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Historic CO2



Historic CO2



Modeled vs. Measured

Main periods of use: SA90 (1990–1992, not shown), IS92 (1992–2000), SRES (2000–2012), RCPs (2012+)
Source: Peters et al. 2012a; CDIAC Data; Global Carbon Project 2013

Peters et al. 2012
http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.globalcarbonproject.org


Elevated CO2:

Primary effect on C3 plants
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Elevated CO2:
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C3 vs. C4 crops and elevated CO2

Leakey et al., 2009



Meta-analysis results

Long et al., 2004, Annu Rev Plant Biol 55: 591-628



SoyFACE Global Change Research Facility

Investigating crop responses to elevated CO2



Maize: Photosynthesis

Leakey et al., 2006



Maize yields

Leakey et al., 2006



Sorghum FACE Experiment

Ottman et al., 1999



Drought increased yield in elevated CO2



Maize Photosynthetic Responses to 

elevated CO2

Leakey et al., 2004



Integrated daily carbon uptake

Leakey et al., 2004



Maize Photosynthesis

Markelz et al., (2011) J Exp Bot 62: 3235–3246



Stomatal conductance and elevated CO2

• Universally, stomatal conductance is lower in 
elevated CO2

• Do these decreases in leaf stomatal conductance 
translate to decreases in canopy water use?



Evapotranspiration
Water moves from the soil into the roots, 
through the plant, is transpired from the 
leaves, and enters the atmosphere 
(Transpiration), or it evaporates from 
surfaces (Evaporation)

In intercontinental regions, a majority of 
atmospheric humidity can come directly from the 
evopotranspired water, which can falls as 
precipitation

http://www.pbase.com/andesheng/special_interest_top_20_03000
http://www.pbase.com/andesheng/special_interest_top_20_03000


Canopy Temperatures: Maize



Elevated CO2 and water use

Soybean Maize

Bernacchi et al., 2007 Hussein et al., 2013



Linkages between gs and ET

Leakey et al., 2009 Shimono et al., (2013) GCB 19, 2444-2453



Global Temperatures are linked to CO2



T-FACE: Understanding crop responses 

to temperature





Maize Photosynthesis



Photosynthetic

Acclimation



Maize: Biomass and Yield



Adapting Crops to Atmospheric Change



Summary: CO2 and temperature
• Elevated CO2

▫ No impact on maize yield
▫ Decreases water use of major crops

• Higher Temperatures
▫ Reduce maize yields
▫ CO2 does not “protect” against yield losses from 

temperature

• Improvements to Photosynthesis
▫ Yields decline with temperature and do not increase as 

much as theoretically possible with rising CO2

 We are beginning to understand the physiology behind 
the responses and identify the opportunities to maximize 
yields


