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Requirements for a ‘sustainable’ cow

@
Efficient and healthy, economical, low ecological footprint

Breeding goals:

* high milk yield

» high feed efficiency

« good fertility

* long productive life

« good milk quality - healthy udders
* no or few claw problems

* no or few problems with metabolism
 resilient (heat stress,...)

* low emissions

e good carcass and meat quality

Further requirements:
« animal welfare

* low ecological footprint / fewer emissions - climate

targets 2030/2040
* low use of antimicrobials

ENSURE
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— many challenges

ENSURE BETTER
BREEDING TO
ENHANCE RESILIENCE
AND SUSTAINABILITY

Environment Economy

More and more traits / balanced breeding goal / different dimensions! Phenotyping key!




Phenotyping schemes in Austria — from the past to the future

7

PLF Data,

Somatic cell Direct health
count, traits/

Milk recording /

MIR (EMR)- Data

Other

central data

processing insemination, diagnoses, based traits integration, resilience, ..
calving data observations \ \ Al )
1960 1990 2006 2008/2010 2016 2017 2019

(New) Data / Auxiliary Traits for Breeding and Management

 Mid-infrared (MIR) spectroscopy estimators from milk samples are
available at each milk recording.

* New data/traits are derived using algorithms from automatic
milking systems, sensor systemes, ... The use of such technologies is
increasing rapidly.




Phenotyping — general considerations @
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 Traits (heritability/repeatability)

» Direct/target traits of interest to improve, e.g.
health disorders
 Indirect traits with genetic correlation to the target
trait
« Combination of phenotype and genotype —
recording only in 'test' herds?

 Number of phenotypes and reliability of
breeding values . . [ . . .
[ Ease Of recording/availability/cost Of Number of females in the reference population (1000s)

Figure 1. Expected reliability for reference populations of 0 to 100.000 (from (Gonzalez-Recio.
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What is the optimal combination of direct and indirect traits considering reliability of

breeding values, genetic gain and costs?



Recording of , direct” traits @
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@ Advantages:
- Detailed information, targeted genetic improvement possible

e.g. reduce dermatitis digitalis (DD) incidence by breeding

Veterinary diagnoses ‘ _ _
- ‘Gold standard' for developing new features/algorithms

\ i 9} - Validation/check of development with auxiliary features

- do we move into the right direction?

Claw trimming data  Disadvantages:
- Standardisation needed

;ﬁ - Cooperation of veterinarians, claw trimmers - all on board?
S - Cost of phenotyping

Lab data

Direct traits are always needed — but to which extent?



New data / traits for breeding (@ @ 03
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High potential for auxiliary traits related to fertility and health

. Fertility
« Traditional: based on insemination, calving, and diagnoses (h? 0.01-0.02)
« Qestrus intensity and duration
 Interval to first high activity New traits:
« Progesterone, luteal activity Heritabilities 0.05 - 0.18

- Metabolic stability
« Direct: diagnoses (h?: 0.01-0.05/0.10), ketosis tests (h? 0.05-0.22)
« Fat-to-protein ratio, observations, culling
: . . T R bl e O
¢ MIR-based predICtors (hlgh pOtentlaI) Léa\,‘-.g‘,:{x‘; ©2(?25.‘ The.‘;\uthgrs. P.ub\ishefi by.EIsewerInc.on behalf of the American Dairy Science Association®.
« Sensor measurements (e.g. rumination

“
Lo This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/).

Invited review: Using data from sensors and other precision farming

e Deviations from the lactation curve technologies to enhance the sustainability of dairy cattle breeding programs
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MIR derived traits for BHB
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Heritability of MIR-BHB ranged from 0.13 to 0.18, varying only

marginally across lactation periods

Negative genetic correlation with protein%;
Positive with milk yield, fat:protein ratio, and fat%

Genetic correlations showed stronger shifts across days in milk

Strong genetic correlation with blood BHB (0.65 + 0.16) and

clinical ketosis (0.84 + 0.46)

Supports MIR spectra as a heritable proxy
for ketosis in dairy cattle genetic evaluation

Availability: Available for all cows within
milk recording

Implementation into routine genetic
evaluation in progress.

Other studies support
results:

KetoMIR: h?0.15-0.30
0.60-0.73

Ketosis g

(Farst-Waltl et al. 2022,
Kock et al. 2024)

SCIEN,

g /. \ 7 J. Dairy Sci. 109:1742-1753
fl..,;: https://doi.org/10.3168/jds.2025-27308
1.

Uy "/ o © 2026, The Authors. Published by Elsevier Inc. on behalf of the American Dairy Science Association®.
This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/).

Prediction and genetic analysis of blood B-hydroxybutyrate
based on milk mid-infrared spectra in Fleckvieh dairy cows
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Birgit Fuerst-Waltl,' ©® and Johann Sélkner’
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Genetic parameters sensor data (Schodl et al. 2026)

@@ Activity (30-day mean) 0.23 (0.05) -0.93 (0.19)
smaxtec Activity (30-day mean) 0.18 (0.03) -0.67 (0.30)
smatec  Activity (30-day SD) 0.34 (0.04) -0.67 (0.17)

Source: Schodl et al. - submitted to Journal of Dairy Science

The traits derived from sensor data are heritable and show a high
correlation with ketosis in early lactation. The challenge is using the
data for routine breeding value estimation.




New data / traits for breeding 'ﬁ'
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Dt
Udder health

- Direct traits: diagnoses, bacteriological milk testing (h?: 0.01-0.05)
« Cullings due to udder problems, linear conformation traits,
lactose content
«  MIR-based mastitis predictors (D4Dairy: limited additional benefit) New AMS and
- AMS data: electrical conductivity, deviations lactation curve,... sensor data
- Sensor-derived traits: activity, rumination, alerts,... More research / data

Claw health / lameness

« Direct traits: claw-trimming records (h? 0.01-0.15),
veterinary diagnoses for claw lesion (h% 0.01-0.05)

- Lameness, claw position score: h* = 0.05-0.10;
high genetic correlations with claw disorders — promising indicator traits

« Cullings, linear conformation traits

« Pressure plates, video-based methods

- Sensor data: activity, lying behaviour, feeding, milking visits

Technologies still under
development — so far,

mainly severe cases can
be detected.




> Animals (Basel). 2023 Mar 28;13(7):1180. doi: 10.3390/ani13071180.
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The Combined Use of Automated Milking System and

La m e n e SS a n d be h aVi O U r .Sensc.n Data to Improve Detection of Mild Lameness
(Lemmens et al. 2023) in Datry Cactle

Lena Lemmens 1, Katharina Schodl 2, Birgit Fuerst-Waltl 2 Hermann Schwarzenbacher 3,
Christa Egger-Danner 3, Kristina Linke 3, Marlene Suntinger 3, Mary Phelan 4 Martin Mayerhofer 3 m
Franz Steininger 3, Franz Papst 5 6 Lorenz Maurer 2, Johann Kofler !
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Figure S2: Mean hourly activity values (in minutes) for sensor parameter ‘Eating’ showing a visible
reduction for LCS-G 2 and LCS-G 3 cows.

Figure S1: Mean hourly activity values {in minutes) for sensor parameter ‘Rumination’ showing no visible reduction for LCS-
G 2and LC5-G 3 cows.

More severely lame animals — less activity, no effect on rumination — indirect

information about possible problems




New traits for breeding

Heat stress, resilience

Feed efficiency / efficiency
Measurements at test stations / test herds
Indirect traits for large-scale phenotyping

Methane and other environmental traits
Greenfeed
Sniffer
MIR-Methane

@
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Phenotypes?
Quiality, quantity - cost?

Trade-offs?
Considerations?



Trade-offs and correlations with other traits
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Reducing methane emissions —
are there potential trade-offs?

. SJaB%; ). Dairy Sci. TBC
El < https:/idoi.org/10.3168/jds.2026-28551
o

N s ©TBC, The Authors. Published by Eisevier Inc. on behaif of the American Dairy Science Association®
e AW This is an open access article under the CC BY license (hitps:// 9 yi4.0/).

g Prediction of methane emissions in Austrian dairy cows using milk mid-
infrared spectra and milk fatty acids: a nested cross-validation approach
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Further research on
correlated selection
responses is needed.




ENSURE BETTER BREEDING TO ENHANCE RESILIENCE AND

SUSTAINABILITY @
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Environment /

Emissions STEPS WITHIN BREEDING

Breeding goal (TMI)
Economics @

' : Performance recordin
Performance Ba | ance gg&%ﬁﬁ'ﬁgﬁ 9
Efficiency G4ALS

Genetic evaluation

) Selection and mating
Social

Human and
animal welfare

Genetic gain

Research: Optimisation of phenotyping strategies related to different dimensions of sustainability.



Methods and approaches @
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* Define potential ,,direct” and ,,indirect” traits

« Assess potential of different types of phenotypes
« Different trait definitions
» Genetic background (heritabilities, correlations to target traits)
» Number of potential phenotypes (combination with genotypes)
» Costs of phenotyping

* Develop different phenotyping strategies and evaluate
» Estimate reliabilitities of expected breeding values — stochastic simulations
« Expected monetary genetic gain and costs - ZPLAN deterministic simulation
» Derive estimates for production and functional traits and methane emissions

Derive recommendations for breeding organisations to develop breeding

strategies towards increased sustainability!




Wissenschaftspartner
Y P
AGES|| g:

Raumberg-Gumpenstein

ARES "= HBLFA
; Landwirtschaft

g LG 7@1

VIENNA

nwcrwo

WL - O 33 A
Usser Atirag, Uners Leidenschat, :

LFL

RAUMBERG), GUMPENSTEIN . s g e
RESEARCH & f DEVELOPMENT [ BU Ku . _UanEfSItat Vetmed Unl

UNIVERSITY . In nSerCk Veterinsrmedizinische Universitdt Wien
Wirtschaftspartner

ALPEN %
s en .

Tl YL 4 Delaval i 20 S msp

OSTERREICHISCHE " o
HAGELVERSICHERUNG Tiergesundheit

Pillerseetal I k

~\ Boehringer | .|
*@ @ ||||| Ingelheim (IO

(Heumjich)
% aroeltagemeinachatt find eGen - K&rntner Fleisch caQ_J

mo AN MILK

Nikemis GLiey) mMVO &

mw

dsterreich

Tirol

Ik Ik I k hﬂzg‘;&;gﬂfgﬁammm I k Landwirtschaftskammer Ik Landwirtschaftskammer I k Landwirtschaftskammer

landwirtschaftskammer landwirtschaftskammer Oberasterreich Wien

steiermark kérnten

Tiergesundheitsdienst

goen. @ - H=1GD) 2\
Tourismus it

Tech e 2 ) ZUCHT -|||i " RINDERZUCHT

BﬁﬁlCB» ah Verbdnde| EAA |

Fordergeber

FFG "= Bundesministerium = Bundesministerium wirtschaits [ ICHEECNN Tjr .
Wirtschaft, Energie Innovation, Mobilit&t 2ol e

F hung wirkt.
orschung wir und Infrastruktur

wien

und Tourismus

STANDORTAGENTUR
TIROL

Kitzbuheler Alpen  Jandwirtschaftskammer

Verein \\“U/
VGO - S ZTIERGESUNDHET - OXFORD, MEDISTRESS..
EOIERREICH VSTRESS DIAGNO! i

STICS AT YOUR FINGES

ENSURE

Data driven strategies to enhance
sustainability, resilience, and resource
efficiency of cattle farming
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