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                    Abstract

Chemically enhanced phytoextraction has been proposed as an effective approach to remove metals from contaminated soil through the Italian ryegrass (Lolium multiflorum Lam.). The bioconcentration factor (BCF) and translocation factor (TF) are important determinants for phytoextraction of metals. In microcosm experiments, effects of saponin on the uptake of Pb, Zn and Cd by Italian ryegrass were studied. Results of BCF indicated that Italian ryegrass was the most efficient in Zn uptake, followed by Cd and Pb (Zn > Cd > Pb). TF results were identical to the BCF results. In addition, the effect of metal stress on antioxidative enzyme activity was studied. Results revealed that under the metal stress, saponin played an important role in the antioxidative activities of Italian ryegrass.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Enhanced Phytoextraction for Co-contaminated Soil with Cd and Pb by Ryegrass (Lolium perenne L.)
                                        
                                    

                                    
                                        Article
                                        
                                         27 June 2019
                                    

                                

                                Yaping Zhang, Fangzhou Li, … Zhen Long

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Effect of indole-3-acetic acid supplementation on the physiology of Lolium perenne L. and microbial activity in cadmium-contaminated soil
                                        
                                    

                                    
                                        Article
                                        
                                         08 March 2022
                                    

                                

                                Xiaoyang Xu, Jihai Zhou, … Shoubiao Zhou

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Ryegrass extraction of heavy metals from municipal sewage sludge compost-amended soils assisted with citric acid
                                        
                                    

                                    
                                        Article
                                        
                                         09 December 2022
                                    

                                

                                Feili Li, Xiaoling Chen, … Tianzheng Ding

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Ali H, Khan E, Sajad MA (2013) Phytoremediation of heavy metals—concepts and applications. Chemosphere 91:869–881
Article 
    CAS 
    
                    Google Scholar 
                

	Almaroai YA, Usman ARA, Ahmad M, Kim KR, Vithanage M, Ok YS (2013) Role of chelating agents on release kinetics of metals and their uptake by maize from chromated copper arsenate-contaminated soil. Environ Technol 34:747–755
Article 
    CAS 
    
                    Google Scholar 
                

	Dhir B, Srivastava S (2013) Heavy metal tolerance in metal hyperaccumulator plant, Salvinia natans. Bull Environ Contam Toxicol 90:720–724
Article 
    CAS 
    
                    Google Scholar 
                

	Ebbs SD, Lasat MM, Brady DJ, Cornish J, Gordon R, Kochian LV (1997) Phytoextraction of cadmium and zinc from a contaminated soil. J Environ Qual 26:1424–1430
Article 
    CAS 
    
                    Google Scholar 
                

	Evangelou MWH, Ebel M, Schaeffer A (2007) Chelate assisted phytoextraction of heavy metals from soil. Effect, mechanism, toxicity, and fate of chelating agents. Chemosphere 68:989–1003
Article 
    CAS 
    
                    Google Scholar 
                

	Juknys R, Vitkauskaitė G, Račaitė M, Venclovienė J (2012) The impacts of heavy metals on oxidative stress and growth of spring barley. Cent Eur J Biol 7:299–306
CAS 
    
                    Google Scholar 
                

	Kim IS, Kang KH, Johnson-Green P, Lee EJ (2003) Investigation of heavy metal accumulation in Polygonum thunbergii for phytoextraction. Environ Pollut 126:235–243
Article 
    CAS 
    
                    Google Scholar 
                

	Ladislas S, El-Mufleh A, Gérente C, Chazarenc F, Andrès Y, Béchet B (2012) Potential of aquatic macrophytes as bioindicators of heavy metal pollution in urban stormwater runoff. Water Air Soil Pollut 223:877–888
Article 
    CAS 
    
                    Google Scholar 
                

	Li X, Poon CS, Liu PS (2001) Heavy metal contamination of urban soils and street dusts in Hong Kong. Appl Geochem 16:1361–1368
Article 
    CAS 
    
                    Google Scholar 
                

	Lou YH, Luo HJ, Hu T, Li HY, Fu JM (2013) Toxic effects, uptake, and translocation of Cd and Pb in perennial ryegrass. Ecotoxicology 22:207–214
Article 
    CAS 
    
                    Google Scholar 
                

	Luo C, Shen Z, Li X (2005) Enhanced phytoextraction of Cu, Pb, Zn and Cd with EDTA and EDDS. Chemosphere 59:1–11
Article 
    CAS 
    
                    Google Scholar 
                

	Milic D, Lukovic J, Ninkov J, Zeremski-Skoric T, Zoric L, Vasin J, Milic S (2012) Heavy metal content in halophytic plants from inland and maritime saline areas. Cent Eur J Biol 7:307–317
CAS 
    
                    Google Scholar 
                

	Mitra S, Dungan SR (2000) Micellar properties of Quillaja saponin. 2. Effect of solubilized cholesterol on solution properties. Colloid Surf B Biointerfaces 17:117–133
Article 
    CAS 
    
                    Google Scholar 
                

	Noctor G, Mhamdi A, Chaouch S, Han YI, Neukermans J, Marquez-Garcia B, Queval G, Foyer CH (2012) Glutathione in plants: an integrated overview. Plant Cell Environ 35:454–484
Article 
    CAS 
    
                    Google Scholar 
                

	Sakakibara M, Ohmori Y, Nguyen THH, Sano S, Sera K (2011) Phytoremediation of heavy metal-contaminated water and sediment by Eleocharis acicularis. Clean 39:735–741
CAS 
    
                    Google Scholar 
                

	Seven I, Aksu T, Seven PT (2010) The effects of propolis on biochemical parameters and activity of antioxidant enzymes in broilers exposed to lead-induced oxidative stress. Asian-Aust J Anim Sci 23:1482–1489
Article 
    CAS 
    
                    Google Scholar 
                

	Shen CF, Tang XJ, Cheema SA, Zhang CK, Khan MI, Liang F, Chen XC, Zhu YF, Lin Q, Chen YX (2009) Enhanced phytoremediation potential of polychlorinated biphenyl contaminated soil from e-waste recycling area in the presence of randomly methylated-β-cyclodextrins. J Hazard Mater 172:1671–1676
Article 
    CAS 
    
                    Google Scholar 
                

	Takemura T, Hanagata N, Sugihara K, Baba S, Karube I, Dubinsky Z (2000) Physiological and biochemical responses to salt stress in the mangrove, Bruguiera gymnorrhiza. Aquat Bot 68:15–28
Article 
    CAS 
    
                    Google Scholar 
                

	Ucuncu E, Tunca E, Fikirdesici S, Ozkan AD, Altindag A (2013) Phytoremediation of Cu, Cr and Pb mixtures by Lemna minor. Bull Environ Contam Toxicol 91:600–604
Article 
    CAS 
    
                    Google Scholar 
                

	Wen JF, Gong M, Liu Y, Hu JL, Deng MH (2013) Effect of hydrogen peroxide on growth and activity of some enzymes involved in proline metabolism of sweet corn seedlings under copper stress. Sci Hortic 164:366–371
Article 
    CAS 
    
                    Google Scholar 
                

	Xu F, Li G, Jin C, Liu W, Zhang S, Zhang Y, Lin X (2012) Aluminum-induced changes in reactive oxygen species accumulation, lipid peroxidation and antioxidant capacity in wheat root tips. Biol Plant 56:89–96
Article 
    CAS 
    
                    Google Scholar 
                

	Yoon J, Cao XD, Zhou QX, Ma LQ (2006) Accumulation of Pb, Cu, and Zn in native plants growing on a contaminated Florida site. Sci Total Environ 368:456–464
Article 
    CAS 
    
                    Google Scholar 
                

	Zhang FQ, Wang YS, Lou ZP, Dong JD (2007) Effect of heavy metal stress on antioxidative enzymes and lipid peroxidation in leaves and roots of two mangrove plant seedlings (Kandelia candel and Bruguiera gymnorrhiza). Chemosphere 67:44–50
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgments
This project was sponsored by the Priority Academic Program Development of Jiangsu Higher Education Institutions (PAPD).


Author information
Authors and Affiliations
	School of Civil Engineering, Southeast University, No.2, Sipailou, Nanjing, 210096, People’s Republic of China
Tengyi Zhu, Dafang Fu & Fang Yang


Authors	Tengyi ZhuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Dafang FuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Fang YangView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Dafang Fu.


Rights and permissions
Reprints and permissions


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



Cite this article
Zhu, T., Fu, D. & Yang, F. Effect of Saponin on the Phytoextraction of Pb, Cd and Zn from Soil Using Italian Ryegrass.
                    Bull Environ Contam Toxicol 94, 129–133 (2015). https://doi.org/10.1007/s00128-014-1412-5
Download citation
	Received: 02 March 2014

	Accepted: 23 October 2014

	Published: 08 November 2014

	Issue Date: January 2015

	DOI: https://doi.org/10.1007/s00128-014-1412-5


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
	Metals
	Bioaccumulation
	Bioconcentration factor
	Translocation factor
	Antioxidant enzymes








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					44.202.179.42
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    