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Carbon dioxide (CO2) – the largest contributor to climate change
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IPCC 2021



Climate change – a global crisis

“Climate Change and loss of biodiversity is seen as the most 
pressing challenge over the next decade” (UNESCO 2021)
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Wildfires Drought and Heat Heat stress



Importance of plant carbon metabolism to the 
global carbon cycle

4

Photosynthesis – Net 
CO2 uptake by plants

Respiration – CO2 
loss by plants & soils

Human CO2 
emissions

Dusenge, Duarte & Way 2019. New Phytologist Tansley Review 221: 32 – 49
Friedlingstein et al. 2020. Earth Syst Sci Data 12: 3269 - 3340

~ 12 times bigger
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Responses of photosynthesis to temperature

Yamori, Hikosaka, & Way 2014 Photosynthesis Research 119: 101 – 117
Kumarathunge et al. 2019. New Phytologist 222: 768 - 784

ToptA
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ToptA globally varies 
between 20 – 30 ℃
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Boreal biome

Boreal forest productivity is often assumed to be temperature-limited, 
and moderate warming is predicted to stimulate boreal productivity



Spruce and Peatland Responses Under Changing Environments
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ToptA positively shifted with warming in both species, and was higher in eCO2 – 
grown tamarack likely as a response of suppression of photorespiration

0.26 °C per 1 °C 0.35 °C per 1 °C 
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Dusenge et al. 2023. Nature Communications 14: 4667



Increases in ToptA did not keep pace with warming

∆ Mean = Daytime Temperature - ToptA
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Dusenge et al. 2023. Nature Communications 14: 4667

0.26 – 0.35 °C per 1 °C 
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Tropical biome
• It has been hypothesized that tropical tree species will respond negatively to 

warming

Africa - Rwanda



Sigira/Nyamagabe
S 2° 30’ 54”; E 29° 23’ 44”
Montane rain forest
2400 m. a. s. l.
14.6 °C, 1750 mm

Rubona/Huye
S 2° 28’ 30”; E 29° 46’ 49” 
Transitional rain forest
1600 m. a. s. l.
19.1 °C, 1230 mm

Ibanda Makera/Kirehe
S 2° 6‘ 31“; E 30°51'16"E
Evergreen and semi-evergreen 
bushland and thicket 
1300 m. a. s. l.
21.0 °C, 850 mm
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Dusenge et al. 2021. Global Change Biology 27: 4860 - 4878
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No significant shift in ToptA observed in both species

Dusenge et al. 2021. Global Change Biology 27: 4860 - 4878
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Growth was not negatively affected despite 
decreases in net CO2 assimilation with warming
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HE ME LE HE ME LE HE ME LE HE ME LE

Dusenge et al. 2021. Global Change Biology 27: 4860 - 4878
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