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|l_-_ A++COW - Breeding Dairy Cattle for
| Resource Efficiency and
O Environmental Sustainability

Project ongoing during 2019 - 2023
Overall aim of the project was in genetic improvement of Finnish dairy c

» Develop tools to improve feed efficiency of dairy cows through bree
increase knowledge of the traits and improve sustainability

* Objectives were to model feed efficiency traits for maintenance cost,
efficiency and metabolic resilience and develop single-step genomic
models for Nordic dairy cattle, but also assess environmental benefit
with breeding

* Life Cycle Assessment approach — climate change impact of raw milk
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Environmental life cycle assessment in
A+ + cow -project

. . . ) ) ) Dairy breed beef
» Life cycle assessment was used for quantification of the impact achieved with GWP
H H 1ccl 1 1 Specified methods NIR and IDF methods
breeding on dairy cow emissions, at product level, i.e., raw milk N e T

« Within system boundary from cradle to farm gate, all life cycle stages
associated to production of a product were accounted, and including:

* Greenhouse gas missions from input production and use (CO2, N20O, CH4)

17% Silage cultivation

* GHG emissions from unit processes

15%  Grain cultivation

* Outputs from the life cycle stage and from system boundary

* Included life cycle stages: L A
1 1 1 M v P : 18% Enteric fe 5 0,
* Feed crop production (including farms own feed crop production and {(:'-‘,.*. @ ”"”"f&';f"“”“"
purchased feeds), B §
» Dairy production (including emissions from animals and manure, i.e., rumination ’ @ . 139 Manure management

and manure management) and

* Related input use, such as electricity use on animal housing, energy used in
cereal drying and diesel fuels used in field work and transportation. N

Hietala et al. (2021). Environmental life cycle assessment of
Finnish beef—cradle-to-farm gate analysis of dairy and beef
‘ @ breed beef production. Agricultural Systems, 194, 103250.

6% Housing




Life Cycle Assessment methods

Climate change impact assessment

* PEFCR and IPCC methods were mainly used, together with specific methods develope
Finnish environment:

* Ramin & Huhtanen (2013) method for prediction of methane from enteric ferm

* Manure management emissions were assessed using daily storage volume and
temperature, instead of annual average

* IPCC 2013 characterization factors CO,=1, CH,=34, N,O0=298

The functional unit was set as 1 kg Fat and Protein Corrected Milk (FPCM) as ac
to FAO (2010) and recommended by IDF (2015) and European Commissions PEFC

Environmental impacts were assessed for
* Current typical dairy production (BAU)
* Production integrated with projects findings

Biophysical allocation method was used for milk and sold animals according to |




Characteristics of dairy production — Business-as-usual -
modelling

* Business-as-usual (BAU) dairy production, based on Finnish farm data (n=700)
* The collected data included
* Herd composition,
* Diet composition and origin,
« Own feed crop production (crops, yields, fertilizer inputs, crop protection),
« Manure management system and interval for emptying manure storage,
* The yields of raw milk and meat from cull cows.

Average dairy cow, diet composition

Dairy cows, n 65
Age at first calving, m 25 Forage, in tot 57 %
Dairy cow, live weight, kg 647 Grass silage 48 %
Dairy cows, pasture period 74 Whole crop silage 9%
Feed use, kg dry matter/day/cow 22 Concentrates, in tot 43 %
Milk production, kg/year/cow 10139 Barley 19 %
Manure system slurry, tight cover Oat 11%
Feed forage, % 57 %
Rapeseed meal 13 %

Feed concentrate, % 43 %



Impact of breeding towards feed
efficiency

* Breeding towards lower RFI, response could be simultaneously seen in
lowered methane generation, higher milk yield, higher body weight and
slightly lower fat and protein content in milk

* Results in one round of selection (Enyew Negussie et al.)

_ =

nformation on b1l b2 b3 b4 b5 B6 CH4 RFI Milk  Fat Prot mBW(kg)

(9/d)  (kg)  (ka) (kg)
(kg)

o 1 0 0 O 0 -189 -239 033 -002 -001 140
Adjusted for 10% response, -0.92 -1.74 -22 030 -0.02 -0.01 1.29
H4+RFI+MY+FY+PY+mBW

For the LCA, these findings were adjusted to yield a 10% improvement
in feed efficiency of cows (-10% from typical DMI 22 kg/d, -2.2kg/d), and
the other parameters (methane, milk yield and quality, body weight) were
adjusted accordingly




LCA results for the BAU - carbon footprint (CF) of 1 kg FPCM

Carbon footprint of FPCM
0.977

1.000

0.900

0.800

0.700

kg CO2eq per kg FPCM
(=] = (=]
P L on
o o o
(=] o (=]

0.200

0.100

0.000

baseline

B Purchased feeds 8.79 %

B Input production 8.4 8 %

Manure management (CH4) 0.8 1%

B Manure management (N20) 43 4%

® Methane from rumination (CH4) 56.4 56 %

B Feed crop production and pasture (N20)
21.421%

The BAU resulted climate change
impact for FPCM of 0.977 kg CO,eq
kgFPCML,

Largest contribution to CF was
methane from enteric fermentation

Comparison of the global warming
potential of raw milk according to
the baseline and with findings was
conducted per life cycle stage.



Effect of selection towards feed efficiency
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Effect of selection towards feed efficiency
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Effect of selection towards feed efficiency
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Effect of selection towards feed efficiency
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Impact of findings regarding breeding towards feed use
efficiency on carbon footprint of raw milk
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BAU A++ Abs change in CF
Feed crop production and pasture (N20) 0.209 0.194 -0.015
Methane from rumination (CH4) 0.551 0.509_
Manure management (N20) 0.042 0.037 -0.005
Manure management (CH4) 0.008 0.007_
Input production 0.082 0.076 -0.006
Purchased feeds 0.085 0.075 -0.009
Total 0.977 0.899 -0.079



Conclusions

* The 10% genetic response in feed efficiency was found
to cause a 8% reduction in carbon footprint of FPCM.

» Effect was especially seen in reduction of emissions
from enteric fermentation

* Both lower DM intake and genetic response had "
an impact

* Breeding for improved feed efficiency can be seen as
powerful tool in mitigating environmental impacts of
dairy production

* The 10% genetic response in feed efficiency was only
studied and integrated for adult dairy cows impact
assessment.

* breeding potentially affects also the feed
utilization of young stock and replacement
heifers, and thus should be investigated further
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