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            Abstract
Soil contains more carbon than the atmosphere and vegetation combined1. Understanding the mechanisms controlling the accumulation and stability of soil carbon is critical to predicting the Earthâ€™s future climate2,3. Recent studies suggest that decomposition of soil organic matter is often limited by nitrogen availability to microbes4,5,6 and that plants, via their fungal symbionts, compete directly with free-living decomposers for nitrogen6,7. Ectomycorrhizal and ericoid mycorrhizal (EEM) fungi produce nitrogen-degrading enzymes, allowing them greater access to organic nitrogen sources than arbuscular mycorrhizal (AM) fungi8,9,10. This leads to the theoretical prediction that soil carbon storage is greater in ecosystems dominated by EEM fungi than in those dominated by AM fungi11. Using global data sets, we show that soil in ecosystems dominated by EEM-associated plants contains 70% more carbon per unit nitrogen than soil in ecosystems dominated by AM-associated plants. The effect of mycorrhizal type on soil carbon is independent of, and of far larger consequence than, the effects of net primary production, temperature, precipitation and soil clay content. Hence the effect of mycorrhizal type on soil carbon content holds at the global scale. This finding links the functional traits of mycorrhizal fungi to carbon storage at ecosystem-to-global scales, suggesting that plantâ€“decomposer competition for nutrients exerts a fundamental control over the terrestrial carbon cycle.
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                    Figure 1: The relationship between soil carbon and nitrogen content to a depth of one metre in AM and EEM ecosystems.[image: ]


Figure 2: The relationships between soil carbon content to a depth of one metre and MAT, MAP, clay content and NPP.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Soil C versus N in the first 50â€‰cm of mineral soil.
Purple symbols are EEM observations and black symbols are AM observations. Plotted lines represent univariate regression lines of the respective subsets of the data. We note that plotted lines are univariate regressions of data subsets and are included for visualization purposes only. Removal of the surface organic horizon did not qualitatively change the interpretation of the data. Both the full model and the best AICc-selected model had a significant interactive effect between mycorrhizal type and soil N on soil C storage, with EEM systems storing 1.6 times more C per unit N than AM systems (Pâ€‰<â€‰0.0001).


Extended Data Figure 2 Soil C versus N excluding boreal observations.
Purple symbols are EEM observations and black symbols are AM observations. Plotted lines represent univariate regression lines of the respective subsets of the data. We note that plotted lines are univariate regressions of data subsets and are included for visualization purposes only. Both the full model and the best AICc-selected model showed a significant interactive effect of mycorrhizal type and soil N on soil C storage, with EEM systems storing 1.6 times more C per unit N than AM systems (P = 0.0014).


Extended Data Figure 3 Soil C versus N limiting data set to observations with less than 3.5â€‰kgâ€‰Nâ€‰mâˆ’2.
Purple symbols are EEM observations and black symbols are AM observations. Plotted lines represent univariate regression lines of the respective subsets of the data. We note that plotted lines are univariate regressions of data subsets and are included for visualization purposes only. Both the full model and the best AICc-selected model found a significant interactive effect of mycorrhizal type and soil N on soil C storage, with EEM systems storing 1.4 times more C per unit N than AM systems (P = 0.0304).


Extended Data Figure 4 Soil C versus N excluding grassland observations.
Purple symbols are EEM observations and black symbols are AM observations. Plotted lines represent univariate regression lines of the respective subsets of the data. We note that plotted lines are univariate regressions of data subsets and are included for visualization purposes only. Both the full model and the best AICc-selected model found a significant interactive effect of mycorrhizal type and soil N on soil C storage, with EEM systems storing 1.5 times more C per unit N than AM systems (P = 0.0023).


Extended Data Figure 5 Soil C versus N restricting the analysis to temperate and tropical forest observations only.
Purple symbols are EEM and black symbols are AM observations. Plotted lines represent univariate regression lines of the respective subsets of the data. We note that plotted lines are univariate regressions of data subsets and are included for visualization purposes only. Both the full model and the best AICc-selected model incorporated the interactive effect of mycorrhizal type and soil N on soil C storage, with EEM systems storing 1.3 times more C per unit N than AM systems, although the effect was marginally not significant (P = 0.0690). We re-emphasize that the full model incorporates biome type, and weights observations by the inverse of their C values, to prevent undue influence of large observations on the estimated effect size.


Extended Data Table 1 Mineral soil (0â€“50â€‰cm) analysis regression output from the best AICc-selected modelFull size table


Extended Data Table 2 Removing boreal forests analysis from the best AICc-selected modelFull size table


Extended Data Table 3 Restricting range of N content analysis from the best AICc-selected modelFull size table


Extended Data Table 4 Removing grasslands analysis from the best AICc-selected modelFull size table


Extended Data Table 5 Temperate and tropical biomes only, from the best AICc-selected modelFull size table
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Ecosystems differ in the type of plant-associated mycorrhizal fungi (root symbionts associated with nearly all land plants) that dominate. Ectomycorrhiza and ericoid mycorrhizal (EEM) fungi produce nitrogen-degrading enzymes, whereas arbuscular mycorrhiza do not, leading to the prediction that plants in the EEM ecosystems will compete with decomposers for soil nitrogen and therefore increase soil carbon storage. These authors assemble a global data set to show that this is indeed the case, with 70% more carbon storage in EEM ecosystems than in ecosystems dominated by arbuscular mycorrhiza, and that mycorrhizal type is more important than other determinants of soil carbon storage levels.

show all

    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    Good dirt with good friends
                

                
	Mark A. Bradford



                
    
        
            Nature
        
        News & Views
        
        
            08 Jan 2014
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            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: ]
