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Summary

The objective of this study was to estimate repeatability of methane emission measurements for
Jersey cattle in a commercial organic dairy herd in Denmark. The secondary aim was to evaluate
the effects of gradual transitioning from indoor winter feeding to outdoor spring grazing. We
hypothesize that the grazing period can create GxE situations, which can affect the repeatability,
especially when measurements are taken during a short period of time. Assessing repeatability is
an important first step to estimate usefulness of grazing data for genetic prediction for methane
emission. This trait was proven to be heritable by several studies. A total of 151 mixed parity
lactating Jersey cows with free access to automated milking stations (AMS) were monitored
from 30 d prior to barn release until 23 d post release. Grazing period lasted for 8 to 11 hours
daily. During each visit to the AMS, milk yield was measured and logged together with date and
time. Methane (CH4) and carbon dioxide (CO2) monitoring equipment was installed in the feed
troughs of AMS. Methane and carbon dioxide were measured continuously in ppm using a non-
invasive “sniffer” method, and the ratio of which was used as emission trait. This trait was
averaged over milking and further over day for each cow. Mixed Models Equations (MME) were
used to estimate variance components together with fixed and random effects influencing the
trait of interest. Grazing was found to potentially create GxE effect. Repeatability was
moderately low (0.30), however still indicating suitability for genetic components estimation.
Further analysis will assess genetic parameters and accuracy of prediction for this and other
GHG emission traits with data collected from a number of commercial herds, over various
seasons and years.
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Introduction & Aim of Study

Methane is considered as one of the powerful GHGs. Among the agricultural methane emissions
sources, the most important one (40%) is enteric fermentation from ruminants (FAO, 2016).
Therefore, the mitigation of methane emission is the far end subject of this study. Another far
end aim is the use of methane emission as indicator trait of feed efficiency. Recent studies found
individual and genetic variation in methane emission traits measured using non-invasive methods
in automatically milked Holstein cows (e.g. Lassen et al., 2012 ; Lassen & Løvendahl, 2016).
The use of methane as indicator trait for feed efficiency is especially relevant because direct



recording of feed efficiency is laborious and expensive, and therefore not a standard farm
routine. To investigate the feasibility of recording methane emission a number of technical
parameters need to be assessed in relevant conditions with sufficiently large cohorts of cows
measured. Also, the impacts and interactions with environments need to be assessed, including
possible GxE effects and breed effects. Here we address grazing Jersey cows as an extension to
published evidence based on housed Holstein cows. Assessing repeatability of such data in a
short period of time containing both environments (in-barn vs grazing) is an important first step
before estimating genetic parameters for a data collected through the whole year and from
multiple herds, therefore it is main goal of this study. Secondary aim is to investigate grazing
effect on emission itself, and a third aim is to assess the correlations between measurements in-
barn and during grazing.

Materials and Methods

Methane and carbon dioxide were measured on a total number of 151 cows in a Danish
commercial organic Jersey dairy cattle herd. Cows represented different parities, ranging from 1.
to 8. Gas ppm concentration was logged continuously each second with NDIR (Non Dispersive
Infra Red) devices installed in feed troughs of AMS. Data from 2 out of 3 AMS installed was
used in the study. The experiment lasted for 53 days, from 07. April 2016 till 30. May 2016.
Cows were let out into the pasture for the first time on 07. May 2016. In total, non-grazing
period contained 30 days while grazing time lasted for 24 d.

Ratio of CH4 to CO2 was calculated from average gas concentrations during each
milking. An univariate mixed model was employed to correct phenotypes for within day
variation and fixed effects before averaging them over a day for each cow:

(1)

The model parametrization was chosen so that β0 is the intercept. Terms f1m and f2m are
fixed regression coefficients of 5th harmonics of Fourier series approach (similar to the one used
by Løvendahl & Bjerring, 2006) where Ө denotes for fraction of a day expressed in radians.
Animal is a random effect of i-th animal. The fixed effects of Week, Calibration and RobotID
are effects of j-th week, Calibration day (1 for the first day when the calibration took place and 0
for the rest) and l-th AMS, respectively. Random error term is denoted by e.

The pre-corrected daily values from model 1 were then submitted to further analysis. The
experiment was divided into two periods (in-barn and grazing) to check the animal rank
correlation between them and differences in repeatability estimates. Modelling was done in
DMU (Jensen & Madsen, 1992) software. A bivariate mixed model approach was used in the
analysis.

(2)

where β1, β2 and β3 are the regression coefficients of days in milk, milk yield and dry
matter intake from the pasture, respectively. Parity is the effect of k-th parity. Rest of effects and
covariates is similar to the pre-correction model above. The primary trait was split into two:
mean daily gas ratio during non-grazing and grazing period, respectively. Trait number is
indicated by t letter.



Results & Discussion

The change in CH4 to CO2 ratio under grazing influence was observed. All covariates and effects
specified within univariate model turned out to be significant (P < 0.05). Average amount of
emitted methane in comparison to carbon dioxide increased significantly during the grazing
period compared to indoor period and with an increased daily variation during grazing compared
to indoor (figure 1). The gas ratio started to stabilize in 2-3 weeks after first grazing.

The repeatability of mean daily ratio (approx. t ~ 0.30) dropped slightly, which was
expected considering the sudden change of diet and daily routine for cows. The rank correlation
between two periods was estimated at 0.85, similar to findings of Bell et al. (2014). This
indicates that both periods agree well, however slight re-ranking of animals takes place.

The rank correlation between two periods is high, however the fact that some re-ranking
is possible indicates that grazing creates GxE situation. This can be the reason for semi-low
repeatability. In other analysis (Lassen & Løvendahl, 2016) considering methane to carbon
dioxide ratio, repeatability was somewhat higher (0.35), even despite that trait from this study
was counted per milking, not a day. The study by Lassen & Løvendahl (2016) covered whole
year period, which could have overshadowed variation coming from grazing. Here, grazing was
one of the decisive factors influencing between animal variation due to GxE effect.

Conclusion

The correlation between in-barn and grazing periods is very high. Repeatability estimate from
this study, together with repeatability and heritability from other research (Lassen & Løvendahl,
2016) indicate that this trait is heritable. Therefore grazing should be considered as a significant
factor during methane emission analysis and further research is needed to investigate this effect
and its persistence. Further research will include grazing as one of the factors influencing
methane emission from dairy cows collected through several years in many herds with additive
and genomic relationships included.
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Figure 1. Predicted values of daily average CH4/CO2 ratio from Jersey dairy cattle herd. Black
arrow indicates date when grazing period begun.


