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Hunger: 
• 821 million people are food insecure

Mineral Undernutrition:
• 1.1 billion people at risk of dietary zinc (Zn) deficiency
• 1.2 billion people at risk of dietary iron (Fe) deficiency
• 3.5 billion people at risk of dietary calcium (Ca) deficiency

Caloric Overnutrition:
• Over 2 billion people are overweight
• Over 600 million people are obese
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MALNUTRITION IN ASIA AND THE PACIFIC
• The fastest rise in overweight rates is found in South East Asia and 

the Pacific.

• Nearly half of the world’s population experiencing a double 
burden of stunting among children under 5 & overweight adult 
females lives in SE Asia and the Pacific.

• The prevalence of double burden (% stunting, % overweight):  
Philippines (32, 29), Indonesia (36, 26) , Papua New Guinea (43, 50)  

“high  availability  and  promotion  of  processed, 
low-cost,  energy-dense  foodstuffs  (e.g.  via  fast-
food  outlets, supermarket   chains)   can   result   in   
overconsumption.”
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THE QUALITY OF STAPLE CROPS, VEGETABLES, FRUITS?



ELEMENTAL (STOICHIOMETRIC) TAKE ON PHOTOSYNTHESIS 
AND RISING ATMOSPHERIC CO2 LEVELS
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Year CO2 (ppm)
1900 296
1950 311
2000 370
2019 411
2100 420-960
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“high [CO2] could 
intensify the 
already acute 
problem of 
micronutrient 
malnutrition.”

“high [CO2], as a 
rule, should alter 
the elemental
composition of 
plants, thus 
affecting the quality 
of human nutrition.” 



ELEVATED CO2
EXPERIMENTS 

AROUND THE WORLD

Greenhouses

Mini-FACE (Free-Air CO2 Enrichment)
University of Hohenheim, Germany

FACE rice experiment in Tsukuba, Japan

Open-Top Chamber
Photo credit: R. Gottsberger



THE EFFECT OF ELEVATED CO2 ON
PROTEIN IN STAPLE CROPS
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• 7,761 pairs of 
observations from 
elevated CO2 
experiments from Asia, 
Australia, Europe and 
North America

• Observations cover 25 
minerals and 130 plant 
varieties of crops and 
wild plants
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The effect of elevated CO2 on minerals in plants

Loladze, I. (2014). Hidden shift of the ionome of plants exposed to elevated CO2 depletes minerals at the base of human nutrition. 
eLife, 1–30. doi:10.7554/eLife.02245

The ionome is 
the mineral and 
trace element 
composition of 
an organism
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THE EFFECT OF ELEVATED CO2 ON B VITAMINS IN RICE
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THE EFFECT OF ELEVATED CO2 ON PLANT CAROTENOIDS 



FINAL THOUGHTS
• Biofortification and soil enrichment improve crop quality. 

However:

• Incentives in the Agriculture are based on YIELD. 
• Farmers are paid for Food Quantity but NOT Food Quality
• As atmospheric CO2 levels keep rising, the nutrient density 

of most crops and wild plants will keep declining

• If we can change incentives to pay farmers for improved 
crop quality, we can start mitigating the negative effect of 
rising CO2 on plant quality and human nutrition


