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SUSTAINABILITY OF LIVESTOCK SYSTEMS

Demand  = land use 

Currently: ~ 30% total land surface
~ 70% agricultural land (+ feed crops)

Clearing land = release of carbon held in trees

 (Brazil, India, Indonesia)
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Demand  = water use 



SUSTAINABILITY OF LIVESTOCK SYSTEMS

Demand  = energy use 

Pimentel et al. (2004): kcal fossil energy/kcal animal protein



SUSTAINABILITY OF LIVESTOCK SYSTEMS

Demand  = emissions and waste 

Gerber et al. (2013): 

44% methane (ruminants)
53% nitrous oxide (manure)
5% carbon dioxide

 Global warming, acidification and eutrophication of 
ecosystems



SUSTAINABILITY OF LIVESTOCK SYSTEMS

WorldWatch Institute (2004): “The human appetite for 
animal flesh is a driving force behind virtually every major 
category of environmental damage now threatening the 
human future: deforestation, erosion, fresh water scarcity, 
air and water pollution, climate change, biodiversity loss, 
social injustice, the destabilization of communities and the 
spread of disease”



SUSTAINABILITY OF LIVESTOCK SYSTEMS

Solutions:

1. More plant-based, less meat-based diets

2. Livestock intensification (optimal farming)

3. Improved animal robustness (suboptimal farming)
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LIVESTOCK INTENSIFICATION

Closing the “yield gap” = realized – attainable production

Attainable = technology, water, nutrients, land, biodiversity, 
labor

Not realized = accessibility, market influence, knowledge

Livestock intensification 
(“Animal Machines” 1964)
Large production units + best genetics





LIVESTOCK INTENSIFICATION

Resource allocation: output  inputs

Resources (R) allocated to processes add to give the total 
amount of resources consumed 

R (Total) = R (Maintenance) + R (Production) + 
R (Reproduction) + R (Rest)

Rest = Activity + Other + ‘Buffer’ (reacting to stress & 
pathogens)

Closing the yield gap  Increased quantity/-lity inputs? 



LIVESTOCK INTENSIFICATION

Precision livestock farming (2004) 

Real-time monitoring and control systems 
- Production, reproduction, health
- Blood parameters, sweat, saliva, body T, behavior, stress, 
sound, analytes, viruses + pathogens

 Individualistic approach
 Sustainable intensification ↑



LIVESTOCK INTENSIFICATION

Increased quality:

Highly productive crops = potential human-edible food

Worldwide: 33% cereal, 74% maize, 83% soybean 

 Sourcing from international markets

Soybean: EU mayor importer (>95%) 
Market share: 31% USA, 31% Brazil, 
19% Argentina

 Sustainability ↓
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IMPROVED ROBUSTNESS

Reaction Norm (Woltereck, 1909)



IMPROVED ROBUSTNESS

Reaction norms (progeny tested across a wide environmental 
range)



IMPROVED ROBUSTNESS

Knap (2005): “the ability to combine a high production 
potential with resilience to stressors, allowing for 
unproblematic expression of a high production potential 
in a wide variety of environmental conditions”

“Sustainable breeding goals combine robustness traits with 
production traits, balancing production potential with 
environmental sensitivity”

 Animals are required to produce in wide variety of 
environmental conditions  temperature, nutrients



IMPROVED ROBUSTNESS: HEAT STRESS

Periods: TN1, HS1, TN2, HS2, TN3, HS3, TN4



IMPROVED ROBUSTNESS: HEAT STRESS

Periods: TN1, HS1, TN2, HS2, TN3, HS3, TN4



IMPROVED ROBUSTNESS: HEAT STRESS



IMPROVED ROBUSTNESS: HEAT STRESS



Higher BWG in period n = larger loss in n + 1

r = -0.65 (P < 0.0001)

IMPROVED ROBUSTNESS: HEAT STRESS



 Higher production = lower robustness to HS

IMPROVED ROBUSTNESS: HEAT STRESS



IMPROVED ROBUSTNESS: LOCAL FEEDS

Heavy dependency of soybean imports
 Motion for a European parliament resolution (2011)

Focus Group on Protein Crops (2013): 
“Have a long way to go before being competitive” 
 innovation agronomy and breeding



IMPROVED ROBUSTNESS: LOCAL FEEDS

Resource allocation: output  inputs

R (Total) = R (Maintenance) + R (Production) + 
R (Reproduction) + R (Rest)

Local feeds & feedstuff co-products = suboptimal quality

 Feed efficiency cannot be sustained on high fiber
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IMPROVED ROBUSTNESS: LOCAL FEEDS

Literature: production = environmental sensitivity 

 May require a different type of animal than in high-input 
high-output production systems



1. Sustainability of livestock systems

2. Livestock intensification (optimal farming)

3. Improved animal robustness (suboptimal farming)

4. Prospects for sustainable livestock production



PROSPECTS FOR SUSTAINABLE LIVESTOCK PRODUCTION

Two scenarios:

1. Livestock intensification (optimal farming)

2. Improved animal robustness (suboptimal farming)



PROSPECTS FOR SUSTAINABLE LIVESTOCK PRODUCTION

Optimal farming  efficiency , production , costs 

Suboptimal farming  efficiency , production , costs 

 Can suboptimal farming be viable?



PROSPECTS FOR SUSTAINABLE LIVESTOCK PRODUCTION

Optimal farming  efficiency , production , costs 

Suboptimal farming  efficiency , production , costs 

“Hunger is caused by poverty and inequality, not scarcity”



PROSPECTS FOR SUSTAINABLE LIVESTOCK PRODUCTION

Suboptimal farming  efficiency , production , costs 

~ 50% of current supply, all vegetarian
 Reduction in nitrogen emissions, greenhouse gas 
emissions, use of cropland for food production, reduction in 
the use of soymeal



PROSPECTS FOR SUSTAINABLE LIVESTOCK PRODUCTION

Suboptimal farming  efficiency , production , costs 

Food waste!

1/3 lost or wasted
- shape, color, size 
- best before date
- Restaurants 



PROSPECTS FOR SUSTAINABLE LIVESTOCK PRODUCTION

Optimal farming  efficiency , production , costs 

Suboptimal farming  efficiency , production , costs 

Willingness to pay: 
Welfare
Locally produced 



PROSPECTS FOR SUSTAINABLE LIVESTOCK PRODUCTION

Niche market? 

spruce trees
algae (yeast, 50-60% P)
rapeseed





PROSPECTS FOR SUSTAINABLE LIVESTOCK PRODUCTION

Meat alternatives: lower requirements for land & water,
lower greenhouse gas emissions (plant-based, lab-grown, 
insects) 



PROSPECTS FOR SUSTAINABLE LIVESTOCK PRODUCTION

Fast food industry = major catalyst for cheap meat products



Alternatives



PROSPECTS FOR SUSTAINABLE LIVESTOCK PRODUCTION

 Added premium price for livestock animal proteins

= cover cost for welfare and suboptimal production systems

≠
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