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                    Abstract
Salinity is a potential environmental stress factor for plants. Improving plant growth under salinity stress requires an understanding of resistance mechanisms. Salinity stress resistance is related to both salinity avoidance and tolerance. In this study, interspecific differences in salinity stress resistance, avoidance, and tolerance were examined in eight C3 turfgrass species, namely Agrostis alba, Agrostis tenius, Dactylis glomerata, Festuca ovina, Festuca rubra, Lolium perenne, Phleum pratense, and Poa pratensis. In a greenhouse experiment, plants were exposed to 50, 100, or 200 mM NaCl for 2 weeks supplied via a hydroponics system. We found that interspecific differences in salinity stress resistance were associated mainly with salinity tolerance. Salinity avoidance mechanisms also contributed significantly to stress resistance. The contribution of genotype towards interspecific variation in salinity resistance and tolerance was higher than that of Na+ concentration. Salinity stress had negative effects on shoot dry mass, water status, and membrane stability. Relative water content was significantly correlated with salinity resistance, avoidance, and tolerance, whereas no significant correlation was observed for ion leakage. Mineral contents showed no clear contribution to salinity tolerance. Species varied in their proline content even in control conditions, and there was a positive association between proline content and salinity resistance and tolerance, but a negative association between proline content and salinity avoidance. F. ovina and P. pratense displayed the highest and lowest salinity stress resistance, respectively. The results of this study suggest that both salinity tolerance and avoidance mechanisms contribute towards salinity resistance, and that variation in salinity stress resistance among species is attributed to differences in proline content.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]

                                
                                
                                    
                                        Linking diverse salinity responses of 14 almond rootstocks with physiological, biochemical, and genetic determinants
                                        
                                    

                                    
                                        Article
                                         Open access
                                         03 December 2020
                                    

                                

                                Devinder Sandhu, Amita Kaundal, … Donald L. Suarez

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Variable salinity responses of 12 alfalfa genotypes and comparative expression analyses of salt-response genes
                                        
                                    

                                    
                                        Article
                                         Open access
                                         22 February 2017
                                    

                                

                                Devinder Sandhu, Monica V. Cornacchione, … Donald L. Suarez

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Physiological, Morphological, Biochemical, and Genetic Responses of Alfalfa to Salinity
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2021
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Adem GD, Roy SJ, Zhou M, Bowman JP, Shabala S (2014) Evaluating contribution of ionic, osmotic and oxidative stress components towards salinity tolerance in barley. BMC Plant Biol 14:113
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Banu NA, Hoque A, Watanabe-Sugimoto M, Matsuoka K, Nakamura Y, Shi-moishi Y, Murata Y (2009) Proline and glycline betaine induce antioxidant defense gene expression and suppress cell death in cultured tobacco cells under salt stress. J Plant Physiol 66:146–156
Article 
    
                    Google Scholar 
                

	Bartels D, Sunkar R (2005) Drought and salt tolerance in plants. Crit Rev Plant Sci 24:23–58
Article 
    CAS 
    
                    Google Scholar 
                

	Bates LS, Waldern RP, Teare ID (1973) Rapid determination of free proline for water-stress studies. Plant Soil 39:205–207
Article 
    CAS 
    
                    Google Scholar 
                

	Bohnert HJ, Jensen RG (1996) Strategies for engineering water-stress tolerance in plants. Trends Biotechnol 14:89–97
Article 
    CAS 
    
                    Google Scholar 
                

	Carillo P, Annunziata MG, Pontecorvo G, Fuggi A, Woodrow P (2011) Salinity stress and salt tolerance. In: Shanker A (ed) Abiotic stress in plants-mechanisms and adaptations. ISBN: 978-953-307-394-1, In Tech

	Deinlein U, Stephan AB, Horie T, Luo W, Xu G, Schroeder JI (2014) Plant salt-tolerance mechanisms. Trends Plant Sci 19:371–379
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Dogan M, Tipirdamaz R, Demir Y (2010) Salt resistance of tomato species grown in sand culture. Plant Soil Environ 56:499–507
Article 
    CAS 
    
                    Google Scholar 
                

	FAO (2011) Land and plant nutrition management service. http://www.fao.org/ag/agl/agll/spush
                        

	Flowers TJ, Hajibegheri MA (2001) Salinity tolerance in Hordeum vulgare: ion concentration in root cells of cultivars differing in salt tolerance. Plant Soil 231:1–9
Article 
    CAS 
    
                    Google Scholar 
                

	Flowers TJ, Yeo AR (1995) Breeding for salinity resistance in crop plants: where next? Aust J Plant Physiol 22:875–884
Article 
    
                    Google Scholar 
                

	Gorham J, Wyn Jones RG, Mcdonnell E (1985) Some mechanisms of salt tolerance in crop plants. Plant Soil 89:15–40
Article 
    CAS 
    
                    Google Scholar 
                

	Hasegawa PM, Bressan RA, Zhu JK, Bohnert HJ (2000) Plant cellular and molecular responses to high salinity. Annu Rev Plant Biol 51:463–499
Article 
    CAS 
    
                    Google Scholar 
                

	Hoque MA, Okuma E, Banu MNA, Nakamura Y, Shimoishi Y, Murata Y (2007) Exogenous proline mitigates the detrimental effects of salt stress more than exogenous betaine by increasing antioxidant enzyme activities. J Plant Physiol 164:553–561
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Jiang Y, Huang B (2002) Protein alterations in tall fescue in response to drought stress and abscisic acid. Crop Sci 42:202–207
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Khedr AA, Abbas MA, Abdel Wahid AA, Paul Quick W, Abogadallah GM (2003) Proline induces the expression of salt-stress-responsive proteins and may improve the adaptation of Pancratium maritimum L. to salt-stress. J Exp Bot 54:2553–2562
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Loutfy N, El-Tayeb MA, Hassanen AM, Moustafa MFM, Sakuma Y, Inouhe M (2012) Changes in the water status and osmotic solute contents in response to drought and salicylic acid treatments in four different cultivars of wheat (Triticum aestivum). J Plant Res 125:173–184
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Maeda Y, Nakazawa R (2008) Effects of the timing of calcium application on the alleviation of salt stress in the maize, tall fescue, and reed canary grass seedlings. Biol Plant 52:153–156
Article 
    CAS 
    
                    Google Scholar 
                

	Mäser P, Eckelman B, Vaidyanathan R, Horie T, Fairbairn DJ, Kubo M, Yamagami M, Yamaguchi K, Nishimura M, Uozumi N, Robertson W, Sussman MR, Schroeder JI (2002) Altered shoot/root Na+ distribution and bifurcating salt sensitivity in Arabidopsis by genetic disruption of the Na+ transporter AtHKT1. FEBS Lett 531:157–161
Article 
    PubMed 
    
                    Google Scholar 
                

	Mitsuya S, Kawasaki M, Taniguchi M, Miyake H (2003a) Relationship between salinity-induced damages and aging in rice tissues. Plant Prod Sci 6:213–218
Article 
    
                    Google Scholar 
                

	Mitsuya S, Kawasaki M, Taniguchi M, Miyake H (2003b) Light dependency of salinity-induced chloroplast degradation. Plant Prod Sci 6:219–223
Article 
    
                    Google Scholar 
                

	Munns R (2002) Comparative physiology of salt and water stress. Plant Cell Environ 25:239–250
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Munns R, Tester M (2008) Mechanisms of salinity tolerance. Annu Rev Plant Biol 59:651–681
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Munns R, James RA, Läuchli A (2006) Approaches to increasing the salt tolerance of wheat and other cereals. J Exp Bot 57:1025–1043
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Pandolfi C, Mancuso S, Shabala S (2012) Physiology of acclimation to salinity stress in pea (Pisum sativum). Environ Exp Bot 84:44–51
Article 
    CAS 
    
                    Google Scholar 
                

	Roy S, Chakraborty U (2014) Salt tolerance mechanisms in salt tolerant grasses (STGs) and their prospects in cereal crops improvement. Bot Stud 55:31
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Sabreen S, Sugiyama S (2008) Trade-off between cadmium tolerance and relative growth rate in 10 grass species. Environ Exp Bot 63:327–332
Article 
    CAS 
    
                    Google Scholar 
                

	Silva-Ortega CO, Ochoa-Alfaro AE, Reyes-Agüero JA, Aguado-Santacruz GA, Jiménez-Bremont JF (2008) Salt stress increases the expression of p5cs gene and induces proline accumulation in cactus pear. Plant Physiol Biochem 46:82–92
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sokal RR, Rohlf FJ (1981) Biometry. WH Freeman, New York

                    Google Scholar 
                

	Sugiyama S (2005) Relative contribution of meristem activities and specific leaf area to shoot relative growth rate in C3 grass species. Funct Ecol 19:925–931
Article 
    
                    Google Scholar 
                

	Sugiyama S, Nikara C (2004) Differential contribution of avoidance and tolerance to dehydration resistance in populations of perennial ryegrass, Lolium perenne L. Aust J Agric Res 55:33–37
Article 
    
                    Google Scholar 
                

	Taiz L, Zeiger E (2002) Plant physiology, 3rd edn. Sinauer Associates, Sunderland

                    Google Scholar 
                

	Tester M, Davenport R (2003) Na+ tolerance and Na+ transport in higher plants. Ann Bot 91:503–527
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Vinocur B, Altman A (2005) Recent advances in engineering plant tolerance to abiotic stress: achievements and limitations. Curr Opin Biotech 16:123–132
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Watson L, Dallwitz MJ (1992) The grass genera of the world. CAB International Publishers, Wallingford

                    Google Scholar 
                

	Witzel K, Weidner A, Surabhi GK, Börner A, Mock HP (2009) Salt stress-induced alterations in the root proteome of barley genotypes with contrasting response towards salinity. J Exp Bot 60:3545–3557
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Yang CW, Wang P, Li CY, Shi DC, Wang DL (2008) Comparison of effects of salt and alkali stresses on the growth and photosynthesis of wheat. Photosynthetica 46:107–114
Article 
    CAS 
    
                    Google Scholar 
                

	Zha HG, Jiang RF, Zhao FJ, Vooijs R, Schat H, Barker JHA, McGrath SP (2004) Co-segregation analysis of cadmium and zinc accumulation in Thlaspi caerilescens in interecotypic crosses. New Phytol 163:299–312
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
W.S. Soliman received financial support from the Egyptian government in the form of a postdoctoral scholarship.


Author information
Authors and Affiliations
	Horticulture Department, Faculty of Agriculture and Natural Resources, Aswan University, Aswân, 81528, Egypt
Wagdi Saber Soliman

	Laboratory of Plant Ecology, Faculty of Agriculture and Life Science, Hirosaki University, Hirosaki, Japan
Wagdi Saber Soliman & Shu-ichi Sugiyama

	Department of Botany, Faculty of Science, South Valley University, Qena, Egypt
Ahmed M. Abbas


Authors	Wagdi Saber SolimanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shu-ichi SugiyamaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ahmed M. AbbasView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Wagdi Saber Soliman.


Rights and permissions
Reprints and permissions


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



Cite this article
Soliman, W.S., Sugiyama, Si. & Abbas, A.M. Contribution of avoidance and tolerance strategies towards salinity stress resistance in eight C3 turfgrass species.
                    Hortic. Environ. Biotechnol. 59, 29–36 (2018). https://doi.org/10.1007/s13580-018-0004-4
Download citation
	Received: 03 January 2017

	Revised: 21 July 2017

	Accepted: 25 July 2017

	Published: 19 January 2018

	Issue Date: February 2018

	DOI: https://doi.org/10.1007/s13580-018-0004-4


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
	
                Festuca ovina
              
	NaCl
	
                Phleum pratense
              
	Proline
	Relative 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
						
						
					


		
	
	
		
			
				
					
					3.239.105.237
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    