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                    Abstract
Plant breeding programmes frequently face the dilemma whether to breed for wide or specific adaptation. This is especially true for forage crop breeding, whose genetic resources may largely include landraces that are adapted to specific growing conditions. This study aimed to (1) investigate the extent and pattern of genotype × location (GL) interaction for biomass yield of recent lucerne cultivars across organically-managed sites of Northern and Central Italy and its relationship with cultivar selection environments, (2) provide an empirical assessment of yield gains derived from specific-adaptation and wide-adaptation breeding strategies, and (3) identify top-performing cultivars for different geographic regions. Cultivar adaptive responses, modelled by additive main effects and multiplicative interaction analysis, displayed wide GL interaction of cross-over type across test sites that reflected remarkably the geographic area and/or the growing conditions (particularly for extent of summer drought) of their selection environment. GL interaction patterns suggested three putative subregions to breed for specific adaptation, namely, Northern Italy north of the Po river, Northern Italy south of the Po river, and Central Italy. Growing specifically-adapted cultivars provided an estimated average advantage of 12.9% across subregions relative to the best-performing widely-adapted cultivar. Yield gains of recent top-performing material over an historical, widely-adapted cultivar indicated that selection for specific adaptation would provide 3.2-fold greater yield gain averaged across subregions, and 3.4-fold greater yield gain over the target region when weighting yield gains on the putative proportion of the target region of each subregion, compared with selection for wide adaptation.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]

                                
                                
                                    
                                        GIS-FA: an approach to integrating thematic maps, factor-analytic, and envirotyping for cultivar targeting
                                        
                                    

                                    
                                        Article
                                        
                                         12 March 2024
                                    

                                

                                Maurício S. Araújo, Saulo F. S. Chaves, … Kaio O. G. Dias

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Understanding the Concept of Speed Breeding in Crop Improvement: Opportunities and Challenges Towards Global Food Security
                                        
                                    

                                    
                                        Article
                                        
                                         03 February 2024
                                    

                                

                                Zafar Imam, Rafat Sultana, … Jyoti Prakash Sahoo

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Origin of current intermediate wheatgrass germplasm being developed for Kernza grain production
                                        
                                    

                                    
                                        Article
                                         Open access
                                         30 March 2024
                                    

                                

                                Jared Crain, Peggy Wagoner, … Lee DeHaan

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Annicchiarico P (1992) Cultivar adaptation and recommendation from alfalfa trials in Northern Italy. J Genet Breed 46:269–278

                    Google Scholar 
                

	Annicchiarico P (2002) Defining adaptation strategies and yield stability targets in breeding programmes. In: Kang MS (ed) Quantitative genetics, genomics and plant breeding. CABI, Wallingford, pp 365–383

                    Google Scholar 
                

	Annicchiarico P (2007a) Wide-versus specific-adaptation strategy for lucerne breeding in northern Italy. Theor Appl Genet 114:647–657
Article 
    CAS 
    
                    Google Scholar 
                

	Annicchiarico P (2007b) Lucerne shoot and root traits associated with adaptation to favourable or drought-stress environments and to contrasting soil types. Field Crops Res 102:51–59
Article 
    
                    Google Scholar 
                

	Annicchiarico P (2009) Coping with and exploiting genotype × environment interactions. In: Ceccarelli S, Guimarães EP, Weltzien E (eds) Plant breeding and farmer participation. FAO, Rome, pp 519–564

                    Google Scholar 
                

	Annicchiarico P, Iannucci A (2008) Breeding strategy for faba bean in southern Europe based on cultivar responses across climatically contrasting environments. Crop Sci 48:983–991
Article 
    
                    Google Scholar 
                

	Annicchiarico P, Pecetti L (2010) Forage and seed yield response of lucerne cultivars to chemically weeded and non-weeded managements and implications for germplasm choice in organic farming. Eur J Agron 33:74–80
Article 
    
                    Google Scholar 
                

	Annicchiarico P, Piano E (2005) Use of artificial environments to reproduce and exploit genotype × location interaction for lucerne in northern Italy. Theor Appl Genet 110:219–227
Article 
    CAS 
    
                    Google Scholar 
                

	Annicchiarico P, Pecetti L, Abdelguerfi A, Bouizgaren A, Carroni AM, Hayek T, M’Hammadi Bouzina M, Mezni M (2011) Adaptation of landrace and variety germplasm and selection strategies for lucerne in the Mediterranean basin. Field Crops Res 120:283–291
Article 
    
                    Google Scholar 
                

	Annicchiarico P, Pecetti L, Torricelli R (2012) Impact of landrace germplasm, non-conventional habit and regional cultivar selection on forage and seed yield of organically-grown lucerne in Italy. J Agric Sci 150:345–355
Article 
    
                    Google Scholar 
                

	Annicchiarico P, Pecetti L, Tava A (2013) Physiological and morphological traits associated with adaptation of lucerne (Medicago sativa L.) to severely drought-stressed and to irrigated environments. Ann Appl Biol 162:27–40
Article 
    
                    Google Scholar 
                

	Annicchiarico P, Barrett B, Brummer EC, Julier B, Marshall AH (2015a) Achievements and challenges in improving temperate perennial forage legumes. Crit Rev Plant Sci 34:327–380
Article 
    CAS 
    
                    Google Scholar 
                

	Annicchiarico P, Nazzicari N, Li X, Wei Y, Pecetti L, Brummer EC (2015b) Accuracy of genomic selection for alfalfa biomass yield in different reference populations. BMC Genom 16:1020
Article 
    
                    Google Scholar 
                

	Avice JC, Lemaire G, Ourry A, Boucaud J (1997a) Effects of the previous shoot removal frequency on subsequent shoot regrowth in two Medicago sativa L. cultivars. Plant Soil 188:189–198
Article 
    CAS 
    
                    Google Scholar 
                

	Avice JC, Ourry A, Lemaire G, Volenec JJ, Boucaud J (1997b) Root protein and vegetative storage protein are key organic nutrients for alfalfa shoot regrowth. Crop Sci 37:1187–1193
Article 
    CAS 
    
                    Google Scholar 
                

	Basford KE, Cooper M (1998) Genotype × environment interactions and some considerations of their implications for wheat breeding in Australia. Aust J Agric Res 49:153–174
Article 
    
                    Google Scholar 
                

	Ceccarelli S (1989) Wide adaptation: how wide? Euphytica 40:197

                    Google Scholar 
                

	Ceccarelli S (1996) Positive interpretation of genotype by environment interaction in relation to sustainability and biodiversity. In: Cooper M, Hammer GL (eds) Plant adaptation and crop improvement. CAB International, Wallingford, pp 467–486

                    Google Scholar 
                

	Finlay KW, Wilkinson GN (1963) The analysis of adaptation in a plant-breeding programme. Aust J Agric Res 14:742–754
Article 
    
                    Google Scholar 
                

	Gauch HG (1992) Statistical analysis of regional yield trials: AMMI analysis of factorial designs. Elsevier, Amsterdam

                    Google Scholar 
                

	Gauch HG, Piepho H-P, Annicchiarico P (2008) Statistical analysis of yield trials by AMMI and GGE: further considerations. Crop Sci 48:866–889
Article 
    
                    Google Scholar 
                

	Hakl J, Mofidian SMA, Kozová Z, Fuksa P, Jaromír Š (2019) Estimation of lucerne yield stability for enabling effective cultivar selection under rainfed conditions. Grass Forage Sci 74:687–695
Article 
    
                    Google Scholar 
                

	IRRI (2009) Cropstat Version 7.2. International Rice Research Institute, Manila, The Philippines

	Lamb JFS, Sheaffer CC, Rhodes LH, Sulc RM, Undersander DJ, Brummer EC (2006) Five decades of alfalfa cultivar improvement: impact on forage yield, persistence, and nutritive value. Crop Sci 46:902–909
Article 
    
                    Google Scholar 
                

	Li X, Wei Y, Acharya A, Hansen JL, Crawford JL, Viands DR, Michaud R, Claessens A, Brummer EC (2015) Genomic prediction of biomass yield in two selection cycles of a tetraploid alfalfa breeding population. Plant Genome 8:2
Article 
    
                    Google Scholar 
                

	Melton B, Moutray JB, Bouton JH (1988) Geographic adaptation and cultivar selection. In: Hanson AA, Barnes DK, Hill RR (eds) Alfalfa and alfalfa improvement ASA, CSSA and SSSA. Univ of Wisconsin Press, Madison, pp 595–620

                    Google Scholar 
                

	Pembleton KG, Smith RS, Rawnsley RP, Donaghy DJ, Humphries AW (2010) Genotype by environment interactions of lucerne (Medicago sativa L.) in a cool temperate climate. Crop Pasture Sci 61:493–502
Article 
    
                    Google Scholar 
                

	Perkins JM, Jinks JL (1968) Environmental and genotype-environmental components of variability. III. Multiple lines and crosses. Heredity 23:339–356
Article 
    CAS 
    
                    Google Scholar 
                

	Piepho H-P (1995) Robustness of statistical tests for multiplicative terms in the additive main effects and multiplicative interaction model for cultivar trials. Theor Appl Genet 90:438–443
Article 
    CAS 
    
                    Google Scholar 
                

	SAS Institute (2011) SAS/STAT® 9.3 User's guide. SAS Institute Inc., Cary, NC, USA

	Turesson G (1922) The genotypical response of the plant species to the habitat. Hereditas 3:211–350
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements
This work was carried out within the ‘Piano nazionale sementiero biologico’ [‘National organic seed plan’] funded by the Italian Ministry of Agricultural and Forestry Policies of Italy


Author information
Authors and Affiliations
	Research Centre for Animal Production and Aquaculture, Council of Agricultural Research and Economics (CREA), Lodi, Italy
P. Annicchiarico & L. Pecetti

	Terre Regionali Toscane, Grosseto, Italy
P. Bottazzi

	Centro Ricerche Produzioni Animali (CRPA S.p.A.), Reggio Emilia, Italy
F. Ruozzi

	Department of Agricultural, Food and Environmental Sciences, University of Perugia, Perugia, Italy
L. Russi


Authors	P. AnnicchiaricoView author publications
You can also search for this author in
                        PubMed Google Scholar



	P. BottazziView author publications
You can also search for this author in
                        PubMed Google Scholar



	F. RuozziView author publications
You can also search for this author in
                        PubMed Google Scholar



	L. RussiView author publications
You can also search for this author in
                        PubMed Google Scholar



	L. PecettiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                P. Annicchiarico.


Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Rights and permissions
Reprints and permissions


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



Cite this article
Annicchiarico, P., Bottazzi, P., Ruozzi, F. et al. Lucerne cultivar adaptation to Italian geographic areas is affected crucially by the selection environment and encourages the breeding for specific adaptation.
                    Euphytica 216, 50 (2020). https://doi.org/10.1007/s10681-020-02590-1
Download citation
	Received: 18 December 2019

	Accepted: 24 February 2020

	Published: 03 March 2020

	DOI: https://doi.org/10.1007/s10681-020-02590-1


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
	
                Medicago sativa
              
	Drought tolerance
	Genetic gain
	Genotype × environment interaction
	Organic farming
	Selection environment








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					34.207.100.160
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    