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Grapevine (Vigs vinifera 1) 15 susceptible to many patho-
gens, such as Botrviis cinerea, Plasmopara viticola, Uncinula
necator, and Eutypa lata. Phytochemicals are used intensively
in vinevards to limit pathogen infections, but the appearance
of pesticide-resistant pathogen strains and a desire to protect
the environment require that alternative strategies be found.
In the present study, the (-1.3-glucan laminarin derived
from the brown algse Laminaria digitata was shown both to
be an efficient elicitor of defense responses in grapevine cells
and plants and to effectively reduce B. cinerea and F visicola
development on infected grapevine plants. Defense reactions
elicited by laminarin m grapevine cells mclude caleium in-
flux, alkalinization of the extracellular medium, an oxidative
burst, activation of two mitogen-activated protein kinases,
expression of 10 defense-related senes with different kinetics

genesis-related (PR) proteins, some of which possess antimacro-
bal properties (Fnng et al. 1998; Hammerschomadt 1999,
Somssich and Hahlbrock 1998; Van Loon and Yan Stnen 1999).
All these defense reactions, which sometimes are associated with
a localized cell death known as the hypersensitive reaction {HRJ,
are considered to be important responses for dehmiting the
pathogen's growth. Moreover, plants have the ability to develop
systemic acguired resistance (SAR), which reduces subsequent
infection of healthy tssues by a broad range of pathogens. How-
ever, if these defense reactions occur too late, the infection proc-
55 will spread successfully.

Yanous types of clicitors have been charactenzed, including
carbohydrate  polymers, lhmds, (glyco)peptides, and
(glvco)proteins. These products are secreted by microorgan-
isms or denved from the cell walls of fungi. bactenia, or host



Formulations, application rates and number of treatments

- . . Applicati t Number of :
Active ingredient (%) Commercial product Company PRTication rate um e_r ° Year trial
(g or ml/ha) applications
. . Cerexagri Italia
Bordeaux mixture (20) Poltiglia Disperss S); Ig (IIT) ! 5000 11 2012; 2013
11
Copper hydroxide (19.2) Funguran Certis Europe (IT) 2800 2012; 2013
Laminarin Frontiere BioAtlantis (IRL) 1000 11 2012; 2013
Laminarin +
a}mlnaEnn Frontiere + BioAtlantis (IRL); 1000 +
microbial extract of Saccharomyces .. 11 2012; 2013
. Oomisine Kalosgate (IT) 2000
spp. (10), carbossilamine (10)
inarin + iere + i i : +
Laminarin _ _ Frontiere BioAtlantis (IRL); 1000 1 2012: 2013
copper hydroxide/copper oxide (33) Coptrel Kalosgate (IT) 500
Laminarin + Frontiere + 1000 +
: : Coptrel, 500 1
copper hydroxide/copper oxide (33); P
Laminarin + : : :
a}mlna_rm Frontiere + BioAtlantis (IRL); 1000 +
microbial extract of Saccharomyces Oomisine: Kalosgate (IT) 500 7 2012; 2013
spp. (10), carbossilamine (10); ’ g
e,
claam;rr]?lm(;roxide/co er oxide (33) Frontiere + 1000+
pper PP Coptrel 500 3
Laminarin +
microorganisms (Glomus spp., Frontiere + Kalosgate (I); CCS 1000 + 1 2012: 2013
Bacillus subtilis, Streptomyces spp., Micosat TAB fogliare Aosta S.r.l. (IT) 2000 ’
Trichoderma spp., Pichia pastoris)
Bentonite, lithothamne, potassic .
e 1l Potass Bentotamnio Cerrus (IT) 14167 11 2012
stone meal
\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 - - -




Results — September 24, 2012

Incidence (%)

Severity (1-10)

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 23, 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



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



treated with different

Late downy mildew symptoms on plots

2012

compounds on September 24




24.5.2014 Official Journal of the European Union L 156/5

I

(Non-legislative acts)

REGULATIONS

COMMISSION IMPLEMENTING REGULATION (EU) No 563/2014
of 23 May 2014

approving the basic substance chitosan hydrochloride in accordance with Regulation (EC)

No 1107/2009 of the European Parliament and of the Council concerning the placing of plant

protection products on the market, and amending Commission Implementing Regulation (EU)
No 540/2011

(Text with EEA relevance)



ELICITOR TARGET PATHOGEN
Chromista | Fungi | Bacteria | Viruses | Phytoplasma

Acibenzolar-S-Methyl or X X X X X
Benzothiadiazole (BTH)
B-aminobutirric acid X X X
(BABA)
Cerevisane X X
Chitosan X - X X X
Glutathion + oligosaccharines X X
Isonicotinic acid (INA) X X X
Jasmonic acid (JA, MelJA) X
Laminarin X X
Phosetyl-Al X X X X
Potassium phosphyte _ X
Prohexadione-Ca X X
Protein hydrolysates X X
Salicylic acid (SA) X X X
Yeast extracts X X

Registered and not registered products on the market



Conclusions

~ The elicitation of host resistance is in agreement with '
1™ current trends in plant protection (see Directive
A 2_009/128/EC on sustainable use of pestldes)»
g . be " cause of reduced chemical inputs in agric Ity
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Conclusions

lnduced resistance Is usually broad spectrum and ca“* |
N\, be long lasting, although rarely has compl te’
:"‘- 8 A eﬁectlveness (20- 85%) vl ,‘
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