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            Abstract
The emission of isoprene from the leaves of forest trees is a fundamental component of biosphereâ€“atmosphere interactions, controlling many aspects of photochemistry in the lower atmosphere1,2,3. As almost all commercial agriforest species emit high levels of isoprene4, proliferation of agriforest plantations has significant potential to increase regional ozone pollution5,6,7 and enhance the lifetime of methane8, an important determinant of global climate. Here we show that growth of an intact Populus deltoides plantation under increased CO2 (800â€‰Âµmolâ€‰mol-1 and 1,200â€‰Âµmolâ€‰mol-1) reduced ecosystem isoprene production by 21% and 41%, while above-ground biomass accumulation was enhanced by 60% and 82%, respectively. Exposure to increased CO2 significantly reduced the cellular content of dimethylallyl diphosphate, the substrate for isoprene synthesis, in both leaves and leaf protoplasts. We identify intracellular metabolic competition for phosphoenolpyruvate as a possible control point in explaining the suppression of isoprene emission under increased CO2. Our results highlight the potential for uncoupling isoprene emission from biomass accumulation in an agriforest species, and show that negative air-quality effects of proliferating agriforests may be offset by increases in CO2.
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                    Figure 1: Net ecosystem isoprene production for Populus deltoides plantations.[image: ]


Figure 2: Isoprene production and dimethylallyl diphosphate (DMAPP) content in leaves and protoplasts of P. deltoides.[image: ]


Figure 3: NaHCO3 reduces isoprene production and DMAPP content in P. deltoides protoplasts.[image: ]


Figure 4: Influence of two inhibitors of phosphoenolpyruvate carboxylase activity on isoprene production and net photosynthesis in excised leaves of P. deltoides.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Australian human-induced native forest regeneration carbon offset projects have limited impact on changes in woody vegetation cover and carbon removals
                                        
                                    

                                    
                                        Article
                                         Open access
                                         26 March 2024
                                    

                                

                                Andrew Macintosh, Don Butler, â€¦ Paul Summerfield

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Meta-analysis shows the impacts of ecological restoration on greenhouse gas emissions
                                        
                                    

                                    
                                        Article
                                         Open access
                                         26 March 2024
                                    

                                

                                Tiehu He, Weixin Ding, â€¦ Quanfa Zhang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Accounting for albedo change to identify climate-positive tree cover restoration
                                        
                                    

                                    
                                        Article
                                         Open access
                                         26 March 2024
                                    

                                

                                Natalia Hasler, Christopher A. Williams, â€¦ Susan C. Cook-Patton

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Fehsenfeld, F. C. et al. Emissions of volatile organic compounds from vegetation and the implications for atmospheric chemistry. Glob. Biogeochem. Cycles 6, 389â€“430 (1992)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Fuentes, J. D. et al. Biogenic hydrocarbons in the atmospheric boundary layer: a review. Bull. Am. Meteorol. Soc. 81, 1537â€“1575 (2000)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Monson, R. K. & Holland, E. A. Biospheric trace gas fluxes and their control over tropospheric chemistry. Annu. Rev. Ecol. Syst. 32, 547â€“576 (2001)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Harley, P. C., Monson, R. K. & Lerdau, M. T. Ecological and evolutionary aspects of isoprene emission from plants. Oecologia 118, 109â€“123 (1999)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Trainer, M. et al. Models and observations of the impact of natural hydrocarbons on rural ozone. Nature 329, 705â€“707 (1987)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Chameides, W. L., Lindsay, R. W., Richardson, J. & Kiang, C. S. The role of biogenic hydrocarbons in urban photochemical smog: Atlanta as a case study. Science 241, 1473â€“1475 (1988)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Pierce, T. et al. Influence of increased isoprene emissions on regional ozone modeling. J. Geophys. Res. 103, 25611â€“25629 (1999)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Poisson, N., Kanakidou, M. & Crutzen, P. J. Impact of non-methane hydrocarbons on tropospheric chemistry and the oxidizing power of the global troposphere: three-dimensional modeling results. J. Atmos. Chem. 36, 157â€“230 (2000)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lerdau, M. & Slobodkin, L. Trace gas emissions and species-dependent ecosystem services. Trends Ecol. Evol. 17, 309â€“312 (2002)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Brown, S., Sathaye, J., Cannell, M. & Kauppi, P. in Climate Change in 1995â€”Impacts, Adaptations and Mitigation of Climate Change: Scientificâ€“Technical Analyses. Contribution of Working Group II to the Second Assessment Report of the Intergovernmental Panel on Climate Change (eds Watson, R. T., Zinowera, M. C. & Moss, R. H.) 776â€“797 (Cambridge Univ. Press, Cambridge, 1996)

                    Google ScholarÂ 
                

	Fenning, T. M. & Gershenzon, J. Where will the wood come from? Plantation forests and the role of biotechnology. Trends Biotechnol. 20, 291â€“296 (2002)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Muller, J. F. Geographical distribution and seasonal variation of surface emissions and deposition velocities of atmospheric trace gases. J. Geophys. Res. 97, 3787â€“3804 (1992)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Forest Products 1991-1995. FAO Forestry Series No. 30, FAO Statistic Series No. 137/(Food and Agriculture Organization of the United Nations, Rome, 1995).

	Marino, B. D. V. & Odum, H. T. Biosphere 2 Research Past and Present (Elsevier, New York, 1999)

                    Google ScholarÂ 
                

	Harley, P., Guenther, A. & Zimmerman, P. Environmental controls over isoprene emission in deciduous oak canopies. Tree Physiol. 17, 705â€“714 (1997)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sharkey, T. D., Loreto, F. & Delwiche, F. High carbon dioxide and sun/shade effects on isoprene emission from oak and aspen tree leaves. Plant/Cell Environ. 14, 333â€“338 (1991)
CASÂ 
    
                    Google ScholarÂ 
                

	Gielen, B. & Ceulemans, R. The likely impact of rising atmospheric CO2 on natural and managed Populus: a literature review. Environ. Pollut. 115, 335â€“338 (2001)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Rosenstiel, T. N., Fisher, A. J., Fall, R. & Monson, R. K. Differential accumulation of dimethylallyl-diphosphate in leaves and needles of isoprene- and methylbutenol-emitting and non-emitting species. Plant Physiol. 129, 1276â€“1284 (2002)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lichtenthaler, H. K. The 1-deoxy-d-xylulose-5-phosphate pathway of isoprenoid biosynthesis in plants. Annu. Rev. Plant Physiol. Plant Mol. Biol. 50, 47â€“65 (1999)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Karl, T. et al. On line analysis of the 13CO2 labeling of leaf isoprene suggests multiple subcellular origins of isoprene precursors. Planta 215, 894â€“905 (2002)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Chollet, R., Vidal, J. & O'Leary, M. H. Phosphoenolpyruvate carboxylase: a ubiquitous highly regulated enzyme in plants. Annu. Rev. Plant Physiol. Plant Mol. Biol. 47, 273â€“298 (1996)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Griffin, K. L. et al. Plant growth in elevated CO2 alters mitochondrial number and chloroplast fine structure. Proc. Natl Acad. Sci. USA 98, 2473â€“2478 (2001)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wang, X., Lewis, J. D., Tissue, D. T., Seeman, J. R. & Griffin, K. L. Effects of elevated atmospheric CO2 concentration of leaf dark respiration of Xanthium strumarium in light and in darkness. Proc. Natl Acad. Sci. USA 98, 2479â€“2484 (2001)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Crutzen, P. J., Lawrence, M. G. & Poschl, U. On the background photochemistry of tropospheric ozone. Tellus A 51, 123â€“146 (1999)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Sharkey, T. D. & Yeh, S. Isoprene emission from plants. Annu. Rev. Plant Physiol. Plant Mol. Biol. 52, 407â€“436 (2001)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Griffin, K. L. et al. Leaf respiration is differentially affected by leaf vs. stand-level night-time warming. Glob. Change Biol. 8, 479â€“485 (2002)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Sanadze, G. A., Mgaloblishvili, M. P. & Dalakishvili, K. G. Action of cerulenin, organophosphorous compounds, and synthetic analogs of carbohydrates on CO2 assimilation and the isoprene effect in isolated Poplar protoplasts. Sov. Plant Physiol. 37, 1â€“5 (1990)

                    Google ScholarÂ 
                

	Edwards, G. E., Robinson, S. P., Tyler, N. J. C. & Walker, D. A. A requirement for chelation in obtaining functional chloroplasts of Sunflower and Wheat. Arch. Biochem. Biophys. 190, 421â€“433 (1978)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Magin, N. C., Cooley, B. A., Reiskind, J. B. & Bowes, G. Regulation and localization of key enzymes during the induction of Kranz-less, C4-type photosynthesis in Hydrilla verticillata. Plant Physiol. 115, 1681â€“1689 (1997)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Jenkins, C. L. D., Furbank, R. T. & Hatch, M. D. Inorganic carbon diffusion between C4 mesophyll and bundle sheath cells. Plant Physiol. 91, 1356â€“1363 (1989)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank R. Murthy for assistance at the Biosphere 2 Center, W. Kahtri for technical assistance, and C. Jenkins for supplying DCDP. This work was supported in part by grants from the National Science Foundation (NSF), the Department of Energy and the Packard Foundations to R.F., R.K.M. and K.L.G., an NSF fellowship to M.J.P., a Cooperative Institute for Research in Environmental Sciences fellowship to T.N.R., and a Columbia University Biosphere 2 grant to R.K.M.


Author information
Author notes	Mark J. Potosnak
Present address: National Center for Atmospheric Research, Boulder, Colorado, 80305, USA

	Todd N. Rosenstiel and Mark J. Potosnak: These authors contributed equally to this work


Authors and Affiliations
	Department of Environmental, Population, and Organismic Biology, University of Colorado, Boulder, Colorado, 80309, USA
Todd N. RosenstielÂ &Â Russell K. Monson

	Cooperative Institute for Research in Environmental Sciences, University of Colorado, Boulder, Colorado, 80309, USA
Todd N. Rosenstiel,Â Ray FallÂ &Â Russell K. Monson

	Department of Chemistry and Biochemistry, University of Colorado, Boulder, Colorado, 80309, USA
Ray Fall

	Lamont-Doherty Earth Observatory, Columbia University, Palisades, New York, 10964, USA
Mark J. PotosnakÂ &Â Kevin L. Griffin


Authors	Todd N. RosenstielView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Mark J. PotosnakView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Kevin L. GriffinView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Ray FallView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Russell K. MonsonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Todd N. Rosenstiel.


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
Rosenstiel, T., Potosnak, M., Griffin, K. et al. Increased CO2 uncouples growth from isoprene emission in an agriforest ecosystem.
                    Nature 421, 256â€“259 (2003). https://doi.org/10.1038/nature01312
Download citation
	Received: 14 October 2002

	Accepted: 15 November 2002

	Published: 05 January 2003

	Issue Date: 16 January 2003

	DOI: https://doi.org/10.1038/nature01312


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

                
                    	
                            
                                
                                    
                                        High-latitude vegetation changes will determine future plant volatile impacts on atmospheric organic aerosols
                                    
                                

                            
                                
                                    	Jing Tang
	Putian Zhou
	Riikka Rinnan


                                
                                npj Climate and Atmospheric Science (2023)

                            
	
                            
                                
                                    
                                        Analysis on the Influencing Factors and Future Trend of HCHO Pollution in Brazil
                                    
                                

                            
                                
                                    	Cheng Huang
	Tianzhen Ju
	Chunxue Li


                                
                                Water, Air, & Soil Pollution (2023)

                            
	
                            
                                
                                    
                                        Background Characteristics of Atmospheric CO2 and the Potential Source Regions in the Pearl River Delta Region of China
                                    
                                

                            
                                
                                    	Boru Mai
	Xuejiao Deng
	Xia Liu


                                
                                Advances in Atmospheric Sciences (2020)

                            
	
                            
                                
                                    
                                        A breath of information: the volatilome
                                    
                                

                            
                                
                                    	M. Mansurova
	Birgitta E. Ebert
	Alfredo J. IbÃ¡Ã±ez


                                
                                Current Genetics (2018)

                            
	
                            
                                
                                    
                                        Climate change impacts on human health over Europe through its effect on air quality
                                    
                                

                            
                                
                                    	Ruth M. Doherty
	Mathew R. Heal
	Fiona M. Oâ€™Connor


                                
                                Environmental Health (2017)

                            


                

            

        
    

            
                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: ]
