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Cos’è il chitosano? 



Dissolved in diluted acids 

2 weeks after 
the spray 



Attività del chitosano nei 
confronti della 

peronospora della vite 





Prova sperimentale 

Tesi/Formulati 
(n. di applicazioni) Principio attivo (%) Dose d’impiego         

(ml o g/ha) 
Anno 
prova 

Poltiglia Disperss (11) Poltiglia bordolese (20) 5000 2012, 2013 
Funguran (11) Idrossido di rame (19,2) 2800 2012, 2013 
Frontiere (11) Laminarina 1000 2012, 2013 

Frontiere + Oomisine (11) Laminarina + estratti microbici di Saccharomyces 
spp. (10), carbossilamine (10) 1000 + 2000 2012, 2013 

Frontiere + Coptrel (11) Laminarina + ossido/idrossido di rame (33) 1000 + 500 2012, 2013 

Frontiere + Coptrel (1); 
Frontiere + Oomisine (7); 
Frontiere + Coptrel (3) 

Laminarina + ossido/idrossido di rame (33); 
Laminarina + estratti microbici di Saccharomyces 
spp. (10), carbossilamine (10); 
Laminarina + ossido/idrossido di rame (33) 

1000 + 500 
1000 + 500 
1000 + 500 

2012, 2013 

Frontiere + Micosat TAB 
fogliare (11) 

Laminarina + Microorganismi (Glomus spp., 
Bacillus subtilis, Streptomyces spp., Trichoderma 
spp., Pichia pastoris) 

1000 + 2000 2012, 2013 

Bentotamnio (11) Bentonite + K2O (2,6), CaO (18,5), Mg (3,1) 14167 2012 

Humixa polivalente (11) Humus di lombrico (3,5) 6000 2013 
Chito Plant (11) Chitosano (99,9) + B (0,05) + Zn (0,05) 5000 2012, 2013 
Chito Plant (11) Chitosano (99,9) + B (0,05) + Zn (0,05) 8000 2012, 2013 

Vigneto di circa 0,5 ha della varietà Montepulciano, allevato a “Guyot”, con un sesto di impianto di 
0,8 × 2,2 m, non irrigato, ubicato nei pressi di Camerano (AN). 

Schema sperimentale a blocchi randomizzati con quattro repliche	

11 trattamenti effettuati con cadenza settimanale a partire da metà maggio fino a fine luglio 



Risultati 24 settembre 2012 
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Romanazzi et al., 2016 Plant Disease 



Risultati 23 luglio 2012 
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Risultati 31 luglio 2013 
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Risultati 11 luglio 2013 
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Late downy mildew symptoms in the vineyard of Camerano (AN) in the 1st year on 
September 24th 

laminarin  0.5% chitosan 



Growth parameters of vines 

Shoot length (cm) 
Treatments June 6 June 12 June 18 June 25 July 2 
Bordeaux mixture 68 ±22 a 101 ±20 b 113 ±21 a 137 ±23 ab 153 ±26 a 
Copper hydroxide 67 ±22 a 102 ±17 b 112 ±17 a 134 ±26 ab 152 ±23 a 
Laminarin 66 ±24 a 100 ±17 b 117 ±21 a 139 ±29 ab 154 ±34 a 
Laminarin+Ext‡ 65 ±24 a 105 ±13 ab 119 ±16 a 147 ±25 ab 156 ±25 a 
Laminarin+Cu‡ 61 ±26 a 97 ±21 b 109 ±21 a 127 ±24 b 145 ±32 a 
Laminarin+Cu+Ext+Cu‡ 65 ±23 a 101 ±15 b 114 ±18 a 141 ±27 ab 159 ±23 a 
Laminarin+Mix‡ 64 ±26 a 106 ±19 ab 119 ±20 a 138 ±22 ab 148 ±24 a 
Bentonite 69 ±25 a 113 ±18 a 119 ±18 a 152 ±31 a 160 ±26 a 
0.5% chitosan  62 ±23 a 99 ±14 b 111 ±19 a 135 ±24 ab 154 ±25 a 
0.8% chitosan  67 ±24 a 98 ±21 b 112 ±26 a 136 ±40 ab 158 ±37 a 
Control 63 ±26 a 103 ±15 b 111 ±16 a 139 ±26 ab 157 ±30 a 

Lam, laminarin; Ext, microbial extract of Saccharomyces spp.; Cu, copper hydroxide/copper 
oxide; Mix, microorganisms (Glomus spp., Bacillus subtilis, Streptomyces spp., Trichoderma 
spp., Pichia pastoris) 

Shoot length  

Romanazzi et al., 2016 Plant Disease 



leaf area 

Growth parameters of vines 

Lam, laminarin; Ext, microbial extract of Saccharomyces spp.; Cu, copper hydroxide/
copper oxide; Mix, microorganisms (Glomus spp., Bacillus subtilis, Streptomyces spp., 
Trichoderma spp., Pichia pastoris) 

Leaf weight and area Pruning wood weight 

ü  considering 40 leaves per plot on July in the 1st year 
ü  measurements of the dry weight, putting leaves in an oven 

at 75 °C for 3 days 
ü  measurements of the leaf areas, using a LI 3100 Area Meter 

ü  the weight of pruned branches was recorded for all of 
the plants for each treatment on March 2014 (2nd 
year) 

Romanazzi et al., 2016 Plant Disease 



Treatment 
Production 
/plant (g) 

Sugar content 
(%Brix) 

Total acidity  
(g/L) pH 

Bordeaux mixture 2459 ±428 20.30 ±1.27 5.22 ±0.62 3.21 ±0.05 ab 

Copper hydroxide 2194 ±253 20.80 ±0.00 5.18 ±0.27 3.19 ±0.00 ab 

Laminarin 2055 ±458 20.65 ±0.49 5.73 ±0.35 3.27 ±0.05 a 

Lam+Ext 1978 ±268 19.95 ±1.20 5.46 ±0.08 3.24 ±0.01 ab 

Lam+Cu 2298 ±483 21.30 ±0.42 5.82 ±0.44 3.27 ±0.04 a 

Lam+Cu;Lam+Ext;Lam+Cu 2357 ±141 20.70 ±0.42 5.50 ±1.35 3.19 ±0.08 ab 

Lam+Mix 1815 ±277 20.20 ±1.13 4.89 ±1.40 3.25 ±0.01 ab 

Bentonite 1950 ±555 19.85 ±1.06 4.65 ±0.97 3.21 ±0.05 ab 

0.5% chitosan 2212 ±286 20.50 ±0.71 4.89 ±0.70 3.14 ±0.01 b 

0.8% chitosan 2260 ±442 20.40 ±0.57 4.82 ±0.45 3.14 ±0.01 b 

Control  1732 ±583 19.85 ±0.35 4.77 ± 0.81 3.21 ±0.01 ab 

Growth parameters of vines 

Quantity and quality of the grape production 

No treatment has negatively affect the quantitative and qualitative 
parameters of grapes	

Lam, laminarin; Ext, microbial extract of Saccharomyces spp.; Cu, copper 
hydroxide/copper oxide; Mix, microorganisms (Glomus spp., Bacillus subtilis, 
Streptomyces spp., Trichoderma spp., Pichia pastoris) Romanazzi et al., 2016 Plant Disease 



Grapevines treated with 0.8% chitosan 

Grapevines treated with copper hydroxide 



Risultati 2014 

Strategia	A	=	applicazione	dello	stesso	formulato	per	tutta	la	stagione	
Strategia	B	=	applicazione	alternata	dei	due	formulati		
Strategia	C	=	applicazione	di	Funguran	per	la	prima	metà	dei	trattamenti	e	del	
prodotto	alternativo	per	la	seconda	metà	
Strategia	D	=	applicazione	del	prodotto	alternativo	per	la	prima	metà	dei	
trattamenti	e	di	Funguran	per	la	seconda	metà	

Romanazzi et al., 2016  
Atti Giornate Fitopatologiche 



Risultati 2015 

Strategia	A	=	applicazione	dello	stesso	formulato	per	tutta	la	stagione	
Strategia	B	=	applicazione	alternata	dei	due	formulati		
Strategia	C	=	applicazione	di	Funguran	per	la	prima	metà	dei	trattamenti	e	del	
prodotto	alternativo	per	la	seconda	metà	
Strategia	D	=	applicazione	del	prodotto	alternativo	per	la	prima	metà	dei	
trattamenti	e	di	Funguran	per	la	seconda	metà	

Romanazzi et al., 2016  
Atti Giornate Fitopatologiche 



Attività del chitosano nel 
controllo delle malattie 

postraccolta di 
ortofrutticoli 





















MALATTIE POSTRACCOLTA DELLE CILIEGIE 

Muffa grigia 

Marciume acquoso 

Marciume da 
Alternaria 

Marciume da 
Cladosporium 

Muffa blu 







Parlier, June 2004 - Jan 2005 
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Single berries inoculated with B. cinerea and immersed in 
chitosan and ethanol solutions alone and in combination 
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*Synergistic 
effect, 
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the Limpel’s 

formula  
(Richer, 1987) 
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Small clusters inoculated with B. cinerea and immersed in 
chitosan and ethanol solutions alone and in combination 

60 days  
@ 0.5°C 

*Synergistic 
effect, 

according to 
the Limpel’s 

formula 
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Romanazzi et al., 2006 Plant Dis. 

UV-C O.36 J/cm2 

Chitosan 1% 



Acids reported able to dissolve chitosan 
Acid Concentration Reference  

Acetic 0.1 N Allan and Hadwiger, 1979 
0.5%  Du et al., 1998 
1% Kendra et al., 1989 
2% Bégin and Van Calsteren, 1999 

Citric 2% Bégin and Van Calsteren, 1999 
Formic 2% Bégin and Van Calsteren, 1999 
L-glutamic 1-2%  Zhang and Quantick, 1997 
Lactic 0.5% Devlieghere et al., 2004 

2% Bégin and Van Calsteren, 1999 
Hydrochloric 10 N  El Ghaouth et al., 1991 

0.25 N  El Ghaouth et al., 1992 
0.1% Bégin and Van Calsteren, 1999 

Malic 0.5-2% Du et al., 1997 
Romanazzi et al., 2009 Phytopathology 



Ability of different acids to dissolve chitosan 
Acid pH 1% Dissolve chitosan 

Acetic 2.8 Yes 
L-ascorbic 2.7 Yes 
Boric 5.0 No  
DL-α-aminobutyric 5.4 No  
Formic 2.2 Yes 
Gallic 2.9 No 
L-glutamic 2.6 Yes 
Hydrochloric 0.6 Yes 
Lactic 2.4 Yes 
Maleic 1.5 Yes 
Malic 2.3 Yes 
Phosphorous 1.4 Yes 
Polygalatturonic 3.0 No 
Succinic 2.6 Yes 
Trans-Cinnamic 2.9 No  
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Single berries inoculated with B. cinerea and immersed in chitosan solutions 
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Small clusters inoculated with B. cinerea and immersed in chitosan solutions 
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A= Acetic acid; B= L-Ascorbic acid; C= 
Formic acid; D= L-glutamic acid; E= Lactic 
acid; F= Maleic acid; G= Malic acid; H= 
Phosphorous acid; I= Succinic acid. 

Chitosan 
coating on 
table grape 

berries 

Romanazzi et al., 2009 Phytopathology 



Dissolving acid Coating thickness (µm) Viscosity (cp) 
Acetic  6.3 (±1.91)  43.47 (±4.47)  
L-Ascorbic  13.1 (±2.80)  1.91 (±0.25)  
Formic  9.8 (±1.82) 234.89 (±21.23)  
L-Glutamic 9.9 (±1.87) 23.78 (±2.71)  
Hydrochloric  11.2 (±2.26) 3.94 (±0.56)  
Lactic  9.7 (±1.95) 102.95 (±11.10)  
Maleic  9.1 (±3.22) 306.41 (±8.56)  
Malic  10.7 (±1.25) 148.38 (±10.10)  
Phosphorous  9.6 (±1.10) 178.13 (±13.14)  
Succinic  7.4 (±2.61) 12.91 (±2.05)  

Thickness of chitosan film on the berries 
and viscosity of chitosan solutions  

Romanazzi et al., 2009 Phytopathology 
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McKinney’s index of gray mold, Rhizopus rot and blue mold recorded on strawberries 
cv. Camarosa stored for 7 days at 0 ±1 °C and then exposed to 3 days of shelf life 

POSTHARVEST TRIALS ON STRAWBERRY 

Values with the same letter are not different according to Duncan’s MRT (P <0.05) 
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Chitosan (0.5%) Laminarin 

Laminarin BTH 

Fungicides Fir extract 

Control Chitosan (0.5%) 

Chitosan (1%) Control 

Fir extract Fungicides 

BTH Chitosan (1%) 

Laminarin 
  

Fungicides   
    

Fir extract 
  

BTH   
    

Fungicides 
  

Chitosan (1%)   
    

Chitosan (0.5%) 
  

Fir extract   
    

BTH 
  

Control 
  

Chitosan (1%) 
  

Chitosan (0.5%) 
  

Control 
  

Laminarin 
  

PREHARVEST TRIALS ON STRAWBERRY 

Strawberry field 
Agugliano (AN) •  Treatment with: 

 
Water (control) 
Chitosan (0.5%)  
Chitosan (1%) 
Laminarin (1%) 
Fir extract (1%) 
Benzothiadiazole (0.2%) 
Fungicides (cyprodinil + 
fludioxonil, pyrimethanil) 
 

Treatment 5 times during season approximately every 5 days: 
Flowering End flowering Green fruit White fruit Red turning fruit 



PREHARVEST TRIALS ON STRAWBERRY 
McKinney’s Index of rots recorded on strawberries cv. ALBA treated for 5 times during 

the season, harvested and stored for 7 days at 0 ±1 °C and then exposed to shelf life 
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McKinney’s Index of total rots that include brown rot and gray mold of sweet cherry 
cv. “Burlat” stored for 14 days at 0.5 °C and then exposed to shelf life 

POSTHARVEST TRIALS ON SWEET CHERRY 

Values with the same letter are not different according Tukey HSD (P <0.05) 
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PREHARVEST TRIALS ON SWEET CHERRY 
McKinney’s Index of total rots that include brown rot and gray mold of sweet cherries 

stored for 14 days at 0.5 °C and then exposed to shelf life 

Values with the same letter are not different according Tukey HSD (P <0.05) 

cv. Sweet Heart cv. Blaze star 

Feliziani et al., 2013 PBT 



THOMPSON SEEDLESS TABLE GRAPES 
In Parlier, CALIFORNIA  

Treatments 4 times during the 
season: 
 

•  Berry set 

•  Pre-bunch closure 

•  Veraison 

•  2/3 weeks before harvest 

PREHARVEST TRIALS ON TABLE GRAPES 



In 2011 
Treatments with: 
 
•  Water (control) 

•  Fungicides program 
           (1^ pyrimethanil,  
            2^ cyprodinil + fludioxonil,                                         
            3^ pyraclostrobin + boscalid,                
            4^ fenhexamid) 

 
•  K sorbate (1%) 
 
•  Chitosan-A: OII-Ys 

•  Chitosan-B: Chito Plant 
 
•  Chitosan-C: Armour-Zen 

PREHARVEST TRIALS ON TABLE GRAPES 

3 commercial 
formulations at 1% 

chitosan  

Feliziani et al., 2013 Plant Dis 



POSTHARVEST ROTS FROM NATURAL INOCULUM 

After 6 weeks of 
storage at 2°C 
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2011 

Values with the same letter are not different 
according Tukey HSD (P <0.05). 

Other rots were caused 
mainly by Alternaria spp. 

and Penicillium spp. 
Feliziani et al., 2013 Plant Dis 



Which are the 
mechanisms of action of 

chitosan? 



Growth of some decay-causing fungi 

Chitosan concentration 
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A 

C

B 

Effect of chitosan on radial growth of Botrytis cinerea (A),  
Monilinia laxa (B), and Alternaria alternata (C)  



Radial mycelial growth of fungal colonies of decay causing 
fungi on PDA amended with resistance inducers 
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Monilinia laxa Botrytis cinerea Rhizopus stolonifer Alternaria alternata 
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Monilinia laxa Botrytis cinerea Rhizopus stolonifer Alternaria alternata 

Feliziani et al., 2013 PBT 



Fungus Infected species Reference 

Botrytis cinerea Tomato, potato, bell pepper, 
cucumber, peach, 
strawberries, table grapes, 
pear, apple, citrus fruit 

Rabea and Badawy, 2012; Badawy and Rabea, 2009; Liu et al., 
2007; Xu et al., 2007; Chien and Chou, 2006; Lira-Saldivar 
et al., 2006; Elmer and Reglinski, 2006; Ait Barka et al., 
2004; Badawy et al., 2004; Ben-Shalom et al., 2003; 
Romanazzi et al., 2002; El Ghaouth et al., 2000; 1997; 1992; 
Du et al., 1997  

Rhizopus 
stolonifer 

Peach, strawberries, papaya, 
tomato 

Ramos García et al., 2012; García Rincón et al., 2010; 
Hernández-Lauzardo et al., 2010; Guerra-Sánchez et al., 
2009; Park et al., 2005; Bautista Baños et al., 2004; El 
Ghaouth et al., 1992 

Penicillium spp. Strawberry, apple, pear, 
tomato, citrus fruit, jujube, 
litchi fruit 

Cè et al., 2012; El-Mougy et al., 2012; Xing et al., 2011; Liu et 
al., 2007; Yu et al., 2007; Chien and Chou, 2006; Sivakumar 
et al., 2005; Bautista Baños et al., 2004; El Ghaouth et al., 
2000 

Aspergillus spp. Pear Cè et al., 2012; Plascencia-Jatomea et al., 2003 

Alternaria spp. Tomato, pear Sánchez-Domínguez et al., 2011; Meng, et al., 2010 

Cladosporium spp. Litchi fruit, strawberry Park et al., 2005; Sivakumar et al., 2005 

Colletotrichum 
spp. 

Mango, papaya, banana, table 
grapes, tomato 

Zahid et al., 2012; Abd-Alla and Haggar, 2010; Ali et al., 2010; 
Maqbool et al., 2010a, 2010b; Hewajulige et al., 2009; 
Muñoz et al., 2009; Ali and Mahmud, 2008; Jitareerat et al., 
2007; Win et al., 2007; Sivakumar et al., 2005; Bautista 
Baños et al., 2003 

Monilinia spp. Apple, peach, sweet  cherry Feliziani et al., 2013; Yang et al., 2012; 2010  

Antifungal activity of chitosan 

Romanazzi G., Feliziani E., Bautista Baňos S., Sivakumar D., 2017. Shelf life extension of fresh fruit and vegetables 
by chitosan treatment. Critical Reviews in Food Science and Nutrition (in press) 



Trans-resveratrol and catechin content  
of berries treated with chitosan  

and exposed to UV-C 

 

Treatment 
Autumn Black B36-55 

Trans-
resveratrol 

 

Catechin  Trans-
resveratrol 

 

Catechin  

Chitosan ND* ND 1.90 C ND 
UV-C 17.47 b 1.41 b 18.12 B ND 
Chitosan + UV-C 23.15 a 2.56 a 22.00 A ND 
Control ND ND 1.84 C ND 

*ND = Below the detection limit (0.2 µg/g fresh skin weight) 

Romanazzi et al., 2006 Plant Dis. 



INDUCTION OF RESISTANCE 

Marienhagen and Bott, 2013 Journal of Biotechnology 

+ quercetin, 
myricetin 
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INDUCTION OF RESISTANCE 

Values with the same 
letter are not different 
according Tukey HSD 

(P <0.05) 

Feliziani et al., 2013 Plant Dis 
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INDUCTION OF RESISTANCE 

Values with the same letter 
are not different according 

Tukey HSD (P <0.05) 

Feliziani et al., 2013 Plant Dis 
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Location and content of 
hydrogen peroxide in mature 
‘Thompson Seedless’ grape 

berry tissue as shown by 
scanning electron microscope 

The berries were treated with:  
A – Water (control)  
B – K sorbate 
C – Fungicides 
D – Chitosan-A (OII-YS) 
E – Chitosan-B (Chito Plant) 
F – Chitosan-C (Armour-Zen) 
 The reaction product of hydrogen peroxide 
and cerium chloride is cerium hydroxide, 

that is highlighted by the pink pixels 

INDUCTION OF RESISTANCE 

Feliziani et al., 2013 Plant Dis 



Phenylpropanoid 
pathway 

Dixon et al., 2002. Molecular Plant Pathology 
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Romanazzi et al., 2000 Frutticoltura 
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ü Ca2+ and K+ ion fluxes 
ü ROS cell responses 
ü  phenylpropanoid pathway 
ü  cell-wall degradation  
ü  PR proteins 

CHITOSAN 
BTH  
COA 

Which gene associated to 
defense mechanisms  is 

involved in induced 
resistance? 

Postharvest 
treatments 

Analysis in RT-
qPCR of genes 
associated to: 

Landi et al., 2014 JAFC 



This proof the induction of resistance in strawberry fruit 

The resistance 
inducers 

triggered the 
expression of a 
large number 
of genes that 
lead to the 

physiological 
events involved 

in plant 
defense 

Landi et al., 2014 JAFC 



THE ELICITOR COMPOSITION AFFECTS SPECIFIC 
PATTERN OF INDUCED DEFENSE GENES 

>72%  < 38%  

Similarity of gene expression (%)  

Landi et al., 2014 JAFC 



 
•  Higher quantity of phenolic 

Myricetin 
Quercetin 
Resveratrol 

•  Higher activity of enzymes related 
to mechanism of plant defenses: 

Phenylalanine ammonia-lyase 
Peroxidase 
Polyphenol oxidase 
Superoxide dismutase 
Chitinase 
β-1,3-glucanase 

•  Delay senescence 
•  Prolonged storage and shelf 

life 

Physiological changes induced 
in the plant tissues by chitosan 

•  Induction of plant defense 

•  Lower respiration rate 
•  Reduces weight loss 

Romanazzi G., Feliziani E., Bautista Baňos S., Sivakumar D., 2017. Shelf life extension of fresh fruit and vegetables 
by chitosan treatment. Critical Reviews in Food Science and Nutrition (in press) 



What happens to 
chitosan treated fruit? 



Chitosan on strawberries soon after dipping 





COLOR 

PREHARVEST TRIALS ON STRAWBERRY 

+a* 
Red 

Yellow 
+b* 

White +L* 

Black 

Green 
Blue 

Representation of color solid for 
L*a*b* color space 

Values with the same letter are not different 
according TUKEY HSD (P <0.05). 
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PREHARVEST TRIALS ON STRAWBERRY 

FIRMNESS 

Values with the same letter are not different 
according TUKEY HSD (P <0.05). 

0 
100 
200 
300 
400 
500 
600 

Fi
rm

ne
ss

 (g
) 



TABLE GRAPE QUALITY PARAMETERS 
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After 6 weeks of storage at 2°C 

Values with the same letter are not different according Tukey HSD (P <0.05). 



TABLE GRAPE QUALITY PARAMETERS 
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1.   efficacia equivalente o superiore a quella delle 
pratiche utilizzate al momento 
2.  assenza di danni o effetti fitotossici sul frutto 
3. assenza di alterazioni delle caratteristiche 
organolettiche 
4.  assenza di rischi per l’uomo e l’ambiente 
5. compatibilità con le pratiche attualmente utilizzate, 
economicità e facilità di implementazione 
6. compatibilità con i principi dell’agricoltura biologica 
7. beneficio per chi veicola la tecnologia affinché sia 
motore dell’innovazione 

Caratteristiche che deve avere un mezzo di lotta 
alternativo ai fungicidi di sintesi 

Romanazzi et al., 2012 PBT 



Thanks for your attention 
MacFrut 2016 - Rimini, 14 settembre 2016 


