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Breeding livestock for sustainable systems



People – Planet – Profit

Livestock production: Quadruple Bottom Line:

People – Planet – Profit – PigsPoultryPuminantsPhish

Breeding livestock for sustainable systems 

Sustainability: classically, the Triple Bottom Line:



Profit:
selection index: Hazel (1943)
food security
"feed the globe"     "nourish the world"

People – Planet – Profit – PigsPoultryPuminantsPhish

PigsPoultryPuminantsPhish:
animal welfare



People – Planet – Profit – PigsPoultryPuminantsPhish

People:
social justice (e.g. biopiracy: Access & Benefit Sharing)

food safety (e.g. cholesterol, PUFA; Salmonella, Listeria etc)

Planet:
resource efficiency
environmental efficiency
biodiversity (e.g. AnGR management)



People – Planet – Profit – PigsPoultryPuminantsPhish

Planet:
resource efficiency
environmental efficiency

PigsPoultryPuminantsPhish:
animal welfare

Lotta Rydhmer (16:30 today)

session 28 (Tuesday afternoon)

session 77 (Thursday morning)



Environmental efficiency: 
Greenhouse gas emission

www.recpnet.org/wp-content/themes/recpnet/images/recp/list2.jpg



livestock production CO2eq, worldwide:
15 % of human-made
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every livestock sector shows a huge variation in 
emission intensity (= kg CO2eq per kg protein), 
more so at the higher levels

beef

lamb

shrimp

dairy

pork

chicken

eggs

fish
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...analysis of production technologies when one or more outputs are economically and/or socially undesirable, or so-to-say “bad.”

The by-production of bad outputs is an inherent attribute of many production processes. In agriculture, some examples of such processes 
include [...] dairy farming where the production of desirable dairy products like milk is accompanied by the natural but undesirable generation 
of nitrogen surpluses.



How to deal with bad outputs
1. Reduce the number of bad-output-generating units

• Our output-generating 
units are the animals

• Overhead cost

• Improved productivity →
fewer animals → less bad 
output

• Improved productivity →
more good output

• Milk production, growth 
rate, leanness, fertility, 
litter size
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Africa

Asia

LAM

NAM

Oceania

Europe

4 %

10 %
57 %
19 %
9 %

Number of pigs (standing population) 
per 1000 kg pork protein

Africa

Asia

LAM

NAM Oceania

Europe

22 %

25 %

39 %
2 %
6 %
7 %

Number of cattle (standing population) 
per 1000 kg beef & milk protein



How to deal with bad outputs
1. Reduce the number of bad-output-generating units

2. Many non-genetic approaches

3. Make those units more efficient









For example, by improving 
productivity by animal breeding

For example, by improving 
efficiency by animal breeding



enteric CH4

enteric 
CH4

ManMan
CH4

ManMan
N2O

Livestock breeding can influence direct emissions:
• Enteric CH4

• Manure Management CH4

• Manure Management N2O



ManMan
N2O

Pig breeding can influence direct emissions:
• Enteric CH4

• Manure Management CH4

• Manure Management N2O



Pomar et al (2009) Rev Bras Zootec 38 suppl

Animals vary in terms of their 
amino acid requirements, due to 
variation in

• gross body protein deposition
(~ lean tissue growth rate)

• body protein composition

• muscle

• connective tissue

• gastro-intestinal

• other tissues

• net efficiency of nitrogen 
metabolism



D
o

u
rm

ad
JY, Jo

n
d

reville
C

 (2
0

0
6

) N
u

tritio
n

al ap
p

ro
ach

es to
 red

u
ce n

itro
gen

, p
h

o
sp

h
o

ru
s an

d
 trace elem

en
ts in

 p
ig m

an
u

re. In
 G

eers
R

, 
M

ad
ec

F (ed
s) Livesto

ck p
ro

d
u

ctio
n

 an
d

 so
ciety, p

p
. 1

3
5

-1
5

0
. W

agen
in

gen
 A

cad
em

ic P
u

b
lish

ers, N
eth

erlan
d

s.
K

im
 JC

, P
lu

ske
JR

 (2
0

1
6

) Im
p

ro
vin

g p
ro

tein
 u

tilizatio
n

 efficien
cy th

ro
u

gh
 b

etter u
n

d
erstan

d
in

g o
f im

m
u

n
e an

d
 stress resp

o
n

ses in
 p

igs. 
W

o
rld

 N
u

tritio
n

 Fo
ru

m
 2

0
1

6
, V

an
co

u
ver, C

an
ad

a. h
ttp

s://w
w

w
.research

gate.n
et/p

u
b

licatio
n

/3
0

9
2

8
7

6
2

7

Nitrogen Utilization Efficiency (NUE)

NUE: a Hard-To-Measure trait.
Requires measurement of 

Nitrogen excretion.

Lohmann et al. (2019)
Tauson (2018)



Shirali et al (2012)

Feed Conversion Ratio (kg feed / kg growth)
to

ta
l N

 e
xc

re
ti

o
n

 (
kg

)

3                                4                                5

8

7

6

5

4

0.173 kg N excretion per 0.1 kg/kg FCR
(R2 = 0.80)

FCR is a regular selection trait in pig 
breeding

Proxy !

Nitrogen Utilization Efficiency 
• heritability: 0.31 to 0.41
• rG with FCR: around –0.95
Van der Peet (1999); Shirali (2012); Saintilan (2013); Ali (2019); 
Soleimani (2020); Kasper (2021).



Nitrogen Utilization Efficiency is heritable and strongly correlated to FCR

On the farm level, whole-enterprise FCR (FCRwe) is determined by 

• growth rate, feed intake & pig mortality of the market pigs

• feed intake, litter size & piglet mortality of their mothers

Regular selection traits in pig breeding

... included in the routine selection index based on their Marginal Economic Values

... MEVs, based on maximization of farmer profitability

... not on minimization of the footprint

...but that could be changed: footprint index



dam lines sire lines

Contribution of traits to the variation in routine and footprint indexes

routine

footprint
feed intake

growth rate

litter 
size

litter size

piglet survival

growth 
rate

feed 
intake

stillbirth

feed intake

growth rate

mortality

growth rate

mortality

feed 
intake

Correlations?



routine index
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routine index
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Selection on the routine index reduced the lifetime 

footprint of the slaughter pig by 32.2 kg CO2eq in 11 

years: 2.93 kg / year.

Total lifetime footprint: ~ 300 kg CO2eq.

We reduce the footprint by about 1 % per year, by 

selecting on index scenarios that were never designed

to tackle the footprint.

D1: –1.25

S2: –4.28

D2: –3.20

S1

S3: –2.97

routine index

kg CO2eq
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Capper et al (2009, 2019)

bovidiva.com



Greenhouse gas emissions (CO2eq)
• Scope 1 & 2: internal
• Scope 3: external, upstream supply chain



Greenhouse gas emissions (CO2eq)
• Scope 1 & 2: internal
• Scope 3: external, upstream supply chain
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Greenhouse gas emissions (CO2eq)
• Scope 1 & 2: internal
• Scope 3: external, upstream supply chain

scope 1,2,3: 
absolute
emissions, 
internal & 
upstream

Genus 2022: CO2Mton
CO2eq
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17 % (Genus 2022)
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www.genusplc.com/media/2037/genus-annual-report-2022.pdf



scope 3: reduction of 
global downstream 
emissions due to routine 
genetic improvement

and CO2Genus 2022: CO2

scope 1,2

Greenhouse gas emissions (CO2eq)
• Scope 1 & 2: internal
• Scope 3: external, upstream supply chain

• Scope 3: external, downstream  

Livestock breeding (e.g. Genus 2022) :

• reduction of scope 3 downstream CO2eq
= 12 (16 ?) × absolute internal & upstream CO2eq

• disregarding the emission by multiplier farms

• downstream is about G, not about physical animals

scope 3

scope 1,2,3: 
absolute
emissions, 
internal & 
upstream
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CH4 CH4 CH4
N2O N2O N2O N2ON2O

Mitigation potential: if all producers would apply 
the practices of the 10 % producers with the 
lowest emission intensity (no output reduction)

• 37 % mitigation for cattle, 24 % for pigs

• Question: how long will it take to shift 
all pig producers to the top-10 % level, 
for any non-genetic criterion? 

• Exactly...

• Conclusion: genetic improvement has 
an important role to play

• FAO always ignores genetic improvement

• so those practices are non-genetic

Farm-level footprint, based on FCRwe

• Reduction of the footprint through 
regular selection: 1 % per year

• 24 years to achieve 24 % mitigation
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We reduce the footprint by 1 % per year, by selecting on routine 
indexes that were never designed to tackle the footprint.

Question 1: is that enough? Answer: depends who you ask.

Sooner or later, someone will argue that it is not enough.

How do we deal with that?

Options:

1. Arbitrarily increase focus on growth rate and feed intake in the 
routine index scenarios

dam lines

routine

footprint

2. Include the farmer's cost of GHG emission into the trait MEVs

Shadow price of carbon

• The price of a license to emit a ton of CO2 into the atmosphere

• The tax levied on the emission of a ton of CO2 into the atmosphere

If the farmer has a financial incentive for reducing his footprint, then we 
can work that into his profit equation → into the trait MEVs



€ / tCO2
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67 schemes:
Emissions Trading Systems 

or carbon tax
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carbonpricingdashboard.worldbank.org/map_data
en.wikipedia.org/wiki/Carbon_emission_trading



shadow price of 
carbon (€ / tCO2eq)

reduction : 1.131 / 221 = 0.51 % / year
24 % in 47 years

A simulated breeding program with 1 round of selection

→ only 0.8 % 
more response

24 % in 24 years

a shadow price of
€ 38 is not effective



Macro-economic approach, 119 countries:
 regress each country's annual GDP ($) on its annual CO2 emission volume 
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Boussemart et al. (2017)
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• include the cost of CO2 mitigation into the profit equation to calculate the trait MEVs

• shadow price of carbon

• current shadow prices are defined politically

0 10 20 30 40 50 60 70 80 90 100 140

$ / tCO2

U
ru

gu
ayEU

, F
in

la
n

d
, N

o
rw

ay

U
KSw

it
ze

rl
an

d

• current levels are far too low to create a 
realistic incentive for animal breeding

• seriously lower than the true macro-
economic values – understandably
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