







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 16 October 2003



                    Reduction of soil carbon formation by tropospheric ozone under increased carbon dioxide levels

                    	Wendy M. Loya1, 
	Kurt S. Pregitzer1, 
	Noah J. Karberg2, 
	John S. King1 & 
	â€¦
	Christian P. Giardina2Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 425,Â pages 705â€“707 (2003)Cite this article
                    

                    
        
            	
                        912 Accesses

                    
	
                        106 Citations

                    
	
                            8 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
In the Northern Hemisphere, ozone levels in the troposphere have increased by 35 per cent over the past century1, with detrimental impacts on forest2,3 and agricultural4 productivity, even when forest productivity has been stimulated by increased carbon dioxide levels5. In addition to reducing productivity, increased tropospheric ozone levels could alter terrestrial carbon cycling by lowering the quantity and quality of carbon inputs to soils. However, the influence of elevated ozone levels on soil carbon formation and decomposition are unknown. Here we examine the effects of elevated ozone levels on the formation rates of total and decay-resistant acid-insoluble soil carbon under conditions of elevated carbon dioxide levels in experimental aspen (Populus tremuloides) stands and mixed aspenâ€“birch (Betula papyrifera) stands. With ambient concentrations of ozone and carbon dioxide both raised by 50 per cent, we find that the formation rates of total and acid-insoluble soil carbon are reduced by 50 per cent relative to the amounts entering the soil when the forests were exposed to increased carbon dioxide alone. Our results suggest that, in a world with elevated atmospheric carbon dioxide concentrations, global-scale reductions in plant productivity due to elevated ozone levels will also lower soil carbon formation rates significantly.
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                    Figure 1: Total carbon incorporated into soils during 4â€‰yr of exposure to elevated O3 + CO2 and elevated CO2.[image: ]


Figure 2: Carbon incorporated into the stable acid-insoluble fraction of soils during 4â€‰yr of exposure to elevated O3 + CO2 and elevated CO2.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Forest canopy mitigates soil N2O emission during hot moments
                                        
                                    

                                    
                                        Article
                                         Open access
                                         14 July 2021
                                    

                                

                                Ãœlo Mander, Alisa Krasnova, â€¦ Kaido Soosaar

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Soil carbon loss by experimental warming in a tropical forest
                                        
                                    

                                    
                                        Article
                                        
                                         12 August 2020
                                    

                                

                                Andrew T. Nottingham, Patrick Meir, â€¦ Benjamin L. Turner

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The fate of carbon in a mature forest under carbon dioxide enrichment
                                        
                                    

                                    
                                        Article
                                        
                                         08 April 2020
                                    

                                

                                Mingkai Jiang, Belinda E. Medlyn, â€¦ David S. Ellsworth

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	IPCC Climate Change 2001: Technical Summary (Report of the Intergovernmental Panel on Climate Change, IPCC Secretariat, Geneva, 2001).

	Gregg, J. W., Jones, C. G. & Dawson, T. E. Urbanization effects on tree growth in the vicinity of New York City. Nature 424, 183â€“187 (2003)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	McLaughlin, S. B. & Downing, D. J. Interactive effects of ambient ozone and climate measured on growth of mature forest trees. Nature 374, 252â€“254 (1995)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Chameides, W. L., Kasibhatla, P. S., Yienger, J. & Levy, H. I. Growth of continental-scale metro-agro-plexes, regional ozone pollution, and world food production. Science 264, 74â€“77 (1994)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Percy, K. E. et al. Altered performance of forest pests under CO2- and O3-enriched atmospheres. Nature 420, 403â€“407 (2002)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Latest Findings on National Air Quality: 2002 Status and Trends (US Environmental Protection Agency).

	Findlay, S., Carreiro, M., Krischik, V. & Jones, C. G. Effects of damage to living plants on leaf litter quality. Ecol. Appl. 6, 269â€“275 (1996)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Coleman, M. D., Dickson, R. E., Isebrands, J. G. & Karnosky, D. F. Carbon allocation and partitioning in aspen clones varying in sensitivity to tropospheric ozone. Tree Physiol. 15, 593â€“604 (1995)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Andersen, C. P. Source-sink balance and carbon allocation below ground in plants exposed to ozone. New Phytol. 157, 213â€“228 (2003)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	King, J. S. et al. Fine-root biomass and fluxes of soil carbon in young stands of paper birch and trembling aspen as affected by elevated atmospheric CO2 and tropospheric O3 . Oecologia 128, 237â€“250 (2001)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Dickson, R. E. et al. Forest Atmosphere Carbon Transfer and Storage (FACTS-II)â€”The Aspen Free-air CO2 and O3 Enrichment (FACE) Project: An Overview (Technical Report NC-214, USDA, Washington DC, 2000)
BookÂ 
    
                    Google ScholarÂ 
                

	Leavitt, S. W., Follett, R. F. & Paul, E. A. Estimation of slow- and fast-cycling soil organic carbon pools from 6N HCl hydrolysis. Radiocarbon 38, 231â€“239 (1996)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Paul, E. A. et al. Radiocarbon dating for determination of soil organic matter pool sizes and dynamics. Soil Sci. Soc. Am. J. 61, 1058â€“1067 (1997)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Phillips, R., Zak, D. R., Holmes, W. E. & White, D. C. Microbial community composition and function beneath temperate trees exposed to elevated atmospheric carbon dioxide and ozone. Oecologia 131, 236â€“244 (2002)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Larson, J., Zak, D. R. & Sinsabaugh, R. L. Extracellular enzyme activity beneath temperate trees growing under elevated carbon dioxide and ozone. Soil Sci. Soc. Am. J. 66, 1848â€“1856 (2002)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
This research was supported by the US Department of Energy's Office of Science (BER: Program for Ecosystem Research and National Institute for Global Environmental Change), the USDA Forest Service (Northern Global Change and North Central Research Station), the National Science Foundation (DEB, DBI/MRI), and the USDA Natural Research Initiatives Competitive Grants Program. G. Hendry, K. Lewin, J. Nagey, D. Karnosky and J. Sober have been instrumental in the successful implementation of this long-term field experiment.


Author information
Authors and Affiliations
	School of Forest Resources and Environmental Science, Michigan Technological University, Houghton, Michigan, 49931, USA
Wendy M. Loya,Â Kurt S. PregitzerÂ &Â John S. King

	USDA Forest Service, North Central Research Station, Houghton, Michigan, 49931, USA
Noah J. KarbergÂ &Â Christian P. Giardina


Authors	Wendy M. LoyaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Kurt S. PregitzerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Noah J. KarbergView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	John S. KingView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Christian P. GiardinaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Wendy M. Loya.


Ethics declarations

              
                Competing interests

                The authors declare that they have no competing financial interests.

              
            

Rights and permissions
Reprints and permissions


About this article
Cite this article
Loya, W., Pregitzer, K., Karberg, N. et al. Reduction of soil carbon formation by tropospheric ozone under increased carbon dioxide levels.
                    Nature 425, 705â€“707 (2003). https://doi.org/10.1038/nature02047
Download citation
	Received: 25 February 2003

	Accepted: 12 September 2003

	Issue Date: 16 October 2003

	DOI: https://doi.org/10.1038/nature02047


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Urbanâ€“rural gradients in soil nutrients beneath Chinese pine (Pinus tabulaeformis Carr.) are affected by land-use
                                    
                                

                            
                                
                                    	Yuebo Su
	Bowen Cui
	Xiaoke Wang


                                
                                Urban Ecosystems (2022)

                            
	
                            
                                
                                    
                                        Elevated ozone increases nitrifying and denitrifying enzyme activities in the rhizosphere of wheat after 5Â years of fumigation
                                    
                                

                            
                                
                                    	Wei Chen
	LiLi Zhang
	William R. Horwath


                                
                                Plant and Soil (2015)

                            
	
                            
                                
                                    
                                        Threat to future global food security from climate change and ozone air pollution
                                    
                                

                            
                                
                                    	Amos P. K. Tai
	Maria Val Martin
	Colette L. Heald


                                
                                Nature Climate Change (2014)

                            
	
                            
                                
                                    
                                        Soil microbial residue dynamics after 3-year elevated O3 exposure are plant species-specific
                                    
                                

                            
                                
                                    	Wei Zhang
	Hongbo He
	Jianguo Zhu


                                
                                Plant and Soil (2014)

                            
	
                            
                                
                                    
                                        Adapting agriculture to climate change: a review
                                    
                                

                            
                                
                                    	Muhuddin Rajin Anwar
	De Li Liu
	Georgina Kelly


                                
                                Theoretical and Applied Climatology (2013)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
