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Experimental setup: In high-tech plant chambers, Aleppo pines were exposed to in-

creasing temperatures. (Photo: Plant Ecophysiology Lab, KIT)  

The increase in the CO2 concentration of the atmosphere does 

not compensate the negative effect of greenhouse gas-induced 

climate change on trees: The more extreme drought and heat be-

come, the less do trees profit from the increased supply with car-

bon dioxide in terms of carbon metabolism and water use effi-

ciency. This finding was obtained by researchers of Karlsruhe 

Institute of Technology (KIT) when studying Aleppo pines. Their 

study is reported in New Phytologist (DOI: 10.1111/nph.16471). 

Due to greenhouse gas-induced climate change, trees are increas-

ingly exposed to extreme drought and heat. The question of how the 

increased CO2 concentration in the atmosphere influences physiolog-

ical reaction of the trees under climate stress, however, is highly con-

troversial. Carbon dioxide is known to be the main nutrient of plants. 

By photosynthesis, plants use sunlight to convert CO2 and water into 

carbohydrates and biomass. Periods of drought and heat, however, 

increase the stress level of the trees. Their roots have difficulties 
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reaching the water. To reduce evaporation losses, trees close the sto-

mata of their leaves, as a result of which they take up less CO2 from 

the air.  

These relationships have now been studied in more detail by the Plant 

Ecophysiology Lab of the Atmospheric Environmental Research Divi-

sion of KIT’s Institute of Meteorology and Climate Research (IMK-

IFU), KIT’s Campus Alpine in Garmisch-Partenkirchen. Together with 

scientists of Ludwig-Maximilians-Universität München, the University 

of Vienna, and Weizmann Institute of Science in Rechovot/Israel, KIT 

researchers studied the impact of an increased CO2 concentration on 

carbon metabolism and water use efficiency of Aleppo pines (pinus 

halepensis) under drought and heat. 

As reported by the researchers in New Phytologist, they cultivated 

Aleppo pines from seeds under atmospheric as well as under a sig-

nificantly increased CO2 concentration (421 ppm and 867 ppm). The 

one-and-a-half year old trees were then either watered well or left dry 

for a month. Then, they were planted into high-tech plant chambers 

and exposed to temperatures gradually increasing from 25°C to 40°C 

over a period of ten days. During this period, the scientists continu-

ously measured gas and water exchange of the trees and analyzed 

vital metabolic products. 

The findings of the study: An increased CO2 concentration reduced 

water loss of the trees and increased their water use efficiency under 

increasing heat load. Net carbon uptake, however, decreased consid-

erably. In addition, heat adversely affected metabolic properties of the 

trees, while metabolism hardly profited from the increased CO2 sup-

ply. The main positive effect observed was an increased stability of 

root proteins. “Overall, the impact of the increased CO2 concentration 

on stress reactions of the trees was rather moderate. With increasing 

heat and drought, it decreased considerably,” summarizes Dr. Nadine 

Rühr, Head of the Plant Ecophysiology Lab of IMK-IFU. “From this, 

we conclude that the increasing CO2 concentration of the atmosphere 

cannot compensate the stress of the trees resulting from extreme cli-

mate conditions.”  

Original publication (Open Access): 

Benjamin Birami, Thomas Nägele, Marielle Gattmann, Yakir Preisler, 

Andreas Gast, Almut Arneth, Nadine K Ruehr: Hot drought reduces 

the effects of elevated CO2 on tree water use efficiency and carbon 

metabolism. New Phytologist, 2019. (DOI: 10.1111/nph.16471) 

  

https://nph.onlinelibrary.wiley.com/doi/abs/10.1111/nph.16471 

 

 

Total carbon uptake by Aleppo pines at 
increasing temperature. The plot shows 
the reaction of trees at atmospheric (a) 
versus elevated (e) CO2 level under 
conditions of good watering (W, blue) 
and drought stress (D, orange). 
(Graphics: Plant Ecophysiology Lab, 
KIT) 
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More about the KIT Climate and Environment Center: 

http://www.klima-umwelt.kit.edu/english  

Being “The Research University in the Helmholtz-Association,“ 

KIT creates and imparts knowledge for the society and the envi-

ronment. It is the objective to make significant contributions to 

the global challenges in the fields of energy, mobility and infor-

mation. For this, about 9,300 employees cooperate in a broad 

range of disciplines in natural sciences, engineering sciences, 

economics, and the humanities and social sciences. KIT            

prepares its 24,400 students for responsible tasks in society,      

industry, and science by offering research-based study             

programs. Innovation efforts at KIT build a bridge between        

important scientific findings and their application for the benefit 

of society, economic prosperity, and the preservation of our           

natural basis of life. KIT is one of the German universities of ex-

cellence. 

This press release is available on the internet at 

www.sek.kit.edu/presse.php .  

The photo in the best quality available to us may be downloaded un-

der www.kit.edu or requested by mail to presse@kit.edu or phone +49 

721 608-21105. The photo may be used in the context given above 

exclusively. 
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