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                    Abstract
Black leaf mold (BLM), caused by Pseudocercospora fuligena is a serious threat to tomato production in the humid tropics. Accurate information about the incubation (IP) and latent period (LP) under various host susceptibility and weather favourability circumstances will help to formulate holistic approaches to manage this disease. In this study, effects of temperature, wetness duration, and leaf age on the monocyclic components (IP and LP) of BLM were studied from growth chamber (GC) and greenhouse (GH) experiments as well as detached leaf assays in growth cabins. Linear interpolation and inflection point (of logistic regression model) methods were used to determine IP and LP. These two methods were highly correlated in GC (r
                2 = 0.89; P < 0.0001) and GH experiments (r
                2 = 0.90; P < 0.0001) except when the epidemics were not asymptotic. Thus, IP and LP were estimated according to inflection point method. There was a delay of at least 5 days of IP and LP when plants were left in non-humid open environment than when exposed to wetness durations of 1, 2 or 3 days after inoculation. In general, IP and LP became shorter as the temperature increased from 20–24 and then to 28 °C. In growth chambers, there was more disease and consequently shorter IP and LP on young and unfolded tomato leaves that were 1-, 3-, or 5-week old at the time of inoculation than 7-week old leaves. In the greenhouse, there was about 50 % more disease incidence and sporulation on 1-week than 3-week old leaves. The shortest IP (8–11 days) and LP (12–13 days) were recorded from two out of three GH experiments on 1-week old leaves at an ambient mean temperature of 28.5 °C. This study implicated that fresh market tomatoes planted during warm temperatures in 50-mesh greenhouses and exposed to extended periods of wetness are highly prone to BLM infection at their young stages of growth.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]

                                
                                
                                    
                                        Effect of temperature, leaf wetness and the developmental stage of host tissue on infection of Acacia mearnsii by Uromycladium acaciae (Pucciniales)
                                        
                                    

                                    
                                        Article
                                        
                                         11 July 2017
                                    

                                

                                S. Fraser, A. R. McTaggart, … J. Roux

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Effects of temperature and leaf wetness duration on pathogens causing preharvest fruit rots on tomato
                                        
                                    

                                    
                                        Article
                                         Open access
                                         26 July 2023
                                    

                                

                                Thomas Thomidis, Ioanna Prodromou, … Petros Damos

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Factors affecting primary infection and spatiotemporal patterns of tomato plants naturally infected with black leaf mold in commercial greenhouses
                                        
                                    

                                    
                                        Article
                                        
                                         04 January 2019
                                    

                                

                                Namiko Kirino & Akira Kawaguchi

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Berger, R. D. (1969). Forecasting Cercospora blight of celery in Florida. Phytopathology, 59, 1018.

                    Google Scholar 
                

	Blazquez, C. H. (1991). Cercospora leaf mold. In J. B. Jones, J. P. Jones, R. E. Stall, & T. A. Zitter (Eds.), Compendium of Tomato Diseases (pp. 11–12). St. Paul: APS Press.

                    Google Scholar 
                

	Blazquez, C. H., & Alfieri, S. A., Jr. (1974). Cercospora leaf mold of tomato. Phytopathology, 64, 443–445.
Article 
    
                    Google Scholar 
                

	Byrne, J. M., Hausbeck, M. K., Meloche, C., & Jarosz, A. M. (1998). Influence of dew period and temperature on foliar infection of greenhouse grown tomato by Colletotrichum coccodes. Plant Disease, 82, 639–641.
Article 
    
                    Google Scholar 
                

	Chupp, C. (1954). A monograph of the Fungus Genus Cercospora. New York: Charles Chupp.

                    Google Scholar 
                

	Chupp, C., & Sherf, A. F. (1960). Vegetable diseases and their control. New York: The Ronald Press Company.

                    Google Scholar 
                

	de Wolf, D. E., & Israd, A. S. (2007). Disease cycle approach to plant disease prediction. Annual Review of Phytopathology, 45, 203–220.
Article 
    PubMed 
    
                    Google Scholar 
                

	Deighton, F. C. (1976). Studies on Cercospora and allied genera. VI. Pseudocercospora Speg., Pantospora Cif. and Cercoseptoria Petr. Mycological Papers (CMI), 140, 1–168.

                    Google Scholar 
                

	Duthie, J. A. (1997). Models of the response of foliar parasites to the combined effects of temperature and duration of wetness. Phytopathology, 87, 1088–1095.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Gäumann, E. (1950). Pflanzliche Infektionslehre (2nd ed.). Basel: Birkhäuser.

                    Google Scholar 
                

	Hartman, G. L., & Wang, T. C. (1992). Black leaf mold development and its effect on tomato yield. Plant Disease, 76, 462–465.
Article 
    
                    Google Scholar 
                

	Hartman, G. L., Chen, S. C., & Wang, T. C. (1991). Cultural studies and pathogenecity of Pseudocercospora fuligena, the causal agent of black leaf mold of tomato. Plant Disease, 75, 1060–1063.
Article 
    
                    Google Scholar 
                

	Hau, B., Eisensmith, S., & Kranz, J. (1985). Construction of temporal models. II. Simulation of aerial epidemics. In C. A. Gilligan (Ed.), Advances in plant pathology (Mathematical modeling of crop disease, Vol. 3, pp. 31–65). London: Academic.

                    Google Scholar 
                

	Hsieh, W. H., & Goh, T. K. (1990). Cercospora and similar Fungi from Taiwan. Taipei: Maw Chang Book Company.

                    Google Scholar 
                

	International, C. A. B. (1982). Distribution map of Pseudocercospora fuligena. Oxforshire: CAB International. Distribution map of diseases No. 382.

                    Google Scholar 
                

	Kranz, J. (2003). Comparative epidemiology of plant diseases. Berlin, Heidelberg: Springer.
Book 
    
                    Google Scholar 
                

	Mersha, Z. (2008). Epidemiological investigations of black leaf mold (Pseudocercospora fuligena) on tomato grown under protected cultivation. Dissertation, Leibniz Universität Hannover.

	Mersha, Z., & Hau, B. (2011). Reciprocal effects of host and disease dynamics in the bean rust pathosystem. Journal of Plant Diseases and Protection, 118, 54–62.

                    Google Scholar 
                

	Mersha, Z., Zhang, S., & Hau, B. (2013). Seasonal dynamics of black leaf mold (Pseudocercospora fuligena) on greenhouse grown fresh market tomatoes. Journal of Phytopathology. doi:10.1111/jph.12165.

	Paul, P. A. (2005). Influence of temperature and relative humidity on sporulation of Cercospora zeae-maydis and expansion of gray leaf spot lesions on maize leaves. Plant Disease, 89, 624–630.
Article 
    
                    Google Scholar 
                

	Roldan, E. F. (1938). New or noteworthy lower fungi of the Philippines Islands, II. Philippines Journal of Science, 66, 7–17.

                    Google Scholar 
                

	Rossi, V., & Battilani, P. (1991). CERCOPRI: a forecasting model for primary infections of Cercospora leaf spot of sugar beet. Bulletin OEPP/EPPO Bulletin, 21, 527–531.
Article 
    
                    Google Scholar 
                

	Roumen, E. C., & de Boef, W. S. (1993). Latent period to leaf blast in rice and its importance as a component of partial resistance. Euphytica, 69, 185–190.
Article 
    
                    Google Scholar 
                

	Visker, M. H. P. W., Keizer, L. C. P., Budding, D. J., Van Loon, L. C., Colon, L. T., & Struik, P. C. (2003). Leaf position prevails over plant age and leaf age in reflecting resistance to late blight in potato. Phytopathology, 93, 666–674.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wang, T. C., Hartman, G. L., Hsieh, W. H., & Black, L. L. (1995). Reactions of solanaceous species to Pseudocercospora fuligena, the causal agent of tomato black leaf mold. Plant Disease, 79, 661–665.
Article 
    
                    Google Scholar 
                

	Wang, T. C., Black, L. L., & Hsieh, W. H. (1996). Seasonal variation in severity of tomato black leaf mold in Taiwan, host infection and conidial survival of Pseudocercospora fuligena. Plant Pathology Bulletin, 5, 154–162.

                    Google Scholar 
                

	Xu, X.-M. (1999). Effects of temperature on the length of the incubation period of rose powdery mildew (Sphaerotheca pannosa var. rosae). European Journal of Plant Pathology, 105, 13–21.
Article 
    
                    Google Scholar 
                

	Yamada, S. (1951). New disease of tomato (Lycopersicon esculentum Mill.) caused by Cercospora sp. Annals of Phytopathological Society of Japan, 15, 13–18.
Article 
    
                    Google Scholar 
                


Download references




Acknowledgments
This research was funded by the German Research Foundation (Deutsche Forschungsgeselschaft) within the framework of “Forschergruppe FOR 431”. Authors would like to thank Natalie Roeder, Sopana Yule and Songthum Deeaum for their technical support.


Author information
Authors and Affiliations
	College of Agricultural and Natural Sciences, Cooperative Research and Extension, Lincoln University in Missouri, Jefferson City, MO, 65101, USA
Zelalem Mersha

	Tropical Research and Education Centre, University of Florida, Homestead, FL, 33031, USA
Shouan Zhang

	Institute of Plant Diseases and Plant Protection, Leibniz Universität Hannover, Herrenhäuser Str. 2, 30419, Hannover, Germany
Bernhard Hau


Authors	Zelalem MershaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shouan ZhangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Bernhard HauView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Zelalem Mersha.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Mersha, Z., Zhang, S. & Hau, B. Effects of temperature, wetness duration and leaf age on incubation and latent periods of black leaf mold (Pseudocercospora fuligena) on fresh market tomatoes.
                    Eur J Plant Pathol 138, 39–49 (2014). https://doi.org/10.1007/s10658-013-0295-3
Download citation
	Accepted: 12 September 2013

	Published: 07 November 2013

	Issue Date: January 2014

	DOI: https://doi.org/10.1007/s10658-013-0295-3


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
	Monocyclic components
	Linear interpolation
	Inflection point of logistic regression
	Greenhouse
	Growth chamber
	Detached leaf assay








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					18.207.127.179
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    