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                    Abstract
Knowledge about the effect of land use conversion on soil organic carbon (SOC) due to Grain-for-Green Program in karst regions is needed to assess carbon cycles in karst ecosystems. In order to evaluate the effects of land conversion, soil sampling was performed in a revegetation sequence down to 0–0.3 m, which included the conversion of cropland to Chinese prickly ash orchard (Zanthoxylum 
                        bungeanum Maxim.) for 7, 14, and 35 years, in a karst region of southwest China. The soil samples were fractioned into three aggregate-size classes: macroaggregate (250–2000 μm), microaggregate (53–250 μm), and silt + clay fraction (<53 μm). Results indicated that SOC concentrations and stocks increased after the conversion of cropland to Chinese prickly ash orchard. The highest SOC concentrations and stocks were all found during the 14 years land use conversion at both the 0–0.15 and 0.15–0.3 m depths. However, the SOC concentrations and stocks showed a decrease trend after 14 years land conversion at both soil depths. For all land use types, the macroaggregate-size class was the dominant fraction in storing SOC, followed by silt + clay fraction and microaggregate. In this study, the increases in macroaggregate-associated SOC stocks were due to increases in both macroaggregation and macroaggregate-associated SOC concentrations, especially dominant by increases in macroaggregate-associated SOC concentrations. However, the increases in microaggregate- and silt + clay-associated SOC stocks were only due to increases in amount of the microaggregates and silt + clay fractions, respectively, after conversion from cropland to Chinese prickly ash orchard. The results suggest that conversion of cropland to Chinese prickly ash orchard can play an important role in SOC sequestration. Nevertheless, for long-term Chinese prickly ash orchard plantation, some appropriate management practices should be implemented to prevent SOC losses in karst region of southwest China.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Soil organic carbon pools under long-term mineral and organic amendments: a multisite study
                                        
                                    

                                    
                                        Article
                                         Open access
                                         27 March 2024
                                    

                                

                                Yiping Liu, Limin Zhang, … Yidong Wang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Soil acidification enhanced soil carbon sequestration through increased mineral protection
                                        
                                    

                                    
                                        Article
                                        
                                         06 March 2024
                                    

                                

                                Mengxiao Yu, Ying-Ping Wang, … Junhua Yan

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Banana peel biochar as alternative source of potassium for plant productivity and sustainable agriculture
                                        
                                    

                                    
                                        Article
                                         Open access
                                         12 November 2019
                                    

                                

                                Mahmuda Islam, M. Halder, … J. C. Joardar

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Albaladejo J, Ortiz R, Garcia-Franco N, Navarro AR, Almagro M, Pintado JG, Martínez-Mena M (2013) Land use and climate change impacts on soil organic carbon stocks in semi-arid Spain. J Soils Sediments 13:265–277
Article 
    CAS 
    
                    Google Scholar 
                

	Awiti AO, Walsh MG, Kinyamario J (2008) Dynamics of topsoil carbon and nitrogen along a tropical forest-cropland chronosequence: evidence from stable isotope analysis and spectroscopy. Agric Ecosyst Environ 127:265–272
Article 
    CAS 
    
                    Google Scholar 
                

	Briedis C, Sá JCM, Caires EF, Navarro JF, Inagaki TM, Boer A, Neto CQ, Ferreira AO, Canalli LB, Santos JB (2012) Soil organic matter pools and carbon-protection mechanisms in aggregate classes influenced by surface liming in a no-till system. Geoderma 170:80–88
Article 
    CAS 
    
                    Google Scholar 
                

	Bronick CJ, Lal R (2005) Soil structure and management: a review. Geoderma 124:3–22
Article 
    CAS 
    
                    Google Scholar 
                

	Cambardella CA, Elliott ET (1993) Carbon and nitrogen distribution in aggregates from cultivated and native grassland soils. Soil Sci Soc Am J 57:1071–1076
Article 
    CAS 
    
                    Google Scholar 
                

	Chen HYH, Shrestha BM (2012) Stand age, fire and clearcutting affect soil organic carbon and aggregation of mineral soils in boreal forests. Soil Biol Biochem 50:149–157
Article 
    CAS 
    
                    Google Scholar 
                

	Chen HQ, Hou RX, Gong YS, Li HW, Fan MS, Kuzyakov Y (2009) Effects of 11 years of conservation tillage on soil organic matter fractions in wheat monoculture in Losses Plateau of China. Soil Till Res 106:85–94
Article 
    
                    Google Scholar 
                

	Chen HS, Zhang W, Wang KL, Hou Y (2011) Soil organic carbon and total nitrogen as affected by land use types in karst and non-karst areas of northwest Guangxi, China. J Sci Food Agric 92:1086–1093
Article 
    PubMed 
    
                    Google Scholar 
                

	Cheng JZ, Lee XQ, Theng BKG, Zhang LK, Fang B, Li FS (2015) Biomass accumulation and carbon sequestration in an age-sequence of Zanthoxylum bungeanum plantation under the Grain for Green program in karst regions, Guizhou Province. Agric Forest Meteorol 203:88–95
Article 
    
                    Google Scholar 
                

	Chivenge P, Vanlauwe B, Gentile R, Six J (2011) Organic resource quality influences short-term aggregate dynamics and soil organic carbon and nitrogen accumulation. Soil Biol Biochem 43:657–666
Article 
    CAS 
    
                    Google Scholar 
                

	Christensen BT (2001) Physical fractionation of soil and structural and functional complexity in organic matter turnover. Eur J Soil Sci 52:345–353
Article 
    CAS 
    
                    Google Scholar 
                

	Conant RT, Paustian K, Elliott ET (2001) Grassland management and conversion into grassland: effects on soil carbon. Ecol Appl 11:343–355
Article 
    
                    Google Scholar 
                

	Davidson EA, Ackerman IL (1993) Changes in soil carbon inventories following cultivation of previously untilled soils. Biogeochemistry 20:161–193
Article 
    CAS 
    
                    Google Scholar 
                

	Harris D, Horwáth WR, van Kessel C (2001) Acid fumigation of soils to remove carbonates prior to total organic carbon or carbon-13 isotopic analysis. Soil Sci Soc Am J 65:1853–1856
Article 
    CAS 
    
                    Google Scholar 
                

	He XY, Wang KL, Zhang W, Chen ZH, Zhu YG, Chen HS (2008) Positive correlation between soil bacterial metabolic and plant species diversity and bacterial and fungal diversity in a vegetation succession on karst. Plant Soil 307:123–134
Article 
    CAS 
    
                    Google Scholar 
                

	Houghton RA (2003) Revised estimates of the annual net flux of carbon to the atmosphere from changes in land use and land management 1850–2000. Tellus B 55:378–390
Article 
    
                    Google Scholar 
                

	Jandl R, Lindner M, Vesterdal L, Bauwens B, Baritz R, Hagedorn F, Johnson DW, Minkkinen K, Byrne KA (2007) How strongly can forest management influence soil carbon sequestration? Geoderma 137:253–268
Article 
    CAS 
    
                    Google Scholar 
                

	Jastrow JD, Miller RM (1998) Soil aggregate stabilization and carbon sequestration: Feedbacks through organomineral associations. In: Lal R, Kimble JM, Follet RF, Stewart BA (eds) Soil processes and the carbon cycle. CRC Press, Boca Raton, pp 207–223

                    Google Scholar 
                

	Jia X, Wei XR, Shao MA, Li XZ (2012) Distribution of soil carbon and nitrogen along a revegetational succession on the Loess Plateau of China. Catena 95:160–168
Article 
    CAS 
    
                    Google Scholar 
                

	Jiménez JJ, Lal R, Leblanc HA, Russo RO, Raut Y (2008) The soil C pool in different agroecosystems derived from the dry tropical forest of Guanacaste, Costa Rica. Ecol Eng 34:289–299
Article 
    
                    Google Scholar 
                

	Kay BD (1998) Soil structure and organic carbon: a review. In: Lal R, Kimble JM, Follett RF, Stewart BA (eds) Soil processes and the carbon cycle. CRC Press LLC, Boca Raton, pp 169–197

                    Google Scholar 
                

	Kemper WD, Rosenau R, Nelson S (1985) Gas displacement and aggregate stability of soils. Soil Sci Soc Am J 49:25–28
Article 
    CAS 
    
                    Google Scholar 
                

	Laganière J, Angers DA, Paré D, Bergeron Y, Chen HYH (2011) Black spruce soils accumulate more uncomplexed organic matter than aspen soils. Soil Sci Soc Am J 75:1125–1132
Article 
    
                    Google Scholar 
                

	Lal R (2004) Soil carbon sequestration impacts on global climate change and food security. Science 304:1623–1627
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Larson C (2011) An unsung carbon sink. Science 334:886–887
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Norton JB, Mukhwana EJ, Norton U (2012) Loss and recovery of soil organic carbon and nitrogen in a semiarid agroecosystem. Soil Sci Soc Am J 76:505–514
Article 
    CAS 
    
                    Google Scholar 
                

	O’Brien SL, Jastrow JD (2013) Physical and chemical protection in hierarchical soil aggregates regulates soil carbon and nitrogen recovery in restored perennial grasslands. Soil Biol Biochem 61:1–13
Article 
    
                    Google Scholar 
                

	Piao SL, Fang JY, Ciais P, Peylin P, Huang Y, Sitch S, Wang T (2009) The carbon balance of terrestrial ecosystems in China. Nature 458:1009–1013
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Poeplau C, Don A (2013) Sensitivity of soil organic stocks and fractions to different land-use changes across Europe. Geoderma 192:189–201
Article 
    CAS 
    
                    Google Scholar 
                

	Qiu LP, Wei XR, Zhang XC, Cheng JM, Gale W, Guo C, Long T (2012) Soil organic carbon losses due to land use change in a semiarid grassland. Plant Soil 355:299–309
Article 
    CAS 
    
                    Google Scholar 
                

	Saha SK, Nair RPK, Nair VD, Kumar BM (2010) Carbon storage in relation to soil size-fractions under tropical tree-based land-use systems. Plant Soil 328:433–446
Article 
    CAS 
    
                    Google Scholar 
                

	Saha D, Kukal SS, Sharma S (2011) Landuse impacts on SOC fractions and aggregate stability in typic ustochrepts of Northwest India. Plant Soil 339:457–470
Article 
    CAS 
    
                    Google Scholar 
                

	Shi J, Cui LL (2010) Soil carbon change and its affecting factors following afforestation in China. Landsc Urban Plan 98:75–85
Article 
    
                    Google Scholar 
                

	Six J, Bossuyt H, Degryze S, Denef K (2004) A history of research on the link between (micro) aggregates, soil biota, and soil organic matter dynamics. Soil Till Res 79:7–31
Article 
    
                    Google Scholar 
                

	Tang J, Mo YH, Zhang JY, Zhang RD (2011) Influence of biological aggregating agents associated with microbial population on soil aggregate stability. Appl Soil Ecol 47:153–159
Article 
    
                    Google Scholar 
                

	Walker LR, Wardle DA, Bardgett RD, Clarkson BD (2010) The use of chronosequences in studies of ecological succession and soil development. J Ecol 98:725–736
Article 
    
                    Google Scholar 
                

	Wang Z, Liu GB, Xu MX, Zhang J, Wang Y, Tang L (2012) Temporal and spatial variations in soil organic carbon sequestration following revegetation in the hilly Loess Plateau, China. Catena 99:26–33
Article 
    CAS 
    
                    Google Scholar 
                

	Wei XR, Shao MA, Gale WJ, Zhang XC, Li LH (2013) Dynamics of aggregate-associated organic carbon following conversion of forest to cropland. Soil Biol Biochem 57:876–883
Article 
    CAS 
    
                    Google Scholar 
                

	Xiao HL, Weng QH (2007) The impact of land use and land cover changes on land surface temperature in a karst area of China. J Environ Manag 85:245–257
Article 
    
                    Google Scholar 
                

	Yao CH, Jiang ZC, Yuan DX (2001) Vegetation effects on Karst physiognomy in southwest China. Acta Geosci Sin 22:159–164 (in Chinese)
                        

                    Google Scholar 
                

	Zhang K, Dang H, Tan S, Cheng X, Zhang Q (2010) Change in soil organic carbon following the ‘Grain-for-Green’ programme in China. Land Degrad Develop 21:13–23
Article 
    
                    Google Scholar 
                

	Zhu HH, He XY, Wang KL, Su YR, Wu JS (2012) Interactions of vegetation succession, soil bio-chemical properties and microbial communities in a karst ecosystem. Eur J Soil Biol 51:1–7
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgments
This work was supported by the National Natural Science Foundation of China (31360121 and 41461072), Science and Technology Development Research Program in Guizhou Province (LKS-2012-25), the Fund for Doctor in Guizhou Normal University, and the program from social development in Guizhou Province (SY-2013-3162). The authors are grateful to the two anonymous reviewers for their valuable comments that improved the quality of this paper.


Author information
Authors and Affiliations
	Guizhou Provincial Key Laboratory of Mountain Environment, Guizhou Normal University, Baoshan Road 116, Guiyang, 550001, People’s Republic of China
Hongkai Liao, Jian Long & Juan Li

	School of Geographic and Environmental Sciences, Guizhou Normal University, Guiyang, 550001, People’s Republic of China
Juan Li


Authors	Hongkai LiaoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jian LongView author publications
You can also search for this author in
                        PubMed Google Scholar



	Juan LiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Jian Long.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Liao, H., Long, J. & Li, J. Conversion of cropland to Chinese prickly ash orchard affects soil organic carbon dynamics in a karst region of southwest China.
                    Nutr Cycl Agroecosyst 104, 15–23 (2016). https://doi.org/10.1007/s10705-015-9754-x
Download citation
	Received: 02 June 2015

	Accepted: 15 December 2015

	Published: 18 December 2015

	Issue Date: January 2016

	DOI: https://doi.org/10.1007/s10705-015-9754-x


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
	Soil organic carbon
	Aggregates
	Land use conversion
	Karst region








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.81.234.231
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    