib.

� Measurements included feed intake, feeding 
behaviour, saliva production, digestibility, 
digestion kinetics, etc.

� Both studies using the tracer technique !!!
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Sheep study
(Pinares-Patiño et al. 2003)

CH4 yield vs Dig. Cellulose  r=0.66

But the cattle study did not confirm it !!
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Conclusions

� Tracer technique exacerbates animal-to-animal variation in CH4

yield.

� Studies using calorimetry chambers indicate that there are 
individuals with consistent low or CH4 yields.

� Mechanisms for emission differences still unknown but 
preliminary indication that rumen FOR is a major factor. 
Overseas studies (Orskov et al. 1988; Smuts et al 1995) indicate
that FOR is repeatable.

� CPT study showed for first time that CH4 yield is heritable.
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1. Persistence studies
(tracer  only)

CH4 measured in a large grazing flock or herd, DMI 
estimated 

Animals ranked on CH4 yield (g/kg DMI) basis

Few animals with contrasting emission rankings (3–6 Low 
and 3–6 High emitters) are selected

Subsequent CH4 emission measurements (P1, P2, P3, P4 ) 
conducted under more controlled conditions
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CH4 (g/kg DMI) = –58 + 0.46 [ACE] before PM feeding  + 0 .79 NDFD       
R2=0.88

PREVIOUS SHEEP STUDY:
CH4 (% GEI) = 4.21 –0.36 Particulate FOR (%/h) R 2=0.57
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CH4 emission (g/d) and 
feed intake 

(based on calorimeters)

Relationship between CH 4 emission and DMI

yLow = 21.223x - 1.966

R2 = 0.939

yHigh = 21.88x - 1.6966

R2 = 0.9269
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� CH4 emission expressed as g/kg DMI
� Data analysed as ‘repeated measures’
� Fixed effects in model: 

origin, 
measurement group,
measurement time, 
birth/rearing rank
sire

� Estimates: heretability = 0.29, repeatability = 0.16
(milk yield: h2=0.25, r=0.40)

Heretabilityof a trait is the proportion of the variance of animals’
phenotypes which is genetic in origin

Repeatabilityof a trait is a measure of how much more alike are
successive records (measurements) of the same animal than are 
the records by different animals. ‘Upper limit’ for h2
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Sheep (Lassey et al 1997)
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CH4 emission (g/d) and 
feed intake 

(based on calorimeters)

Relationship between CH 4 emission and DMI

yLow = 21.223x - 1.966

R2 = 0.939

yHigh = 21.88x - 1.6966

R2 = 0.9269
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(Pinares-Patiño et al. 2003)

But recent study with cattle did not confirm it !!

CH4 yield vs Dig. Cellulose  r=0.66
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Sheep study
(Pinares-Patiño et al. 2003)
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Outline

� Background
� Objectives
� Persistency of CH4 yield rankings (SF6 technique)

� Changing diets
� Single diet (grazing or indoors)

� Is the SF6 technique good for this? 
� Persistency of CH4 yield rankings (Calorimetry)

� Sheep unknown background
� Sheep of CPT

� Factors influencing variation in CH4 yield
� Sheep & dairy cows
� General conclusions
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Background

� Large animal-to-animal variation in methane (CH4) 
emission is commonly observed.

� Variation seems larger under grazing conditions (SF6

technique) than indoors (calorimetry). 

� CH4 is produced by microbes, but mechanisms 
responsible for the between-animal variation are 
unknown.

� This is Objective 4 of PGGRC


