


Active ingredient (%) Commercial product Company 
Application rate 

(g or ml/ha) 
Number of 

applications 
Year trial 

Bordeaux mixture (20) Poltiglia Disperss 
Cerexagri Italia 

S.r.l. (IT) 
5000 11 2012; 2013 

Copper hydroxide (19.2) Funguran Certis Europe (IT) 2800 
11 
  

2012; 2013 

Laminarin Frontiere BioAtlantis (IRL) 1000 11 2012; 2013 
Laminarin + 
microbial extract of Saccharomyces 
spp. (10), carbossilamine (10) 

Frontiere + 
Oomisine 

BioAtlantis (IRL); 
Kalosgate (IT) 

1000 + 
2000 

11 2012; 2013 

Laminarin + 
copper hydroxide/copper oxide (33) 

Frontiere + 
Coptrel 

BioAtlantis (IRL); 
Kalosgate (IT) 

1000 + 
500 

11 2012; 2013 

Laminarin + 
copper hydroxide/copper oxide (33); 
Laminarin + 
microbial extract of Saccharomyces 
spp. (10), carbossilamine (10); 
 Laminarin + 
copper hydroxide/copper oxide (33) 

Frontiere + 
Coptrel;  

 
Frontiere + 
Oomisine; 

  
Frontiere + 

Coptrel 

BioAtlantis (IRL); 
Kalosgate (IT) 

1000 + 
500 
   

1000 + 
500 

  
1000 + 

500 

  
1 
  
  
7 
  
   
3 

2012; 2013 

Laminarin + 
microorganisms (Glomus spp., 
Bacillus subtilis, Streptomyces spp., 
Trichoderma spp., Pichia pastoris) 

Frontiere + 
Micosat TAB fogliare 

Kalosgate (I); CCS 
Aosta S.r.l. (IT) 

1000 + 
2000 

11 2012; 2013 

Bentonite, lithothamne, potassic 
stone meal 

Bentotamnio Cerrus (IT) 14167 11 2012 

Vermicompost extract (3.5) Humixa polivalente Farmtech (SI) 6000 11 2013 
Chitosan (99.9) Chito Plant ChiPro GmbH (D) 5000 11 2012; 2013 
Chitosan (99.9) Chito Plant ChiPro GmbH (D) 8000 11 2012; 2013 
Control Untreated - - -   

Formulations, application rates and number of treatments 



Results – September 24, 2012 
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Values followed by different letter(s) in the same column are significantly different according to Tukey’s HSD (P<0.05). 

Lam = laminarin, O = copper hydroxide/copper oxide, E = microbial extract of Saccharomyces spp., M = microorganisms (Glomus spp., 
Bacillus subtilis, Streptomyces spp., Trichoderma spp., Pichia pastoris) 

Romanazzi et al., 2016 Plant Disease 
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Results – July 23, 2012 

Values followed by different letter(s) in the same column are significantly different according to Tukey’s HSD (P<0.05). 

Lam = laminarin, O = copper hydroxide/copper oxide, E = microbial extract of Saccharomyces spp., M = microorganisms (Glomus 
spp., Bacillus subtilis, Streptomyces spp., Trichoderma spp., Pichia pastoris) 

Romanazzi et al., 2016 Plant Disease 



Results - July 31, 2013 
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Values followed by different letter(s) in the same column are significantly different according to Tukey’s HSD (P<0.05). 

Lam = laminarin, O = copper hydroxide/copper oxide, E = microbial extract of Saccharomyces spp., M = microorganisms (Glomus 
spp., Bacillus subtilis, Streptomyces spp., Trichoderma spp., Pichia pastoris) 

Romanazzi et al., 2016 Plant Disease 



Results – July 11, 2013 
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Values followed by different letter(s) in the same column are significantly different according to Tukey’s HSD (P<0.05). 

Lam = laminarin, O = copper hydroxide/copper oxide, E = microbial extract of Saccharomyces spp., M = microorganisms (Glomus 
spp., Bacillus subtilis, Streptomyces spp., Trichoderma spp., Pichia pastoris) 

Romanazzi et al., 2016 Plant Disease 



Late downy mildew symptoms on plots treated with different 
compounds on September 24, 2012 

laminarin  0.5% chitosan 





ELICITOR TARGET PATHOGEN 
Chromista Fungi Bacteria Viruses Phytoplasma 

Acibenzolar-S-Methyl or 
Benzothiadiazole (BTH) 

X X X X X 

β-aminobutirric  acid 
(BABA) 

X X   X   

Cerevisane X X       
Chitosan X X X X X 
Glutathion + oligosaccharines X       X 
Isonicotinic acid (INA) X X X     
Jasmonic acid (JA, MeJA)   X       
Laminarin X X       
Phosetyl-Al X X X   X 
Potassium phosphyte X X       
Prohexadione-Ca     X   X 
Protein hydrolysates X X       
Salicylic acid (SA)   X   X X 
Yeast extracts  X X       
REGISTERED FOR USE AS PPP  Registered and not registered products on the market  



Conclusions 

Induced resistance is adviceable also for organic 
agriculture, where disease prevention is the rule and 
use of direct means to control pathogens and pests is 

allowed only in particular conditions 

The elicitation of host resistance is in agreement with 
current trends in plant protection (see Directive 
2009/128/EC on sustainable use of pesticides) 

because of reduced chemical inputs in agriculture 
and lower risk of residues on commodities 



Conclusions 

Resistance inducers are usually safer than chemical 
pesticides, and can contribute, alone or by integration 

with other means, to manage plant diseases in a 
sustainable way 

Induced resistance is usually broad spectrum and can 
be long lasting, although rarely has complete 

effectiveness (20-85%) 
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