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            Abstract
Soils contain the largest near-surface reservoir of terrestrial carbon1 and so knowledge of the factors controlling soil carbon storage and turnover is essential for understanding the changing global carbon cycle. The influence of climate on decomposition of soil carbon has been well documented2,3, but there remains considerable uncertainty in the potential response of soil carbon dynamics to the rapid global increase in reactive nitrogen (coming largely from agricultural fertilizers and fossil fuel combustion). Here, using 14C, 13C and compound-specific analyses of soil carbon from long-term nitrogen fertilization plots, we show that nitrogen additions significantly accelerate decomposition of light soil carbon fractions (with decadal turnover times) while further stabilizing soil carbon compounds in heavier, mineral-associated fractions (with multidecadal to century lifetimes). Despite these changes in the dynamics of different soil pools, we observed no significant changes in bulk soil carbon, highlighting a limitation inherent to the still widely used single-pool approach to investigating soil carbon responses to changing environmental conditions. It remains to be seen if the effects observed hereâ€”caused by relatively high, short-term fertilizer additionsâ€”are similar to those arising from lower, long-term additions of nitrogen to natural ecosystems from atmospheric deposition, but our results suggest nonetheless that current models of terrestrial carbon cycling do not contain the mechanisms needed to capture the complex relationship between nitrogen availability and soil carbon storage.
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                    Figure 1: 14C activity of Niwot Ridge plant material compared to atmospheric trends13. [image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Temperature and moisture are minor drivers of regional-scale soil organic carbon dynamics
                                        
                                    

                                    
                                        Article
                                         Open access
                                         23 April 2019
                                    

                                

                                B. GonzÃ¡lez-DomÃnguez, P. A. Niklaus, â€¦ S. Abiven

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        14C evidence that millennial and fast-cycling soil carbon are equally sensitive to warming
                                        
                                    

                                    
                                        Article
                                        
                                         13 May 2019
                                    

                                

                                Lydia J. S. Vaughn & Margaret S. Torn

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Tropical forest soil carbon stocks do not increase despite 15 years of doubled litter inputs
                                        
                                    

                                    
                                        Article
                                         Open access
                                         02 December 2019
                                    

                                

                                Emma J. Sayer, Luis Lopez-Sangil, â€¦ Michael W. I. Schmidt

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Post, W. M., Emanuel, W. R., Zinke, P. J. & Stangenberger, A. G. Soil carbon pools and world life zones. Nature 298, 156â€“159 (1982)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Trumbore, S. E., Chadwick, O. A. & Amundson, R. Rapid exchange between soil carbon and atmospheric carbon dioxide driven by temperature change. Science 272, 393â€“396 (1996)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Epstein, H. E., Burke, I. C. & Lauenroth, W. K. Regional patterns of decomposition and primary production rates in the US Great Plains. Ecology 83(2), 320â€“327 (2002)

                    Google ScholarÂ 
                

	Vitousek, P. M. et al. Human alteration of the global nitrogen cycle: sources and consequences. Ecol. Appl. 7(3), 737â€“750 (1997)

                    Google ScholarÂ 
                

	Townsend, A. R., Braswell, B. H., Holland, E. A. & Penner, J. E. Spatial and temporal patterns in terrestrial carbon storage due to deposition of fossil fuel nitrogen. Ecol. Appl. 6(3), 806â€“814 (1996)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Vitousek, P. M. Nutrient cycling and nutrient use efficiency. Am. Nat. 119, 553â€“572 (1982)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Melillo, J. M. & Aber, J. D. Nitrogen and lignin control of hardwood leaf litter decomposition dynamics. Ecology 63(3), 621â€“626 (1982)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Hobbie, S. E. Interactions between litter lignin and soil nitrogen availability during leaf litter decomposition in a Hawaiian montane forest. Ecosystems 3, 484â€“494 (2000)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Resh, S. C., Binkely, D. & Parrotta, J. A. Greater soil carbon sequestration under nitrogen-fixing trees compared with Eucalyptus species. Ecosystems 5, 217â€“231 (2002)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Berg, B. & Matzner, E. Effect of N deposition on decomposition of plant litter and soil organic matter in forest systems. Environ. Rev. 5, 1â€“25 (1997)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Bowman, W. D., Theodose, T. A., Schardt, J. C. & Conant, R. T. Constraints of nutrient availability on primary production in two alpine communities. Ecology 74, 2085â€“2098 (1993)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Schlesinger, W. H. & Lichter, J. Limited carbon storage in soil and litter of experimental forest plots under increased CO2 . Nature 411, 466â€“468 (2001)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Magill, A. H. et al. Biogeochemical response of forest ecosystems to stimulated chronic nitrogen deposition. Ecol. Appl. 7(2), 402â€“415 (1997)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Levin, I. & Kromer, B. Trends: A Compendium of Data on Global Change (Carbon Dioxide Information Analysis Center, Oak Ridge National Laboratory, US DOE, Oak Ridge, TN, 1997)

                    Google ScholarÂ 
                

	Trumbore, S. E. Comparison of carbon dynamics in tropical and temperate soils using radiocarbon measurements. Glob. Biogeochem. Cycles 7(2), 275â€“290 (1993)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Gaudinski, J. B., Trumbore, S. E., Davidson, E. A. & Zheng, S. Soil carbon cycling in a temperate forest: radiocarbon-based estimates of residence times, sequestration rates and partitioning of fluxes. Biogeochemistry 51(1), 33â€“69 (2000)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Gleixner, G., Poirier, N., Bol, R. & Balesdent, J. Molecular dynamics of organic matter in a cultivated soil. Org. Geochem. 33(3), 357â€“366 (2002)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Nierop, K. G. J., Pulleman, M. M. & Marinissen, J. C. Y. Management induced organic matter differentiation in grassland and arable soil: a study using pyrolysis techniques. Soil Biol. Biochem. 33, 755â€“764 (2001)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kuder, T. & Kruge, M. A. Preservation of biomolecules in sub-fossil plants from raised peat bogsâ€”a potential paleoenvironmental proxy. Org. Geochem. 29(5â€“7), 1355â€“1368 (1998)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Schmidt, H. L. & Gleixner, G. Stable Isotopes. Integration of Biological, Ecological and Geochemical Processes (ed. Griffith, H.) 13â€“25 (BIOS, Oxford, UK, 1998)

                    Google ScholarÂ 
                

	Schimel, D. S. et al. Climatic, edaphic and biotic controls over storage and turnover of carbon in soils. Glob. Biogeochem. Cycles 8(3), 279â€“293 (1994)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Aber, J. et al. Nitrogen saturation in temperate forest ecosystemsâ€”hypotheses revisited. Bioscience 48(11), 921â€“934 (1998)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Burns, S. F. Alpine Soil Distribution and Development, Indian Peaks, Colorado Front Range. PhD Univ. Colorado (1980)

                    Google ScholarÂ 
                

	Williams, M. W., Hood, E. & Caine, N. Role of organic nitrogen in the nitrogen cycle of a high elevation catchment, Colorado Front Range. Wat. Resour. Res. 37(10), 2569â€“2581 (2001)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Stuiver, M. & Polach, H. A. Discussion: Reporting of 14C data. Radiocarbon 19(3), 355â€“363 (1977)
ArticleÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank D. Schimel, S. Hobbie, J. Harden, T. Seastedt and C. Cleveland for comments on an earlier draft of this manuscript. This work was supported by the Andrew Mellon Foundation, the NSF-LTER program, the US Geological Survey and the Max Planck Institute for Biogeochemistry.


Author information
Author notes	Jason C. Neff, Alan R. Townsend and Gerd Gleixner: These authors contributed equally to this work


Authors and Affiliations
	Earth Surface Processes Team, Geologic Division, US Geological Survey, MS 980, Denver Federal Center, Denver, Colorado, 80225, USA
Jason C. Neff

	Environmental, Population and Organismic Biology, University of Colorado at Boulder, Boulder, Colorado, 80309, USA
Alan R. TownsendÂ &Â William D. Bowman

	Institute for Arctic and Alpine Research, University of Colorado at Boulder, Boulder, Colorado, 80309, USA
Alan R. Townsend,Â Scott J. LehmanÂ &Â Jocelyn Turnbull

	Max Planck Institute for Biogeochemistry, Jena, Germany
Gerd Gleixner


Authors	Jason C. NeffView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Alan R. TownsendView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Gerd GleixnerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Scott J. LehmanView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jocelyn TurnbullView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	William D. BowmanView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Jason C. Neff.


Ethics declarations

              
                Competing interests

                The authors declare that they have no competing financial interests.

              
            

Supplementary information

Supplementary Information: Radiodcarbon data for Niwot Ridge Samples (DOC 50 kb)




Rights and permissions
Reprints and permissions


About this article
Cite this article
Neff, J., Townsend, A., Gleixner, G. et al. Variable effects of nitrogen additions on the stability and turnover of soil carbon.
                    Nature 419, 915â€“917 (2002). https://doi.org/10.1038/nature01136
Download citation
	Received: 29 April 2002

	Accepted: 12 September 2002

	Issue Date: 31 October 2002

	DOI: https://doi.org/10.1038/nature01136


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

                
                    	
                            
                                
                                    
                                        Judicious use of agricultural and industrial waste to rice is a green technology having GHGs mitigation potential
                                    
                                

                            
                                
                                    	P. P. Padhi
	P. Bhattacharyya
	V. Mishra


                                
                                International Journal of Environmental Science and Technology (2024)

                            
	
                            
                                
                                    
                                        Effects of nitrogen addition and drought on the relationship between nitrogen- and water-use efficiency in a temperate grassland
                                    
                                

                            
                                
                                    	Jiaxin Hu
	Wang Ma
	Zhengwen Wang


                                
                                Ecological Processes (2023)

                            
	
                            
                                
                                    
                                        Differential effects of nitrogen addition on the organic carbon fractions of rhizosphere and bulk soil based on a pot experiment
                                    
                                

                            
                                
                                    	Lirong Liao
	Jie Wang
	Chao Zhang


                                
                                Journal of Soils and Sediments (2023)

                            
	
                            
                                
                                    
                                        Soil carbon availability decouples net nitrogen mineralization and net nitrification across United States Long Term Ecological Research sites
                                    
                                

                            
                                
                                    	A. L. Gill
	R. M. Grinder
	A. D. Keiser


                                
                                Biogeochemistry (2023)

                            
	
                            
                                
                                    
                                        Nitrogen deposition enhances soil organic carbon and microbial residual carbon in a tropical forest
                                    
                                

                            
                                
                                    	Jingfan Zhang
	Jinge Zhou
	Faming Wang


                                
                                Plant and Soil (2023)

                            


                

            

        
    

            
                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
	protocols.io
	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 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: ]
