







    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: 24 May 2017



                    Leaf bacterial diversity mediates plant diversity and ecosystem function relationships

                    	Isabelle Laforest-Lapointe1,2, 
	Alain Paquette1,2, 
	Christian Messier1,2,3 & 
	â€¦
	Steven W. Kembel1,2Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 546,Â pages 145â€“147 (2017)Cite this article
                    

                    
        
            	
                        18k Accesses

                    
	
                        236 Citations

                    
	
                            306 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Biodiversity
	Community ecology
	Microbial ecology


    


                
    
    

    
    

                
            


        
            Abstract
Research on biodiversity and ecosystem functioning has demonstrated links between plant diversity and ecosystem functions such as productivity1,2. At other trophic levels, the plant microbiome has been shown to influence host plant fitness and function3,4, and host-associated microbes have been proposed to influence ecosystem function through their role in defining the extended phenotype of host organisms5,6 However, the importance of the plant microbiome for ecosystem function has not been quantified in the context of the known importance of plant diversity and traits. Here, using a tree biodiversityâ€“ecosystem functioning experiment, we provide strong support for the hypothesis that leaf bacterial diversity is positively linked to ecosystem productivity, even after accounting for the role of plant diversity. Our results also show that host species identity, functional identity and functional diversity are the main determinants of leaf bacterial community structure and diversity. Our study provides evidence of a positive correlation between plant-associated microbial diversity and terrestrial ecosystem productivity, and a new mechanism by which models of biodiversityâ€“ecosystem functioning relationships can be improved.
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                    Figure 1: The IDENT experiment near Montreal, Canada.[image: ]


Figure 2: Structural equation model of plant diversity and identity explaining leaf bacterial diversity and plant community productivity.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Identity of the tree host species in each of the 54 combinations at the IDENT experiment in Montreal.
Ab, Abies balsamea; Ap, Acer platanoides; Ar, Acer rubrum; As, Acer saccharum; Ba, Betula alleghaniensis; Bp, Betula papyrifera; Ld, Larix decidua; Ll, Larix laricina; Pa, Picea abies; Pg, Picea glauca; Po, Picea omorika; Pre, Pinus resinosa; Pru, Picea rubens; Pst, Pinus strobus; Psy, Pinus sylvestris; Qro, Quercus robur; Qru, Quercus rubra; Tc, Tilia cordata; To, Thuja occidentalis.


Extended Data Figure 2 Principal component analysis on functional traits community weighted means.
Traits are: maximum photosynthetic capacity (Amass), nitrogen content of leaves (Nmass), leaf longevity (LL), wood density (WD) and leaf mass per area (LMA). Colours represent plot species richness levels (red for one species, orange for two, green for four, and blue for twelve).


Extended Data Figure 3 A priori structural equation model.
Factors are species richness, functional identity, functional diversity and plot microtopography (elevation at plot centre, cm) as determinants of leaf bacterial diversity and plant community productivity. Green boxes indicate exogenous variables (diversity indices and plot microtopography), whereas responses are in yellow for plot-level leaf bacterial diversity and blue for plant community productivity.


Extended Data Figure 4 Alternative structural equation model excluding the link between leaf bacterial diversity and plant community productivity.
After deletion of this link, the path analysis (nâ€‰=â€‰216, Ï‡2â€‰=â€‰11.906, Pâ€‰=â€‰0.008, dfâ€‰=â€‰3; RMSEAâ€‰=â€‰0.00, Pâ€‰=â€‰0.044) is unstable and inferior to the model with the leaf bacterial diversityâ€“plant community productivity link included. Green boxes indicate plot-level plant diversity indices; yellow denotes plot-level leaf bacterial diversity; blue denotes plant community productivity. Numbers adjacent to arrows and arrow width indicate the effect size of the relationships and the associated bootstrap P value. +Pâ€‰<â€‰0.1; *Pâ€‰<â€‰0.05; **Pâ€‰<â€‰0.01; ***Pâ€‰<â€‰0.001. Continuous and dashed arrows indicate positive and negative relationships, respectively.


Extended Data Figure 5 Structural equation model of plant diversity and identity explaining leaf bacterial diversity and community composition, as well as plant community productivity (full model tested).
Green boxes indicate plot-level plant diversity indices; yellow denotes plot-level leaf bacterial diversity; orange indicates plot-level leaf bacterial identity; blue denotes for plant community productivity. The covariances between leaf bacterial diversity and the two variables of leaf bacterial community composition were also included in the model.


Extended Data Figure 6 Structural equation model of plant diversity and identity explaining leaf bacterial diversity and community composition, as well as plant community productivity.
The path analysis (nâ€‰=â€‰216, Ï‡2â€‰=â€‰1.522, Pâ€‰=â€‰0.677, dfâ€‰=â€‰3; RMSEAâ€‰=â€‰0.00, Pâ€‰=â€‰0.821) explains 38% of the variance in leaf bacterial diversity, 34% and 11% of each components of bacterial identity, and 85% of the variance in plot productivity. Green boxes indicate plot-level plant diversity indices; yellow denotes plot-level leaf bacterial diversity; orange indicates plot-level leaf bacterial identity; blue denotes plant community productivity. Numbers adjacent to arrows and arrow width indicate the effect size of the relationships and the associated bootstrap P value. +Pâ€‰<â€‰0.1; *Pâ€‰<â€‰0.05; **Pâ€‰<â€‰0.01; ***Pâ€‰<â€‰0.001. Continuous and dashed arrows indicate positive and negative relationships, respectively. The covariances between leaf bacterial diversity and the two variables of leaf bacterial community composition were also included in the model.


Extended Data Table 1 Host species functional traitsFull size table
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        Editorial Summary
Leaf bacteria promote plant production
Biodiversity-ecosystem function studies have shown that plant species richness, functional diversity and functional identity are among the key factors driving terrestrial ecosystem productivity. Here, Isabelle Laforest-Lapointe and colleagues assess the contribution that leaf bacterial diversity makes to plant community production in a tree biodiversity-ecosystem function experiment carried out in Montreal, Canada. They find that leaf bacterial diversity is positively related to plant community productivity and explains a portion of the variation in productivity that would otherwise be attributed to plant diversity and functional traits. They conclude that biodiversity-ecosystem function relationships in plant communities could in part be driven by positive interactions that involve other trophic levels, including the plant microbiome.
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