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Big Question

How will we feed 9 billion people...
with growing appetites for meat & energy...
without compromising the environment?




Agriculture Dominates
the Planet Today

~40% of global land area
~70% of global water withdrawls
~30% of greenhouse gas emissions

~2x nitrogen & phosphorus flows
massive driver of biodiversity loss




Meeting Growing Demands!

Expansion or Intensification?




Expansion

Carbon, Climate and Biodiversity
Implications




Intensification

Water and Nutrient Pollution
Implications




New lools and Data

to Examine Tradeoffs
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Key Agricultural Inputs

global nitrogen application

kg N applied per ha of grid cell
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Fertilizer Data from Mueller et al. (in prep), Irrigation Data from Siebert et al. (2008)




Key Agricultural Inputs

global phosphate application

kg P205 applied per ha of grid cell
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Fertilizer Data from Mueller et al. (in prep), Irrigation Data from Siebert et al. (2008)




Key Agricultural Inputs

global potash application

kg K20 applied per ha of grid cell
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Fertilizer Data from Mueller et al. (in prep), Irrigation Data from Siebert et al. (2008)




Key Agricultural Inputs

percent of grid cell equipped for irrigation
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Fertilizer Data from Mueller et al. (in prep), Irrigation Data from Siebert et al. (2008)




Cropland Expansion




Yield : Carbon Tradeoffs

West et al., Proceedings of the Natl. Academy Sciences (PNAS), 2010




Yield : Carbon Tradeoffs
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West et al., Proceedings of the Natl. Academy Sciences (PNAS), 2010
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Yield : Carbon Tradeoffs
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Further Expansion is Possible

Ramankutty et al., 2002
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Cropland Intensification




Boosting Yields? Closing Yield Gaps!?

maize: actual yields

Data from Licker et al,, 2010
- (metric tonnes/hectare)
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Boosting Yields? Closing Yield Gaps!?

A

estimated potential yield
(e.g., 90%-tile PDF in climate space)

Data from Licker et al,, 2010
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Boosting Yields? Closing Yield Gaps!?

yield gap
actual : potential yields

Data from Licker et al,, 2010
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Boosting Yields? Closing Yield Gaps!?

yield gap
actual : potential yields

Data from Licker et al,, 2010
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Boosting Yields? Closing Yield Gaps!?

yield gap
actual : potential yields

Data from Licker et al,, 2010
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Improving Yields

maize yield attainment

data from Mueller et al. (in prep.)




What'’s Limiting?

maize: factors limiting yield increase of 20%

B nutrient limited
[ nutrient + water limited
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What'’s Limiting?

maize: factors limiting yield increase of 50%

I nutrient limited
[ nutrient + water limited [
B v ater limited

I yield ceiling limited




What'’s Limiting?

maize: factors limiting yield increase of 100%

I nutrient limited
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What Would it Take?

nitrogen required to close yield gap: maize
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What Would it Take?

maize response to a 20:10:10 kg/ha increase in NPK fertilizer

percent yield change
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What Would it Take?

wheat response to a 20:10:10 kg/ha increase in NPK fertilizer

percent yield change
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Important Opportunity

Increase Efficiency of Croplands
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Rainfed Maize: Water Use Efficiency
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Areas of Irrigated Maize Production
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Irrigated Maize: Irrigation Water Use Efficiency
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Maize calories produced




Maize calories produced per Nitrogen applied

kcal produced per kg N applied
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Another Possibility

Change Allocation of Crops




Food (Direct) from Crops




Major crops, calories produced




Major crops, calories delivered to humans




Moving Forward
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Freezing Agricultural Footprint

Sustainable Intensification

Optimize Yield : Water : Nutrients

More Efficiency in Food System




Thank You

environment.umn.edu
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GLIYield Model
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GLIYield Model
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GLIYield Model
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Possible “Solution Wedges™!




Possible “Solution Wedges™!

brecision agriculture...
better tillage practices...
cover cropping & buffer strips...
drip irrigation & rain harvesting...

new genetics & new crop varieties...
shifting dietary preferences...
reducing waste in food system...
changing economic incentives to farmers...
reforming foreign aid programs...




