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                    Abstract
Peat respiration that releases carbon dioxide (CO2) to the atmosphere contributes to regional and global change. Aeration associated with soil water content levels controls emission rates, but soil amendments might mitigate respiration. The objectives of this study were to examine the effects of various water content levels and laterite application on microbial (heterotrophic) respiration in peat soil. Bulk samples of surface (0–20 cm depth) and subsurface (30–50 cm depth) layers were collected from an oil palm plantation in Riau Province, Indonesia. Peat water content was adjusted to 20, 40, 60, 80, and 100 % water filled pore space (WFPS). Laterite soil (clay containing high Al and Fe oxides) was applied to 3, 6, and 12 mg g−1 dry weight (1.2, 2.4, and 4.8 Mg ha−1) peat samples at 60 % and 100 % WFPS. Results showed peat respiration was notably affected by water content, but less affected by laterite application. Peat respiration increased sharply from wet (≥80 % WFPS) to moist soil (60 to 40 % WFPS), and decreased when soil dried (≤40 % WFPS). Laterite as a peat ameliorant accelerated rather than reduced peat respiration, and is therefore not a viable choice for CO2 emissions reduction.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Long-Term Phosphorus Addition Strongly Weakens the Carbon Sink Function of a Temperate Peatland
                                        
                                    

                                    
                                        Article
                                        
                                         18 March 2022
                                    

                                

                                Fan Lu, Jianghua Wu, … Zhao-Jun Bu

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Impacts of Climate Warming on Soil Phosphorus Forms and Transformation in a Tibetan Alpine Meadow
                                        
                                    

                                    
                                        Article
                                        
                                         21 March 2022
                                    

                                

                                Zhiyuan Cao, Li Xu, … Nianpeng He

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Liming induces carbon dioxide (CO2) emission in PSB inoculated alkaline soil supplemented with different phosphorus sources
                                        
                                    

                                    
                                        Article
                                        
                                         20 January 2018
                                    

                                

                                Muhammad Adnan, Zahir Shah, … Hidayatur Rahman

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Alef K (1995) Estimation of soil respiration. In: Alef K, Nannipieri P (eds) Methods in applied soil microbiology and biochemistry. Academic, London, pp 464–467

                    Google Scholar 
                

	Balai Penelitian Tanah (2005) Petunjuk teknis analisis kimia tanah, tanaman, air, dan pupuk (Guidelines for soil, plant, water and fertilizer chemical analyses). Balai Penelitian Tanah, Bogor

                    Google Scholar 
                

	Bunnell F, Tait DEN (1974) Mathematical simulation models of decomposition processes. In: Holding AJ (ed) Soil organisms and decomposition in tundra. Tundra Biome Steering Committee, Stockholm, Sweden, pp 207–225

                    Google Scholar 
                

	Castellano MJ, Schmidt JP, Kaye JP et al (2011) Hydrological controls on heterotrophic soil respiration across an agricultural landscape. Geoderma 162:273–280
Article 
    
                    Google Scholar 
                

	Chow AT, Tanji KK, Gao S et al (2006) Temperature, water content and wet–dry cycle effects on DOC production and carbon mineralization in agricultural peat soils. Soil Biol Biochem 38:477–488
Article 
    
                    Google Scholar 
                

	Cook FJ, Orchard VA (2008) Citation classics: relationships between soil respiration and soil moisture. Soil Biol Biochem 40:1013–1018
Article 
    
                    Google Scholar 
                

	Davidson EA, Belk E, Boone RD (1998) Soil water content and temperature as independent or confounded factors controlling soil respiration in a temperate mixed hardwood forest. Glob Chang Biol 4:217–227
Article 
    
                    Google Scholar 
                

	Davidson EA, Trumbore SE, Amundson R (2000) Soil warming and organic carbon content. Nature 408:789–790
Article 
    
                    Google Scholar 
                

	Firdaus MS, Gandaseca S, Ahmed HA et al (2010) Effect of converting secondary tropical peat swamp forest into oil palm plantation on selected peat soil physical properties. Am J Environ Sci 6:402–405
Article 
    
                    Google Scholar 
                

	Franzluebbers AJ (1999) Potential C and N mineralization and microbial biomass from intact and increasingly disturbed soils of varying texture. Soil Biol Biochem 31:1083–1090
Article 
    
                    Google Scholar 
                

	Gleeson DB, Muller C, Banerjee S et al (2010) Response of ammonia oxidizing archaea and bacteria to changing water filled pore space, short communication. Soil Biol Biochem 42:1888–1891
Article 
    
                    Google Scholar 
                

	Gogo S, Pearce DME (2009) Carbon, cations and CEC: interactions and effects on microbial activity in peat. Geoderma 153:76–86
Article 
    
                    Google Scholar 
                

	Haney RL, Haney EB (2010) Simple and rapid laboratory method for rewetting dry soil for incubations. Soil Sci Plant Anal 41:1493–1501
Article 
    
                    Google Scholar 
                

	Hooijer A, Page S, Canadell JG et al (2010) Current and future CO2 emissions from drained peatlands in Southeast Asia. Biogeosciences 7:1505–1514
Article 
    
                    Google Scholar 
                

	Howard DM, Howard PJA (1993) Relationships between CO2 evolution, moisture content and temperature for a range of soil types. Soil Biol Biochem 25:1537–1546
Article 
    
                    Google Scholar 
                

	Husen E, Agus F (2011) Microbial activities as affected by peat dryness and ameliorant. Am J Environ Sci 7:348–353
Article 
    
                    Google Scholar 
                

	Jauhiainen J, Limin S, Silvenninen H et al (2008) Carbon dioxide and methane fluxes in drained tropical peat before and after hydrological restoration. Ecology 89:3503–3514
Article 
    
                    Google Scholar 
                

	Jauhiainen J, Hooijer A, Page SE (2012) Carbon dioxide emissions from an Acacia plantation on peatland in Sumatra, Indonesia. Biogeosciences 9:617–630
Article 
    
                    Google Scholar 
                

	Kechavarzi C, Dawson Q, Bartlett M et al (2010) The role of soil moisture, temperature and nutrient amendment on CO2 efflux from agricultural peat soil microcosms. Geoderma 154:203–210
Article 
    
                    Google Scholar 
                

	Linn DM, Doran JW (1984) Effect of water-filled pore-space on carbon-dioxide production in tilled and non-tilled soils. Soil Sci Soc Am J 48:1267–1272
Article 
    
                    Google Scholar 
                

	Luka A, Kraigher B, Mandic-Mulec I (2009) Differences in the activity and bacterial community structure of drained grassland and forest peat soils. Soil Biol Biochem 41:1874–1881
Article 
    
                    Google Scholar 
                

	Makiranta P, Laiho R, Fritze H et al (2009) Indirect regulation of heterotrophic peat soil respiration by water level via microbial community structure and temperature sensitivity. Soil Biol Biochem 41:695–703
Article 
    
                    Google Scholar 
                

	Mario MD (2002) Peningkatan Produktivitas dan Stabilitas Tanah Gambut dengan Pemberian Tanah Mineral yang Diperkaya oleh Bahan Berkadar Besi Tinggi (Improving peat soil productivity and stability by application of mineral soil enriched with iron rich material). PhD Dissertation, Bogor Agricultural University, Bogor, Indonesia

	Rachim A (1995) Penggunaan Kation-kation Polivalen dalam Kaitannya dengan Ketersediaan Fosfat untuk Meningkatkan Produksi Jagung pada Tanah Gambut (The use of polyvalent cations to increase the availability of phosphate and maize yield planted in peat soil). PhD Dissertation, Bogor Agricultural University, Bogor, Indonesia

	Reichstein M, Rey A, Freibauer A (2003) Modeling temporal and large-scale spatial variability of soil respiration from soil water availability, temperature and vegetation productivity indices. Glob Biogeochem Cycles 17:1104
Article 
    
                    Google Scholar 
                

	Silvola J, Valijoki J, Aaltonen H (1985) Effect of draining and fertilization on soil respiration at three ameliorated peatland experiments. Acta Forestalia Fenn 191:1–32

                    Google Scholar 
                

	Skopp J, Jawson MD, Doran JW (1990) Steady-state aerobic microbial activity as a function of soil water content. Soil Sci Soc Am J 54:1619–1625
Article 
    
                    Google Scholar 
                

	Smith VR (2005) Moisture, carbon and inorganic nutrient controls of soil respiration at a sub-Antarctic island. Soil Biol Biochem 37:81–91
Article 
    
                    Google Scholar 
                

	Stark JM, Firestone MK (1995) Mechanisms for soil moisture effects on activity of nitrifying bacteria. Appl Environ Microbiol 61:218–221

                    Google Scholar 
                

	Thomas PA, Pearce DME (2003) Role of cation exchange in preventing the decay of anoxic deep bog peat. Soil Biol Biochem 36:23–32
Article 
    
                    Google Scholar 
                

	Wang WJ, Dalal RC, Moody PW et al (2003) Relationships of soil respiration to microbial biomass, substrate availability and clay content. Soil Biol Biochem 35:273–284
Article 
    
                    Google Scholar 
                

	Zibilske LM (1994) Carbon mineralization. In: Weaver RW, Angle S, Bottomley P et al (eds) Methods of soil analysis, part 2 microbiological and biochemical properties. SSSA Inc, Madison, pp 835–863

                    Google Scholar 
                

	Zuberer DA (1994) Recovery and enumeration of viable bacteria. In: Weaver RW, Angle S, Bottomley P et al (eds) Methods of soil analysis, part 2 microbiological and biochemical properties. SSSA Inc, Madison, pp 119–144

                    Google Scholar 
                


Download references




Acknowledgments
The European Community’s Seventh Framework Programme (FP7/2007–2013, Project Number No. 226310) funded this research as part of the REDD-ALERT project


Author information
Authors and Affiliations
	Indonesian Soil Research Institute, Indonesian Agency for Agricultural Research and Development (IAARD), Jl. Tentara Pelajar No. 12, Kampus Penelitian Pertanian Cimanggu, Bogor, 16114, Indonesia
Edi Husen, Selly Salma & Fahmuddin Agus


Authors	Edi HusenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Selly SalmaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Fahmuddin AgusView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Edi Husen.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Husen, E., Salma, S. & Agus, F. Peat emission control by groundwater management and soil amendments: evidence from laboratory experiments.
                    Mitig Adapt Strateg Glob Change 19, 821–829 (2014). https://doi.org/10.1007/s11027-013-9526-3
Download citation
	Received: 04 February 2013

	Accepted: 07 November 2013

	Published: 23 November 2013

	Issue Date: August 2014

	DOI: https://doi.org/10.1007/s11027-013-9526-3


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
                        


Keywords
	Ameliorant
	Heterotrophic microbes
	Laterite
	Peat respiration
	Water content








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					44.201.69.160
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    