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World Grain Yield

Sustainable agriculture?

World Commission on Environment and Development
“Brundtland Commission”

Our Common Future (1988)

"Sustainable development is development that 
meets the needs of the present without 
compromising the ability of future generations 
to meet their own needs." 

Is there an ecological definition of 
sustainability?

Non-renewable resources Many biological resources are 
renewable
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Thomas Huxley 
1825-1895

"…that the cod fishery, the herring fishery, the pilchard 
fishery, the mackerel fishery, and probably all the great 
sea-fisheries, are inexhaustible; that is to say that nothing 
we do seriously affects the number of fish.  And any 
attempt to regulate these fisheries seems consequently …
to be useless."

Atlantic cod fishery

Serengeti Wildebeest
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Maximum sustainable yield: 
about ½ carrying capacity

Ecosystem sustainability?

Heat Heat

Heat
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Inorgan. 
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pool

Human 
Inputs

Human exports How much NPP do humans use?
(Vitousek et al. 1986, Rostaczer et al. 2001)

Low (direct consumption): 
3.2%

Intermediate (productivity of managed land)
31%

High (productivity lost due to degradation)
39%

Humans = 0.5% of all consumer biomass
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Montgomery_2007 PNAS

T values = soil 
loss tolerance 
level (USDA)

erosion rates from 
conventionally plowed 
agricultural fields 
average 1–2 orders of 
magnitude greater than 
rates of soil production.

Hypoxia in the Gulf of Mexico

http://serc.carleton.edu/images/microbelife/topics/General_Collection_deadzone.jpg
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Scanlon_etal_2007 Water Resources Research

Irrigated agriculture accounts 
for ~90% of global freshwater 
consumption

“Life Cycle” Analysis

Collateral Damage… Biodiversity loss

87 of 115 leading global fruit crops rely 
on animal pollination (35% of global food 
production)

Klein et al. 2007 Proc R Soc

Amount

Variance

% of natural habitat
Kremen&Ostfeld 2005 Front Ecol Env
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Thies & Tscharnke 1999?

A game of roulette?

• Maize, rice, wheat 
make up more than 
50% of calories 
consumed by 
humans.

• 80% of insect crop 
pollination is 
performed by one 
species.Response to drought (in 1988)

Tilman et al.

Some past strategies…
Photos: UNEP, 2005

Santa Cruz, Bolivia

Move

Mechanization, automation, 
improved efficiency

Fertilization, pest control, improved 
varieties

Norman Borlaug
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Tilman et al. 2002

Some new strategies?

Reduce tillage Maintain biodiversity and 
associated ecosystem services

beetle bank

insectary planting

cover crop

Crop diversification

The “three sisters”

Costs, yields, equitable, 
sustainable?
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Sustainable agriculture?
• Are you optimistic or 

pessimistic?
• What is the most 

promising 
technology?

• Is it more a social 
problem than a 
technical one?

• Should agriculture be 
non-profit?


