
L14. Climate change, crops and food security 



280 ppm pre-industrial 

Atmospheric CO2 concentration 1000 ς present  





Å Short for ribulose bisphosphate 
carboxylase/oxygenase 
 

Å Is an enzyme located in the 
stroma; fixes CO2 in Calvin Cycle 
 

Å Comprises up to 30% of the total 
protein in many C3 leaves 
 

Å Increased CO2: 
 
Å Increases CO2 fixation rate 

 
Å Decreases O2 fixation rate 

 
Å Increases energetic efficiency 

 

CO2 fixation is catalyzed by Rubisco 



A rise in CO2 also causes plant stomata to close 
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As stomatal aperture decreases, transpiration rate decreases, leaf temperature rises 



FACE (Free Air CO2 Enrichment) is the only way to study crop responses to 
elevated CO2 under field conditions. Pure CO2 is injected over the top of the 
crop through a ring of horizontal tubes. Wind carries the CO2 across the 
canopy and computer control and feedback creates a target centre 
concentration of 550 ppm, the atmospheric concentration expected in 2050. 
 
 
 

(12 m diameter ring ς AGFACE  Horsham, Victoria)  

Scientists are using FACE to study plant growth under elevated CO2 



Loblolly trees have been growing for more than 12 years under elevated carbon 
dioxide levels emitted from towers at Duke Forest's FACE site 

FACE systems have been designed to study fields and forests 



For a full list of FACE sites visit http://facedata.ornl.gov/global_face.html  

FACE facilities around the world 

http://facedata.ornl.gov/global_face.html


Measured responses: FACE experiments at Maricopa, Arizona 

Å Cotton (C3 species) grown for 4 consecutive years at 370 ppm and 570 
ppm CO2 

 

Å  Cotton yields rose about 40% with no change in water use  
 

Å  Wheat (C3 species) water use decreased (5-8%), and grain yields 
increased by 10% (ww) and 20% (ws) 
 

Å  ww = well watered; ws = water stressed 
 



Measured responses: FACE experiments at Maricopa, Arizona 

Å Sorghum (a C4 species) grown for 2 consecutive years at 370 ppm and 
570 ppm CO. 
 

Å  High CO2 reduced water use by 10% under ww and 4% under ws 
conditions 
 

Å  High CO2 increased grain yield by 4% under ww and 16% under ws 
 

Å  WUE rose by 9% (ww) and 19% (ws)  
 



What these results tell us about impacts of elevated atmospheric 
CO2 on terrestrial biosphere/biogeochemistry 

Loblolly trees produced twice as many seeds under elevated carbon dioxide levels 

Å Plants will have more biomass and be higher yielding under elevated CO2 

 
Å Plant water use will decline under elevated CO2 

 
Å Soil moisture will increase as plants & forests become more water-use 

efficient (water stores in the top 120 cm of a tropical savanna soil 
accumulated at a rate of 3.4 mm yr-1 for a 180 ppm increase in CO2) 
 

 



Measured responses: wheat FACE experiments 



Elevated atmospheric CO2 reduces the nutritional content of crops 



Elevated atmospheric CO2 reduces the nutritional content of crops 

Percent change in nutrients at elevated CO2 relative to ambient CO2. Error bars 
represent 95% confidence intervals of the estimates.  



What these results tell us about impacts of elevated atmospheric 
CO2 on terrestrial biosphere/biogeochemistry 

Å Plants will have more biomass and be higher yielding under elevated CO2 

 
Å Plant water use will decline under elevated CO2 

 
Å Soil moisture will increase as plants & forests become more water-use 

efficient (water stores in the top 120 cm of a tropical savanna soil 
accumulated at a rate of 3.4 mm yr-1 for a 180 ppm increase in CO2) 
 

Å Plant nitrogen content will decline under elevated CO2 

 
Å Plant Fe & Zn contents will decline under elevated CO2 

 
 

 





Development of iron-biofortified rice and wheat 



Å Low amount of Fe in wheat grain, most of it in the bran & germ 
 

Å Fe is strongly co-localized with phytate in the aleurone layer of wheat grain; forms 
insoluble Fe-phytate complexes that are not absorbed by the small intestine 
 

Å Grain milling removes most Fe! 

Cross section view of wheat grain 
SEM image of pericarp (P), 

aleurone (A) and endosperm (E) 

Fe-phytate 

Cereals are a poor source of iron for humans  
(even under ambient CO2) 



More than 2 billion Fe deficient 

2 billion Zn deficient 

150 million Vitamin A deficient 
 

Source: WHO Global Health Observatory Database: http://apps.who.int/ghodata/ 

Billions of cereal consumers in developing countries 
are micronutrient deficient 

http://apps.who.int/ghodata/


From NBC news, 28th May 2013: 

ñHidden hungerò 


