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





          
        


Phytophthora infestans          
           

         




P. infestans
          
  


            


 
 
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






 P. infestans        








        
        

P. infestans


      P. infestans   

         

          

            

          


   


    





 


            


          


 


 

           


          



P. infestans     






        
           



          

  



          
Reynoutria sachalinensis 




 

Rheum rha-
barbarum         P. infestans 
P. 
infestans



P. in-
festans

         
           
          
            


         
P. infestans
          





  



       
        


         
Salvia officinalisPotentilla erecta  
 P. infestans Plasmopara viticola 

          
Salvia officinalis 
Potentilla erectaPhytophthora infestans
 



 

Potentilla erectaSalvia officina-
lis            
        Potentilla erecta
    in vitro      
  
Reynoutria sachalinensis
gegen P. infestans

         
   
P. infestans

           

 


        

Ascophyllum nodosum
Laminaria hyperboreaL. digita-
ta Ascophyllum nodosum

        
         
 
     

        
          
P. infestans
          
    Ascophyllum nodosum    
        



        
          



 

P. infestans
 


              
           
         
                
Pseudomonas fluorescens 

       




            
 






          


    


       
          
         



          


    P. infestans 



 

              

        




         
           
     

  
      





 

 

             





  P. infestans  


Phytophthora infestans   




        


 
        





 

2. Material und Methoden 

 

 



Frembgens Rheinlands Ruhm
Frembgens Rheinlands Ruhm 
Phytophthora infestans



       Linda  Nicola 
Nicola,Granola, Hansa Simone




Tab. 1: Eigenschaften der in den Versuchen verwendeten Kartoffelsorten laut be-
schreibender Sortenliste 

Sorteneigenschaften Kartoffelsorte 





  

Granola    

Hansa    

Nicola    

Simone 















 

 

       Phytophthora infes-
tans
 
         
P. infestans


Tab. 2: Eigenschaften der in den Gewächshausversuchen verwandten Isolate von Phy-
tophthora infestans nach KLINKENBERG (2002). 

Isolatnummer Wuchsstärke auf 
Nährmedium Vitalität Aggressivität 

   

   

   

   

   

   

 
 
 



 



           
     P. infestans    
       Pseudo-
monas fluorescens)  .      
          
Phytophthora infestans 




 

• Salbei- und Tormentillextrakte 
  Salvia officinalis Tormentillwurzelstock (Potentilla 
erecta



           
             
        

           

 
          
 


 

 

 

 

 

 


• Kaliseife          
 

• Dimin Z,      
 

• Zitrusextrakt, 

 

• Braunalgenextrakt     

   
nicht



 

• Braunalgenextrakt mit Kupferzusatz, 


nicht

• Kompostextrakt mit Mikroorganismen angereichert   



 Trichoderma harzianum


 Mortierella alpina       


 Penicillium miniolaetium       


 Bacillus subtilis       


 Pseudomonas fluorescens  


 Candida guilliermondii var. Guilliermondii



 
       

        
            






• Immunocytovit      


• RisoplanPseudomonas fluorescens
   
  




 

• Questuran



• Vitolavin     Actinomyces lavendulae   





Haft- und Netzmittel 














 

Phytophthora infestans



 
 
 
 

 








 



 






 
 






 
 




 
 
 
 
 






 
 
 
 
 







 


           

          
Hansa 



Nicola

Standort Wiesengut / Hennef 


>



 








Tab. 3: Niederschläge und Temperatur während der Vegetationsperioden 1999 bis 
2001 am Standort Hennef. 

 Monat April Mai Juni Juli Aug. Sept. Summe 

       
1999 

       

       
2000 

       

       
2001 

       



          
        
         

           










 








 

 
 












 
 















 
 















 



 



 
 







     

 
 
 
 




 
 










      

 
 
 



 



 

 
 









 
 
 
 




Standort Niederkrüchten (Niederrhein) 

           
   


           













 

Tab. 4: Niederschläge und Temperatur während der Vegetationsperioden 1999 bis 
2001 am Standort Niederkrüchten. 

 Monat Apr Mai Jun Jul Aug Sep Summe 

       
1999 

       

       
2000 

       

       
2001 

       








 




 










 




 






 



 
 
 




 
 
 
 
 
 


 
 
 
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Abb. 1: Pflanzenschutzspritze zum Einsatz in Versuchen mit gleichzeitiger Oberblatt- 
(O) und Unterblattspritzung (U) und Kartoffelkrautteilern (T) (Einsatzort 
Wiesengut / Hennef). 
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

           


  

          

  

 


         

         




 


• 
• 
• 

          

α




 

3. Ergebnisse 

 Phytophthora infestans 

Phytophthora infestans
     

           



 

            

            
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Abb. 2: Sporangien von Phytophthora infestans: (a) mit und ohne Zoosporenfreiset-
zung: S = Sporangium, Sh = Sporangienhülle, Z = Zoospore, C = encystierte 
Zoospore und K = Keimschlauch; (b) direkt ausgekeimtes Sporangium von 
Phytophthora infestans. 
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Abb. 3: Krautfäulebefall durch Phytophthora infestans an Kartoffeln: (a) Nekrosen auf 
der Oberseite eines Blattes; (b) Sporulation auf der Blattunterseite im fahl-
grünen Bereich der Blattnekrose; (c) braun-schwarze Nekrosen nach Stängel-
befall. 
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Abb. 4: Myzel von Phytophthora infestans in einem unbehandelten Kartoffelblatt: (a) 
geradlinig ausgebildete Hyphen im Schwammparenchym; (b) Haustorien des 
Erregers (H) in einer Blattzelle. 
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Abb. 5: Kreisrunde Befallsherde in Kartoffeln im Freiland als Folge einer Krautfäule-
epidemie nach unterlassenen Bekämpfungsmaßnahmen. 
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Abb. 6: Symptome des Krautfäulebefalls durch Phytophthora infestans auf der Ober-
seite eines Tomatenblattes. 
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Abb. 7: Krautfäulebefall durch Phytophthora infestans an Tomaten: (a) Nekrosen an 
den reifen Früchten; (b) starker Befall im unteren Pflanzendrittel in einer 
Versuchsanlage. 
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Abb. 8: Wirksamkeit verschiedener Agenzien auf den Befall mit P. infestans an Kar-
toffelpflanzen im Gewächshaus (2000), 
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Abb. 9: Krautbefall an Kartoffeln im Gewächshaus, in der unbehandelten Kontrolle 
(links) und nach 2 %iger Salbeiextraktbehandlung (rechts). 
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Abb. 10: Wirksamkeit verschiedener Agenzien auf den Befall mit P. infestans an Kar-
toffel- und Tomatenpflanzen im Gewächshaus
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Abb. 11: Krautfäulebefall an Tomaten nach Behandlung mit Salbei- bzw. Braunalgen-
extrakten und anschließender Inokulation mit verschiedenen Isolaten von Phy-
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Abb. 12: Einfluss verschiedener Präparate auf den Befallsverlauf mit Phytophthora in-

festans an Kartoffeln, 
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Abb. 13: Einfluss verschiedener Präparate und der Sorte auf den Rohertrag von Kar-
toffeln, Sortenversuch Wiesengut 1999, Säulen mit unterschiedlichen Buchsta-
ben unterscheiden sich signifikant, 
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Abb. 14: Überblick über den Sortenversuch 1999 in Hennef. 
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Tab. 5: Einfluss verschiedener Präparate auf den Blattbefall mit Phytophthora infes-
tans und den Rohertrag von Kartoffeln,  Granola


Präparate % befallene Blattfläche Rohertrag 

 10.7. 22.7. 29.7. 3.8. 11.8. dt * ha-1 

Salbei 2% 0 5 8 11 19 290,5 

Salbei+Tormentill 2% 0 5 12 14 23 279,4 

Tormentill 2% 0 6 11 13 20 284,0 

Kaliseife 0 5 13 14 24 259,1 

Kupferhydroxid 0 4 8 11 16 266,3 

Kontrolle 0 5 10 13 26 269,5 
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Abb. 15: Einfluss verschiedener Präparate und der Applikationstechnik auf die Befalls-
entwicklung mit Phytophthora infestans an Kartoffeln, Granola
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
¹ ¹ 




Tab. 6: Einfluss verschiedener Präparate und der Applikationstechnik auf den Roher-
trag von Kartoffeln,  Granola,    


Präparate Salbei (2%) Kupferhydroxid unbehandelt

Applikation oben oben + unten oben oben + unten  

Rohertrag (dt * ha –1) 229,3 230,9 255,8 264,6 226,2 






           
 
P. infestans 
 
            




Tab. 7: Einfluss verschiedener Präparate auf den Blattbefall mit Phytophthora infes-
tans, den Rohertrag und den Trockenmassegehalt der Knollen von Kartoffeln, 


Präparate % befallene Blattfläche Rohertrag TM-Knollen 

 2.7. 14.7. dt * ha-1 % 

Salbei 2% 3 91 222 17,9 

Salbei+Tormentill 2% 3 89 213 18,0 

Kaliseife 3 93 215 17,6 

Kupferhydroxid 3 69 231 18,4 

Unbehandelt 3 88 211 17,6 



 

 
 



Phytophthora infestans 


        
Phytophthora infestans 
            

 

0

20

40

60

80

100

05.07. 12.07. 19.07. 25.07. 01.08.
Boniturtermin

be
fa

lle
ne

 B
la

ttf
lä

ch
e 

(%
) unbeh.

Kupfer
Salbei +Tormentill
Salbei 2%
Zitrus früh
Zitrus spät



Abb. 16: Einfluss verschiedener Präparate auf die Befallsentwicklung mit P. infestans 
an Kartoffeln, 



HansaP. in-
festans Simone
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Abb. 17: Einfluss der Sorte auf die Befallsentwicklung mit P. infestans an Kartoffeln, 



          

 -1Simone
-1 Hansa



Tab. 8: Einfluss von Behandlung und Sorte auf den Kartoffelrohertrag,

 

 Präparate Sorte 

 Salbei Ze f Ze s ST Kupfer unbeh. Simone Hansa 

Rohertrag (dt * ha –1) 353 342 343 356 382 338 360 344 
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Tab. 9: Einfluss verschiedener Präparate auf den Blattbefall mit P. infestans, den Roh-
ertrag und den Trockenmassegehalt der Knollen von Kartoffeln, Nicola


Präparate % befallene Blattfläche Rohertrag TM- Knollen 

 14.7. 18.7. 25.7. 31.7. dt * ha-1 % 

Salbei 2% 4 6 69 84 267,1 20,7 

Salbei 3% 2,5 7 69 81 261,6 20,4 

Salbei+Tormentill 2% 2,5 6 56 84 274,6 20,1 

Tormentill 2% 4,3 8 68 90 304,1 20,4 

Dimin Z 3,5 6 66 85 280,2 20,5 

Kupferhydroxid 3,8 7 64 83 270,2 21,3 

Kontrolle 2,5 4 19 25 274,7 20,4 
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Tab. 10: Einfluss verschiedener Präparate auf den Blattbefall mit Phytophthora infes-
tans, den Rohertrag und den Trockenmassegehalt der Knollen, Mittelversuch 
Niederkrüchten 2000 

 

Präparate 
% befallene Blattfläche Rohertrag TM- Knollen 

 5.7. 14.7. 20.7. dt * ha-1 % 

Salbei 2% 6a 58a 92a 348,2 19,0 

Salbei+Tormentill 2% 4ab 54a 91a 355,0 19,0 

Zitrusextrakt 5ab 55a 91a 353,6 19,1 

Kupferhydroxid 2b 7b 21b 395,3 19,7 

Kontrolle 5ab 65a 95a 347,1 19,1 



 
 



         
         

 



  



 



 

 


0

20

40

60

80

100

18.07. 25.07. 01.08. 08.08. 15.08. 22.08. 29.08.
Boniturtermin

B
la

ttb
ef

al
l i

n 
%

Kupfer Braunalgen Ba + Cu Risoplan
Vitolavin Salbei MK 1/10 unbeh.


Abb. 18: Einfluss verschiedener Präparate auf den Befallsverlauf mit Phytophthora in-

festans an Kartoffeln, 








 

           






 

250

300

350

400

450

B
a

B
a 

+ 
C

u

un
be

h.

K
up

fe
r

Vi
to

la
vi

n

M
K

 1
/1

0

R
is

op
la

n

Sa
lb

ei

Behandlung

Er
tr

ag
 (d

t/h
a)

a
ab

b b bbb

ab

 

Abb. 19: Einfluss verschiedener Präparate auf den Rohertrag von Kartoffeln, 
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Abb. 20: Einfluss verschiedener Präparate auf den Befallsverlauf mit Phytophthora in-
festans an Kartoffeln, 
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            
          





  
             











Tab. 11: Einfluss verschiedener Präparate auf den Rohertrag von Kartoffeln, Sorte 
Nicola, 



Variante Braunalge Ba +Cu Risoplan Kupfer Kontrolle 

Rohertrag (dt*ha-1) 440a 386bc 372c 422ab 386bc 
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

         Phytophthora infestans  

       

P. infestans



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Abb. 21: Blattbefall verschiedener Tomatensorten mit P. infestans nach Applikation 
von Braunalgenextrakten,  
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4. Diskussion 

Pflanzenschutz im Ökologischen Landbau  

   

          
           
          


 


          
             
           
Phytophthora infestans
P. infestans


P. infestans 
           
         


           

        





          
            
 




 

Verwendung und Probleme nichtkupferhaltiger Mittel zur Kontrolle von P. infestans




 

 Pseudomonas fluorescens

 



Kaliseife 



          
            



    

 
Mikroorganismen

   

 

         

        
  

P. infestans

           





 

         
        


          


           
          




 


         







            
          
           
         
        

        Penicillium, 
          




 




 


        

  


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         
 



         
         

          





Salvia officinalisPotentilla e-
recta Phytophthora infestans Plasmopara viticola 

        
Phytophthora infestans 

Salvia officinalisPotentilla erecta






           

 



 


  




           



    




   



          
           











in vitro
 


          



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           

P. infes-
tans          
         


  




           

     
              
 P. infestans


       P. infestans  

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         
         
P. infestans

         


            

  



         

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
           
        
     
         
        






Ascophyllum nodosum 

          


           
        




          

            
   
        

          

 

         
Heracleum sphondylium

         



          
         



 

 

in-vitro






        
            
Ascophyllum nodosum

 Laminaria hyperborea, L. digitata, Ascophyllum nodosum    



           As-
cophyllum nodosum
         





Resistenzinduktoren 


    Phytophthora infestans     
          
         P. in-
festans
           

         
  


P. infestans



 

Kupferhydroxid 


  


        

         



          











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P. infestans
         
         




        



          



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 



         

 
             









Prognosemodelle 

P. infestans


          
         
        
           
        
          
         
   


            


           





 

         



Indirekte Maßnahmen: 
 
Einflussfaktoren auf den Befall mit P. infestans 



 
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Granola, Simone


     Simone       
  
         





Vorkeimung 

          
         
  

          




 


   
           



 

  





   
       



P. infestans


            
           


Exposition und Reihenabstand 

          



          
  

           
   P. infestans
        
         

        



 
        
          P. 



 

infestans



Erstinfektionsquellen 



           


           
          
 

  
            

         

           
Phytophthora infestans

          


Krautschlagen 

P. infestans


         

           

        
 
         




 
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
 





 

         

              
             

 



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5. Zusammenfassung 


 Phytophthora infestans 

         
P. infestans
        
       
P. infestans



 
         
P. infestans

 



 P. in-
festans

  


           
P. infestans



         


 
        










 

          

           


            
      P. infestans 



        
  


 





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6. Schlußfolgerungen für die Umsetzung der Ergebnisse in die Praxis 


 Phytophthora infestans 


         






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           
Reynoutria sachalinensis 
       
40

  Reynoutria sa-
chalinensis 





            Phy-
tophthora infestans38





         





 Phytophthora infestans 
     
60

          
Solanum tuberosum


   
50



 





          
Phytophthora infestans
245


  Phytophthora infestans    
Plasmopara viticolaPseudopeziza tracheiphilaUncinula necator



63

       
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           
 Reynoutria sachalinensis  
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

57

            
35

3/98

    




50


47






        Phytophthora in-
festans
Solanum tuberosum
 

             



           



       
          


        




 


53

     
         


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


        
88





 

8. Anhang 



9. Konsequenzen für evt. weitere Forschungsaktivitäten 


Phytophthora infestans

 
Phytophthora infestans        



          




10. Mitteilung über evt. schützenswerte Nutzungsrechte 



11. Liste über Veröffentlichungen 
 






         





119




12. Liste über Vorträge 
 
   





 







13. Liste über Pressemitteilungen 



14. Liste über Posterpräsentationen, Vorführungen und Demonstrationen 



Phytophtho-
ra infestans







        




 

15. Kurzfassung 
 


Phytophthora infestans

Pseudomonas fluorescens) 
.           


P. infestans




P. infestans

          

         
 
   
         
        

          
 
 

          

  
in-
vitro
        
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