S UNIVERSITA
give) | BIOCONTROL
$0% |5 POLITECNICA

Lole DELLE MARCHE CONFERENCE

' Uso di chitosano ed altri 1ndutt0n d

l;esmt nza come alternative al ra

er I'

“ipiotez A1 ne antlperonosporlea de Hasyige
| B o

3. VAR Ao _’,'_4"._ 'g 4 70 ,»" : . '_ . ! . 5 W5 %
-' \4__,:. ” ek :yt*‘ VoW & | -”z'ﬁ’ : 7 L M z’ Jia

f"- =
fee ) b ’1 "\o. ) : . T

? Glanfr '

e

Dlpartlmento dl S @wﬂ'ze Ag grarle,



Farm to Fork ‘
Strateqgy

For a fair, healthy and

environmentally-friendly
food system

#EUG" EEDeal




The use of chemical pesticides in agriculture contributes to soil, water and air pollution,
biodiversity loss and can harm non-target plants, insects, birds, mammals and amphibians.
The Commission has already established a Harmonised Risk Indicator to quantify the progress
in reducing the risks linked to pesticides. This demonstrates a 20% decrease in risk from
pesticide use in the past five years. The Commission will take additional action to reduce the
overall use and risk of chemical pesticides by 50% and the use of more hazardous pesticides!® by
50% by 2030. To pave the way to alternatives and maintain farmers’ incomes, the Commission will take a
number of steps. It will revise the Sustainable Use of Pesticides Directive, enhance provisions on integrated
pest management (IPM) and promote greater use of safe alternative ways of protecting harvests from
pests and diseases. IPM will encourage the use of alternative control techniques, such as crop rotation and
mechanical weeding, and will be one of the main tools in reducing the use of, and dependency on, chemical
pesticides in general, and the use of more hazardous pesticides in particular. Agricultural practices that
reduce the use of pesticides through the CAP will be of paramount importance and the Strategic Plans
should reflect this transition and promote access to advice. The Commission will also facilitate the placing
on the market of pesticides containing biological active substances and reinforce the environmental risk
assessment of pesticides. It will act to reduce the length of the pesticide authorisation process by Member
States. The Commission will also propose changes to the 2009 Regulation concerning statistics on pesticides!*
to overcome data gaps and promote evidence-based policymaking.

s The market for organic food is set to continue growing and organic farming needs to be
' " | further promoted. It has a positive impact on biodiversity, it creates jobs and attracts young
i@ﬁ"ﬂf""ﬂ farmers. Consumers recognise its value. The legal framework supports the shift to this type
. of farming, but more needs to be done, and similar shifts need to take place in the oceans

and inland waters. In addition to CAP measures, such as eco-schemes, investments and advisory services,
and the Common Fisheries Policy (CFP) measures, the Commission will put forward an Action Plan on organic
farming. This will help Member States stimulate both supply and demand for organic products. It will ensure
consumer trust and boost demand through promotion campaigns and green public procurement. This approach
will help to reach the objective of at least 25% of the EU's agricultural land under organic farming by 2030
and a significant increase in organic aquaculture.
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(Atti adottati a norma dei trattati CE/Euratom la cui pubblicazione ¢ obbligatoria)

REGOLAMENTI

REGOLAMENTO (CE) N. 1107/2009 DEL PARLAMENTO EUROPEO E DEL CONSIGLIO
del 21 ottobre 2009

relativo all'immissione sul mercato dei prodotti fitosanitari e che abroga le direttive del Consiglio
79/117|CEE e 91/414/CEE

IL PARLAMENTO EUROPEO E IL CONSIGLIO DELL'UNIONE
EUROPEA,

visto il trattato che istituisce la Comunita europea, in particolare
l'articolo 37, paragrafo 2, Tarticolo 95 e larticolo 152, para-
grafo 4, lettera b),

vista la proposta della Commissione,

visto il parere del Comitato economico e sociale europeo (1),

con la risoluzione del 30 maggio 2002 (°) e il Consiglio
nelle conclusioni del 12 dicembre 2001 hanno chiesto
alla Commissione di riesaminare la direttiva 91/414/CEE
e hanno individuato una serie di questioni che la Com-
missione avrebbe dovuto affrontare.

Alla luce dell'esperienza acquisita nellambito dell'applica-
zione della direttiva 91/414/CEE e visti i recenti sviluppi
scientifici e tecnici, € opportuno sostituire detta direttiva.

A fini di semplificazione, & opportuno altresi che il
nuovo atto abroghi la direttiva 79/117/CEE del Consiglio,
del 21 dicembre 1978, relativa al divieto di immettere in



Atrticolo 23
Criteri di approvazione per le sostanze di base

1. Le sostanze di base sono approvate conformemente ai
paragrafi da 2 a 6. In deroga all'articolo 5, l'approvazione e
per un periodo illimitato.

Ai fini dei paragrafi da 2 a 6, una sostanza di base ¢ una
sostanza attiva che:

a) non ¢ una sostanza potenzialmente pericolosa; e

b) non possiede una capacita intrinseca di provocare effetti
nocivi sul sistema endocrino o effetti neurotossici o immu-
notossici; e

c) non ¢ utilizzata principalmente per scopi fitosanitari, ma ¢
nondimeno utile a tal fine, direttamente o in un prodotto
costituito dalla sostanza e da un semplice agente diluente; e

d) non e immessa sul mercato come prodotto fitosanitario.

Ai fini del presente regolamento, € considerata sostanza di base
una sostanza attiva che soddisfi i criteri di «prodotto alimentare»
quale definito all'articolo 2 del regolamento (CE) n. 178/2002.



2. In deroga all'articolo 4, una sostanza di base & approvata
se le pertinenti valutazioni, effettuate conformemente ad altri
atti normativi comunitari disciplinanti I'impiego di tale sostanza
per scopi diversi da quello fitosanitario, mostrano che la so-
stanza non ha un effetto nocivo, né immediato né ritardato,
sulla salute umana o degli animali né un effetto inaccettabile
sullambiente.

3. In deroga all'articolo 7, la domanda di approvazione di
una sostanza di base e presentata alla Commissione da uno
Stato membro o da qualsiasi soggetto interessato.

La domanda ¢ corredata dei seguenti elementi:

a) valutazioni dei possibili effetti sulla salute umana o degli
animali o sullambiente, effettuate conformemente ad altri
atti normativi comunitari disciplinanti l'uso della sostanza, e



b) altre informazioni pertinenti sui possibili effetti sulla salute
umana o degli animali o sull'ambiente.

4,  La Commissione chiede allAutorita di emettere un parere
o di fornire assistenza scientifica o tecnica. L’Autorita fornisce
alla Commissione il suo parere o i risultati del suo lavoro entro
tre mesi dalla data della richiesta.

5. Si applicano gli articoli 6 e 13. Le sostanze di base sono
elencate separatamente nel regolamento di cui all'articolo 13,
paragrafo 4.

6. La Commissione pu() riesaminare l’approvazione di una
sostanza di base in qualunque momento. Pud tener conto della
richiesta di uno Stato membro di riesaminare 'approvazione.

Se ha motivo di ritenere che la sostanza non soddisfi pit i
criteri previsti dai paragrafi da 1 a 3, la Commissione ne in-
forma gli Stati membri, 'Autorita e il soggetto interessato e
stabilisce un termine per la presentazione di osservazioni.

La Commissione chiede all’Autorita di emettere un parere o di
fornire assistenza scientifica o tecnica. L'Autorita fornisce alla
Commissione il suo parere o i risultati del suo lavoro entro tre
mesi dalla data della richiesta.

Se la Commissione conclude che la sostanza non soddisfa piu i
criteri previsti dal paragrafo 1, ¢ adottato un regolamento per
revocare o modificare I'approvazione, secondo la procedura di
regolamentazione di cui all'articolo 79, paragrafo 3.
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Sostanze di base approvate e in valutazione
(credits Dr Patrice Marchand, ITAB)

Known Ongoing
Approved Withdrawal Not approved Approval | Non-aproval Application Extension
CaOH, Citrus pulp Achillea millefolium L. Black soap Sunflower oil
Equisetum arv Rhododendron honey Arctium lappa L. (aerial parts) H202 silver Equisetum arv

Castanea and Schinopsis sp.

Willow bark and

Organic polyphenolic botanical

Chitosan HCI . Artemisia absinthium L. Chitosan HCI
Tannins stem extract compost

Sucrose Valerian extract Artemisia vulgaris L. Lemon essential oil Salix cotex
Capsicum annuum L. var. annuum, longum group, Sainfoin (Onobrychis viciifolia .

Vinegar Extract from Rhododendron P . i Eumgraap ( . i Urtica sp.
cayenne, extract (Oleoresins capsicum) var. Perly) dried pellets

Fructose Potassium metabisulfite Carbon dioxide (basic substance) Yucca Schidigera extract

Whey CaOH, extension Comfrey steeping Moringa oleifera

Urtica sp. Caffeine Dimethyl Sulfide Psidium guajava L. leaf extract

Sunflower oil Clayed charcoal extension |Grape (Vitis vinifera) cane tannins Pepper dust

Beer Landes pine tar Calcium propionate

Mustard seed powder

Origanum vulgare L. essential oil

Ocimum gratissimum extract

Onion oil

Paprika extract (capsanthin, capsorubin E 160 c)

Chabazite

Sodium bicarbonate

Potassium sorbate

Allium fistulosum extract

Salix cortex

Propolis (Water soluble extract)

Sodium hypochlorite

Diammonium phosphate

Rheum officinale root extract

Grape seed extract

Hydrogen peroxide Saponaria officinalis L. roots Eggshell
sodium chloride Satureja montana L. essential oil Quassia amara
Cow milk Tanacetum vulgare L. water

L cysteine hop extract
Allium cepa extract Ozone

Lecithins

Talc E553b

Clayed charcoal
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Chitin related food science today
(and two centuries ago)

THE DISCOVERY OF CHITIN (IN A BOTANIC
GARDEN).

In 1807 Henry Braconnot was appointed director of the Botanic
Garden and Professor of Natural History in Nancy. The
four-century old University of Nancy, as well as the University of
Strasbourg, had been suppressed by the Assemblée Générale,
and in Nancy the Medical School and the Academy were the only
learned structures. Actually, the Garden and the Chair were part
of the Medical School because of the interest in officinal plants.
Those years were crucial for the connections between botany,
chemistry and medicine. For example, morphine was isolated by
Serturner in 1806, quinine was discovered by Pelletier and
Caventon in 1823 and atropine was crystallized in 1833. The
discovery of the anaesthetic action of nitrous oxide, diethyl ether
and chloroform started a revolution in surgery.

Braconnot had access to very modest means for doing research,
also due to the continental embargo consequent to the
Napoleon's wars. Nevertheless, while taking care of the heavily
damaged Garden discovered chitin in 1811 started large scale
cultivation of the sugar beet and the extraction and purification
of sugar with the intention of alleviating food shortage. This
activity was abruptly put to an end by the changed political
situation which permitted to import sugar from tropical
countries. He went on, however, with his idea of extracting
sugars from plants and remarkably anticipated the modern
approaches by directing attention to Heliantus tuberosus from
which inulin is extracted today.

Braconnot was interested in the definition of the nutritional
value of mushrooms. Braconnot wrote that poor countrymen
considered mushrooms a manna given free as a gift of
providence, and eagerly waited for the mushroom seasons. Today
Agaricus bisporus is widely cultivated.

Systematic sulfuric acid treatment of a large number of
substances led him to isolate two amino acids, glycine and
leucine, in 1820. This discovery brought a certain renown to him.
The direction of the Garden and the relevant problems (risky use
of gas for heating the hothouses, fights against military plans to
build casems inside the Garden) prevented Braconnot from
exploiting his chemical discoveries. He was a precursor of
Chevreul with his studies on fats, but he had no means to
identify the fatty acids: he brought forward the idea of plant
alkali but he could not isolate the alkaloids.

On the theoretical ground, he expressed the view that hydrogen
and oxygen together with fire were the fundamental constituents
of the universe, and plants can produce a number of elements
from light and water.

Braconnot published 112 papers in the form of memoirs of the
Academy of Sciences, Letters and Arts of Nancy, also known as
Academy of Stanislas, the King of Polish origin who ruled the
Lorraine region. Other publications are in the Annales de Chimie
et Physique and Journal de Chimie Médicale. He was also

eEuphrescoBasicS Y EuphrescoBasicS f@euph
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Polytechnic University of Marche, Institute of Biochemistry,
Via Ranieri 67,
IT-60100 Ancona, ltaly

appointed corresponding member of the national Académie des
Sciences, after Wollaston.

Braconnot certainly was an eminent chemist, as D.A. Godron, his
successor, wrote, but he profused many energies in botany.
Actually his teaching was according to Linnée, in a time period
when novel theories on cellular structure, plant sexuality and
alternate generations were being brought forward, as a
consequence of the studies done on enormaus collections of
previously unknown plants. For instance the Flinders expedition
(1801) made available 4000 unknown species of plants from
Australia. In 1852 the 14,100 m2 Garden had 3452 plants
species, including some from New Zealand and Reunion Island
provided by Empress Joséphine. Braconnot took into account the
novel views in botany, but dimmed sight forced him to refrain
from teaching for several years before retirement. He left
everything to the City of Nancy.

The discovery of chitin was essentially based on some reactions
carried out on raw material isolated from Agaricus volvaceus, A.
acris, A. cantarellus, A. piperatus, Hydnum repandum, H.
hybricum and Boletus viscidus.

The existence of chitosan in nature remained unknown until
1954, when it was discovered in the yeast Phycomyces
blakesleeanus. Chitosan occurs as the major structural
component of the cell walls of certain fungi, mainly of the
Zygomycetes species. However, to date, chitosans have been
commercially produced by alkaline deacetylation of crustacean
chitins.

MODERN APPLICATIONS OF CHITOSAN IN FOOD
SCIENCES

Antibacterial Activity

The antibacterial activity of chitosan was originally documented
by Muzzarelli et al. (1990) who published electron micrographs
showing the alterations produced in the bacterial cell wall and
organelles. Those resulls were brilliantly confirmed more than a
decade later by Helander et al (2001). Chemical and
electrophoretic analyses of cell-free supernatants of chitosan-
treated cell suspensions showed that interaction of chitosan with
E. coli and the salmonellae involved no release of
lipopolysaccharide or other membrane lipids. Highly cationic
mutants of S. fyphimurium were more resistant lo chitosan than
the parent strains. Electron microscopy showed that chitosan
caused extensive cell surface alterations and covered the outer
membrane with vesicular structures. Chitosan thus appeared to
bind to the outer membrane, explaining the loss of the barrier
function. This property makes chitosan useful for food protection
(Helander et al., 2001). It was also found that the antibacterial
activity of quaternized chitosan against £. cofiis stronger than
that of chitosan (Jia et al., 2001).

The antibacterial activity may be either bactericidal or
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Effects of Pre- and Postharvest
Chitosan Treatments to Control
Storage Grey Mold of Table Grapes

G. ROMANAZZI, E NIGRO, A. [PPOLITO, D). DI VENERE, AND M. SALERNO

ABSTRACT: The effectiveness of pre- and postharvest treatments withchitosan (0.1, 0.5, and 1.0%) to control Botrytis
cinerea on table grapes was investigated. In postharvest treatments, small bunches dipped in chitosan selutions and
inoculated with the pathogen showed a reduction of incidence, severity, and nesting of grey meld, in comparison
with the control. Single berries artificially wounded, treated with the polymer, and inoculated with B. cinerea
showed a reduced percentage of infected berries and lesion dia. Higher chitosan concentrations demonstrated
greater decay reduction. All preharvest treatments significantly reduced the incidence of grey mold, as compared to
the control. Table grapes treated with 1.0% chitosan showed a significant increase of phenylalanine ammonia-lyase
(PAL) activity. Consequently, besides a direct activity against B. cinerea, chitosan produces other effects contributing

to reduce decay.

Keywords: Botrytis cinerea, postharvest decay, PAL activity, sulphur dioxide, microflora

Introduction

REY MOLD, INDUCED BY BOTRYTIS CINEREA PERS., CAUSES HEAVY
losses of table grapes in the fleld and 15 a major obstacle to
thelr long-distance transport and storage. The pathogen is able
to develop at low temperature, shortening the length of storage
and marketing {Ippolito and others 1938). In ltaly, no synthetic
fungicides are licensed to control decay of table grapes after har-
vest: sulphur dioxide 1s permitted as an adjuvant and 1s effective
in reducing grey mold development during storage. However, al-
ternatives to S0, are required in view of damage to bunches due
to temperature increase, of hazards for human health, and of the
difficulties in using SO, with colored grapes (Nelson and Richard-
son 1967). Conslderable progress has recently been made in de-
veloping alternatives to synthetlc fungicides for the control of
postharvest diseases of frult and vegetables { Wilson and Wis-
niewskl 1994; Schena and others 1999; Ippolito and Nigro 2000;
Romanazzl and others 2001a). The use of a natural substance
such as chitosan, a high molecular weight cationic polysaccha-
ride present in fungal cell walls and arthropod exoskeletons, has
been considered as a valld alternative. In fact, chitosan is an lde-
al preservative coating for fresh frult and vegetables because of
{ts film-forming and blochemical properties (Muzzarelll 1986); 1t
prolongs storage life and controls decay of strawberries (El Gha-
outh and others 1991; Romanazzl and others 2000a), Htchi
(Zhang and Quantick 1997}, and apples (Du and others 1998).
Chitosan reduces the growth of many phytopathogenic bacterla
and fungi (Allan and Hadwiger 1972). Moreover, it elicits phytoal -
exdn formation (Reddy and others 1993) and induces the produc-
tlon of antifungal hydrolases (Fajardo and others 1958; Zhang
and Quantick 1998; Hirano 1999). Chitosan has generally been
applied in postharvest treatments (Baldwin and others 1935;
Cheah and others 1997), and there are very few examples of pre-
harvest application (Reddy and others 2000: Romanazzl and oth-

ers 20004, 2000b).
The objective of this study was to Investigate the effective-
ness of pre- and postharvest chitosan treatments In controlling

1862 JOURMNAL OF FOOD SCIENCE—Vol. 67, Nr. 5, 2002

grey mold storage rot of table grapes. In addltlon, the influence
of chitosan on the nanrally-occurring microflora and on pheny-
lalanine ammonta-lyase (PAL) activity of the treated berrles was
evaluated.

Materials and Methods

Fruits

Trials were carrled out on table grapes (Viris vinifera L., ov Ital-
la) grown In commercial groves located at Rutlgliano i Province of
Barl). Southern lialy. Vines, cultivated according to standard cul-
tural practices, were covered with plastic sheets In the 2nd half of
August to protect bunches from rainfall and to delay the harvest.

Pathogens

B. cinerea, straln 69, had been isolated from a cold-stored ta-
ble grape berry and maintained on potato dextrose agar (PDA)
slants at 5 + 1 °C, with annual inoculation and re-isolation from
berries to maintain virulence. In the drop-inoculation experi-
ments, the Inoculum consisted of aqueous spore suspension ( 104
spores ml-1); in the spray-application experiments, concentrated
stock suspenslon was added to achleve a final concentration of
105 spores ml-1. The spore suspension was prepared by flooding
a 12-d old culture of B. cénerea, grown at 20 £ 2 *C, with 10 ml of
sterile distilled water containing 0.1% (v/v) Tween 20 (Eastman
Chemical, Kingsport, Tenn., U.5.4.) gently agltated to remove
the spores.

Chitosan

Crab-shell chitosan, purchased from Sigma Chemical Co. (St.
Louls, Mo., U.5.A.), was ground to a fine powder (particle size
smaller than 1 mm) by extensive grinding in a mortar, washed 3
times In distilled water (20 ml of water per g of chitosan), pel-
leted by low-speed centrifugation and alr-drled at room temper-
ature. The purtfied chitosan was prepared as described by Ben-
hamou and others (1994). For experimental use the stock
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Efficacia del trattamento postraccolta con chitosano
su muffa grigia e marciume da Rhizopus della fragola
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(Non-legislative acts)

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)

Currently under implementation
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COMMISSION IMPLEMENTING REGULATION (EU) 2021/1165
of 15 July 2021

authorising certain products and substances for use in organic production and establishing their lists

(Text with EEA relevance)

1. Basic substances

Basic substances listed in Part C of the Annex to Implementing Regulation (EU) No 540/2011, from plant or animal origin
and based on food as defined in Article 2 of Regulation (EC) No 178/2002 of the European Parliament and of the
Council () may be used for plant protection in organic production. Such basic substances are marked with an asterisk in
the table below. They shall be used in accordance with the uses, conditions and restrictions set in the relevant review
reports (*) and taking into account the additional restrictions, if any, in the last column of the table below.

Other basic substances listed in Part C of the Annex to Implementing Regulation (EU) No 540/2011 may be used for plant
protection in organic production only when they are listed in the table below. Such basic substances shall be used in
accordance with the uses, conditions and restrictions set in the relevant review reports® and taking into account the
additional restrictions, if any, in the right column of the table below.

Basic substances shall not be used as herbicides.

Number and
Part of CAS Name Specific conditions and limits
Annex ()
1€ Equisetum arvense L.*
2C 9012-76-4 Chitosan hydrochloride* obtained from Aspergillus or organic

aquaculture or from sustainable fisheries, as
defined in Article 2 of Regulation (EU)

No 1380/2013 of the European Parliament
and of the Council (?)




PERONOSPORA DELLA VITE

(Plasmopara viticola)




PhytoPathology News

PLANT PATHOLOGY’S PERPLEXING PAST—
THE REST OF THE STORY

Bordeaux Mixture Part ll—Was It
Really an Accidental Discovery?

Robert M. Harveson, University of Nebraska, tharveson2@unl.edu

As plant pathologists, we have all probably been taught that the original fungicide, copper
sulfate (also known as the Bordeaux mixture) was a serendipitous, accidental discovery by the
French botanist and mycologist, Pierre-Marie-Alexis Millardet. The traditional narrative
is that Millardet noticed healthy grapes near a roadway that had been coated with a sickly,
greenish blue substance o discourage pilfering of fruit by passersby, while plants distant from
the road (not treated with the unappealing material) were blighted severely by downy mildew.

Furthermore, have you ever wondered about the origin of the name for this chemical
concoction: Bordeaux mixture? It has an interesting history that is likely little-known to
contemporary readers. Both tales are actually somewhat mythical and cumulatively are the rest
of the story.

The use of copper sulfate (with and without lime) was common long before downy
mildew reached French vineyards about 1878 and had been employed as a theft deterrent, a
preservative treatment of wooden stakes for training grapevines, as well as a seed treatment
for protecting cereals from smut. Millardet simply expanded the idea of using the mixture as
a liquid solution applied to foliage with a hearth broom. His original recipe was prepared by
combining 15 kg of lime suspended in 30 liters of water with a solution consisting of 8 kg of
copper sulfate dissolved in 100 liters of water.



Journal of Agricultural Engineering 2016; volume XLVI1:497

Evaluation of the characteristics of vineyard pruning residues

for energy applications: effect of different copper-based treatments
Daniele Duca, Giuseppe Toscano, Andrea Pizzi, Giorgio Rossini, Sara Fabrizi, Giulia
Lucesoli, Andrea Servili, Valeria Mancini, Gianfranco Romanazzi, Chiara Mengarelli

Department of Agricultural, Food and Environmental Sciences, Marche Polytechnic University,
Ancona, Italy

Table 2. Comparison between copper distributed and copper registered (mean values) in pruning wood and seil.
Copper absolute value Copper concentration Copper concentration

(kg/ha) in the vine pruning (mg/kg) in the soil (mg/kg)
Bordeaux mixture 1.0 192 1134
Copper hydroxide 58 10.6 1028
Laminarin + copper hydroxide/copper oxide 1.3 L IR
Farm appication 43 104 6.3
Control - 7.0 B8.3

[page 24) [Journal of Agricultural Engineering 2016; XLVIL:497 | OPEN 8 ACCESS



Impact of Alternative Fungicides on Grape Downy Mildew Control and Vine Growth

and Development 2 0 1 2

Gianfranco Romanazzi, Valeria Mancini, Erica Feliziani, Andrea Servili, Solomon Endeshaw, and Davide Neri, Department of Agricul-
tural, Food, and Environmental Sciences, Marche Polytechnic University, 60131 Ancona, Italy

Abstract

Romanazzi, G., Mancini, V., Feliziani, E., Servili, A., Endeshaw, S., and Neri, D. 2016. Impact of alternative fungicides on grape downy mildew control
and vine growth and development. Plant Dis. 100:739-748.
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I valori seguiti da lettere diverse nella stessa colonna sono significativamente diversi in base all'HSD di Tukey (P<0,05).

Lam = laminarina, O = idrossido di rame/ossido di rame, E = estratto microbico di Saccharomyces spp., M = microrganismi (Glomus
spp., Bacillus subtilis, Streptomyces spp., Trichoderma spp., Pichia pastoris)






Impact of Alternative Fungicides on Grape Downy Mildew Control and Vine Growth
and Development 2013

Gianfranco Romanazzi, Valeria Mancini, Erica Feliziani, Andrea Servili, Solomon Endeshaw, and Davide Neri, Department of Agricul-
tural, Food, and Environmental Sciences, Marche Polytechnic University, 60131 Ancona, Italy

Abstract
Romanazzi, G., Mancini, V., Feliziani, E., Servili, A., Endeshaw, S., and Neri, D. 2016. Impact of alternative fungicides on grape downy mildew control
and vine growth and development. Plant Dis. 100:739-748.
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I valori seguiti da lettere diverse nella stessa colonna sono significativamente diversi in base all'HSD di Tukey (P<0,05).
Lam = laminarina, O = idrossido di rame/ossido di rame, E = estratto microbico di Saccharomyces spp., M = microrganismi (Glomus
spp., Bacillus subtilis, Streptomyces spp., Trichoderma spp., Pichia pastoris)






TAKE HOME MESSAGE

Il chitosano cloridrato ¢ in grado di contenere
la peronospora della vite piu o meno allo
stesso livello del rame nei trattamenti
parcellari con volume standard (1000 1/ha)
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Use of Chitosan and Other Natural Compounds Alone or in Different Strategies 2014
with Copper Hydroxide for Control of Grapevine Downy Mildew - '

Gianfranco Romanazzi,"" Valeria Mancini,' Renzo Foglia,! Diego Marcolini,' Mojtaba Kavari,? and Simone Piancatelli!

! Department of Agricultural, Food and Environmental Sciences, Marche Polytechnic University, Via Brecce Bianche, 60131 Ancona, Italy
2 Ferdowsi University of Mashhad, Mashhad, Iran
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TAKE HOME MESSAGE

0,5% e 0,8% di chitosano non differivano in
efficacia, I'ultimo applicato durante tutta la
stagione ha ridotto la crescita delle piante (ed
¢ p1u costoso)
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J OURNA AL o F

AGRICULTURAL Ano
FOOD CHEMISTRY

Chitosan and Laminarin as Alternatives to Copper for Plasmopara
viticola Control: Effect on Grape Amino Acid

T. GardE«Ce’rdin,*'T‘i’) V. Mancini,* M. Calrrasccqul.u'1'02,§ A. Servili," G. Gutiérrez-Gamboa,” R. Pogliaft
E. P. Pérez—Alvare:z,T and G. Romanazzi*™

Tnstituto de Ciencias de la Vid y del Vino (CSIC-CAR-UR), Carretera de Burgos Km. 6, 26007 Logrofio, Spain
iDepm‘tment of Agricultural, Food and Environmental Sciences, Marche Polytechnic University, 60121 Ancona, Italy
$Centro Tecnoldgico de la Vid y el Vino, Facultad de Ciencias Agrarias, Universidad de Talca, Av. Lircay S/N, Talca, Chile

J. Agric. Food Chem. 2017, 65, 7379-7386

Dr. Sandro Nardi, Servizio
Fitosanitario, Regione Marche

PRINCIPALI RISULTATI

Il rame ha ridotto la quantita di aminoacidi liberi
nel mosto, mentre il chitosano e la laminarina no



L 317/16 Official Journal of the European Union 14.12.2018
COMMISSION IMPLEMENTING REGULATION (EU) 2018/1981
of 13 December 2018
renewing the approval of the active substances copper compounds, as candidates for substitution,
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 the Annex to
Commission Implementing Regulation (EU) No 540/2011

(10) It has been established with respect to one or more representative uses of at least one product for each of the
copper compounds that the approval criteria provided for in Article 4 of Regulation (EC) No 1107/2009 are
satisfied. It is therefore appropriate to renew the approval of copper compounds.

(11)  The risk assessment for the renewal of the approval of cop; . .
resentative uses, which however do not restrict the uses fos Date Of EXplI‘atlon Of
compounds may be authorised. It is therefore appropriate tc
bactericide. approval approval

(12) The Commission, however, considers that copper comp
Article 24 of Regulation (EC) No 1107/2009. Copper ! b
accordance with points 3.7.2.1 and 3.7.2.3, respectively, o ]. ]anl.lal’y 31 Decem er
that the half-life in soil is greater than 120 days and the lo
organisms is less than 0,01 mg/L. Copper compounds ther 20 ]_ 9 20 2 5
point 4 of Annex II to Regulation (EC) No 1107/20009.

(13) It is therefore appropriate to renew the approval of copper compounds as candidates for substitution pursuant to
Article 24 of Regulation (EC) No 1107/2009.

(14)  In accordance with Article 14(1) of Regulation (EC) No 1107/2009 in conjunction with Article 6 thereof, and, in
the light of current scientific and technical knowledge, it is, however, necessary to include certain conditions and
restrictions.

(15) It is, in particular, appropriate to restrict the use of plant protection products containing copper compounds to

a maximum application rate of 28 kg/ha of copper over a period of 7 years (i.e. on average 4 kg/ha/year) in
order to minimise the potential accumulation in soil and the exposure for not target organisms, while taking into
account agro-climatic conditions occurring periodically in Member States leading to an increase of the fungal
pressure. When authorising products Member States should pay attention to certain issues and strive for the
minimisation of application rates.



La gestione della peronospora della vite in Italia richiede fino a
15 applicazioni di rame all'anno




Progetto VITINNOVA (2019-2023)

Obiettivi

» Ridurre la quantita di rame utilizzato per combattere la
peronospora nei vigneti biologici attraverso 1'applicazione di
chitosano

» Valutare l'efficacia del chitosano applicato in diverse strategie:
alternato o combinato con prodotti a base di rame e irrorato
da solo

@@ www.vitinnova.it — [3 Vitinnova — ¥ rvitinnova




Vigneti sperimentali

Chitosano da solo: 0,50%; combinato con rame: 0,25% || Aziendale (rame)
Bl Combinato

B Alternato

Vigneto Moncaro, I Chitosano
Castelplanio B Testimone
(AN)
Vigneto Moncaro,
Cultivar: Angeli di Varano
Verdicchio (AN)
Cultivar:
Montepulciano
Vigneto Belisario,
Matelica (MC)
Cultivar:
Verdicchio

A e 0 ° e 0 fh'rmf e 0
0 www.vitinnova.it — H Vitinnova — 9 rvitinnova




?*SCHEMA SPERIMENTALE 2020 2021

» Tesi A - Testimone non trattato

»>Tesi B - Testimone aziendale (a base di rame)

»Tesi C - Trattamenti a base di solo chitosano (Chitosano denso,
Agrilaete, 0,5%)

»Tesi D - Trattamenti alternati (a base di rame nella prima meta della
stagione poi trattamenti a base di chitosano)

»Tesi E - Trattamenti con rame + chitosano combinati: miscela di
rame a meta della dose massima di etichetta e chitosano a

concentrazione dimezzata

rvitinnova

@ www.vitinnova.it — [[J Vitinnova — ¥
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Indici di Mckinney (%)

Infezioni da peronospora su cv.Verdicchio del
vigneto di Castelplanio (AN) — 27 luglio 2020
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Presenza di rame su uve cv. Verdicchio del
vigneto di Castelplanio (AN)

a
b
C C I_

Non trattato ~ Aziendale (rame) Chitosano Alternato: 6 rame Rame + chitosano
+ 6 chitosano combinati

Analisi svolte dalla cantina Terre Cortesi Moncaro



Prove di compatibilita in laboratorio

Principi attivi saggiati

Idrossido di rame

Solfato di rame neutralizzato

Solfato di rame tribasico

Ossicloruro di rame

Ossido rameoso

Solfato tribasico + i1drossido di rame

Olio essenziale d1 arancio dolce

Zolfo bagnabile

Zolfo liquido

Prima prova

Combinazioni fra chitosano denso allo

0,5% di p.a. e ed agrofarmaci alla dose
massima di etichetta (DP)

Seconda prova

Chitosano denso n 4 diverse
concentrazioni: 0,1%, 0,25%, 0,5% e 1%
piu agrofarmaci alla DP

Terza prova

Chitosano denso allo 0,5%, variando le dosi
degli agrofarmaci: DP/4, DP/2 e DP

Quarta prova

Chitosano denso a varie concentrazioni
0,1%, 0,25%, 0,5% e 1% di p.a., miscelato
con agrofarmaci a base di rame a diversi
dosaggi: DP/10, DP/4, DP/2 e DP




Prove di compatibilita in laboratorio

Le prove sono state condotte in volumi da 1L mantenendo 1 prodotti in
continua agitazione al momento dell’unione. Le miscele ottenute poi
sono state osservate dopo circa 10 minuti di fase stazionaria cosi da
classificarle secondo I’affinita dimostrata.

Principi attivi saggiati

Compatibilita

Idrossido di rame

Bassa. Buoni risultati solo a basse concentrazioni (DP/10)

Solfato di rame neutralizzato

Bassa. Buoni risultati solo a basse concentrazioni (DP/10)

Solfato di rame tribasico

Media. Da verificare la combinazione

Ossicloruro di rame

Buona

Ossido rameoso

Buona

Solfato tribasico + idrossido di

Medio-bassa. Solo alcune combinazioni danno buoni

rame risultati
Olio essenziale di arancio
Buona
dolce
Zolfo bagnabile Media. Da verificare la combinazione

Zolfo liquido

Buona




Prove di compatibilita in laboratorio

ONTROLLO Solfato Solfato Solfato
Chitosano BRG] di Cu tribasico Ossicloruro Ossido tribasico di Cu
0,5% di Cu neutralizzato di Cu di Cu rameoso + idrossido

Combinazioni di chitosano denso 0,5% + prodotti cuprici DP






Prove di compatibilita in campo

19 e 29 aprile presso ’azienda 5 maggio presso 1’azienda
Moncaro-Castelplanio (AN) Belisario-Matelica (MC)




Prove di compatibilita in campo

[l sistema di miscelazione € di cruciale importanza

Prodotti aggiunti tal quali in Diluizione separata di rame e
botte chitosano denso




Prove di compatibilita in campo

La miscela scelta per 1 trattamenti combinati ¢ stata: Chitosano
denso 0,25% + ossicloruro di rame DP/2




Prove di compatibilita in campo

I risultati delle prove di campo rispecchiano quelli ottenuti dalle prove di
laboratorio

Combinazioni testate o
Chitosano Principi attivi Compatibilita
Ossicloruro di rame Buona
Ossido rameoso Buona
Solfato tribasico di rame Media
0,25% Solfato di rame neutralizzato Bassa
Ossicloruro + idrossido di rame Media
Ossicloruro di rame + zolfo liquido Buona
Ossido rameoso + zolfo liquido + zolfo in polvere Bassa




Infezioni da peronospora su:

cv. Verdicchio del vigneto di Castelplanio (AN) c¢v. Montepulciano del vigneto di Angeli di
— 15 luglio 2021 Varano (AN) — 14 luglio 2021
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Chitosan, a Biopolymer With Triple
Action on Postharvest Decay of Fruit
and Vegetables: Eliciting,
Antimicrobial and Film-Forming
Properties

Gianfranco Romanazzi'*, Erica Feliziani' and Dharini Sivakumar®
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Comprenensive
REVIEWS

WILEY

COMPREHENSIVE REVIEWS IN FOOD SCIENCE AND FOOD SAFETY

Chitosan and postharvest decay of fresh fruit: Meta-analysis
of disease control and antimicrobial and eliciting activities

Razieh Rajestary” | Lucia Landi’ | Gianfranco Romanazzi ®

CHITOSAN AND POSTHARVEST DECAY OF FRESH FRUIT. ..

atwiona
1% chitosan  Control
Study of Mean Difference Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% ClI
1.1.1 Botrytis cinerea
Feliziani 2013. 10 132288 7 70 132288 7 24% -60.00[-73.86,-46.14] ——
Flores 2018 1122474 6 58 122474 6 24% -57.00[-70.86,-43.14) =
Kanetis 2017 524 122474 6 90 122474 6 24% -37.60[-51.46,-23.74) —
Kanetis 2017. 67.3 122474 6 90 122474 6 24% -22.70[-36.56, -8.84] —
Munhuweyi 2017. 1 122474 6 100 122474 6 24% -99.00[-112.86,-85.14] ——
Xu 2007 60 122474 6 80 122474 6 24%  -20.00 [-33.86,-6.14] ——
Subtotal (95% CI) 37 37 146% -49.38 [-72.98, -25.79) o
Heterogeneity: Tau® = 819.36; Chi’ = 86.94, df = 5 (P < 0.00001); I = 94%
Test for overall effect: Z = 4.10 (P < 0.0001)
1.1.2 Penicillium spp.
Abdel-Kader 2011 083 111803 5 90 11.1803  § 24% -89.17[-103.03,-75.31]
Abdel-Kader 2011 0.73 11.1803 5 90 11.1803 5 24% -89.27 [-103.13,-75.41]
Madanipour 2019 25 122474 6 100 12.2474 6 24% -75.00 -88.86,-61.14]
Munhuweyi 2017 1122474 6 100 122474 6  24% -99.00(-112.86,-85.14] ——
Nisia ce 2012 10 86603 3 100 86603 3 24% -90.00(-103.86, ———
Shao 2015 30 25 25 100 25 25 24% -70.00(-83.86, -56.14] =
Waewthongrak 2015 11 86603 3 222 86603 3 24%  -21.10[-34.96, -
Wang 2014 58 5 9 100 15 9 24% -42.00(-55.86, —
Xing 2011 185 86603 3 100 86603 3 24% -81.50[-95.36,-67.64] ==
Subtotal (95% CI) [ 65 22.0% -73.00 -89.71, -56.30] -
Heterogeneity: Tau® = 603.88; Chi* = 104.62, df = 8 (P < 0.00001); I* = 92%
Test for overall effect: Z = 8.56 (P < 0.00001)
1.1.3 Colletotrichum spp.
Al 2014 541 63.2456 160 888 632456 160 24% -34.70 [-48.56, -20.84) —
Al 2015 44 111803 5 5 111803 5 24%  -0.60(-14.46, 13.26] .
Bill 2014 168 7.0711 2 822 7.0711 2 24% -65.40(-79.26,
de Oliveira 2017 1 5 9 90 15 9 24% -89.00(-102.86,
de Oliveria 2017, 1 5 9 90 16 9 24% -89.00(-102.86,
de Oliveria 2017,, 1 15 9 90 15 9 24% -89.00(-102.86,
de Oliveria 2017., 1 5 9 90 15 9 24% -89.00-102.86,
de Oiveria 2017... 1 5 9 90 15 9 24% -89.00(-102.86,
Edirisinghe 2014 83 632456 160 5 632456 160 24%  3.30(-10.56, b
Gutierrez-Martinez 2017 55 111803 5 64 111803 5 24%  -090[-14.76,
Gutierrez-Martinez 2017, 14 111803 5 64 111803 5 24% -5.00 [-18.86, 8.86]
Gutierrez-Martinez 2017. 21 111803 5 53 111803 5 24%  -3.20(-17.06, 10.66)
Jitareerat 2007 333 158114 10 666 158114 10 24% -33.30(-47.16,-19.44] —
Magbool 2010 1223607 20 83 223607 20 24% -7.30 [21.16, 6.56] -1
Mohamed 2013 15 86603 3 90 86603 3 24% -75.00[-88.86,-61.14] ==
Munoz 2009 503 27.3861 30 58.08 27.3861 30 24% -7.78 [-21.64, 6.08) —t
Ramos-Guerrero 2018 1122474 6 100 122474 6 24% -99.00(-112.86,-85.14] ——
Rehman 2008 18 158114 10 100 158114 10 24% -82.00(-95.86,-68.14] —r—
Varela 2015 311 122474 6 644 122474 6 24% -33.30[-47.16,-19.44] ——
Xoca-orozco 2018 166 86603 3 755 86603 3 24% -58.90 [72.76,-45.04] ==
Zahid 2012 42 63.2456 160 100 632456 160 24% -56.00(-71.86, -44.14] ——
Zahid 2012, 48 632456 160 100 632456 160 24% -52.00 [-65.86, -38.14] ==
Zahid 2012. 50 632456 160 100 63.2456 160 24% -50.00 -63.86, -36.14] ——
Subtotal (95% C) 955 56.1% -48.18 [-62.83, -33.53] -
Heterogeneity: Tau? = 1234.91; Chi* = 565.36, df = 22 (P < 0.00001); I” = 96%
Test for overall effect: Z = 6.45 (P < 0.00001)
1.1.4 Alternaria spp.
Feliziani 2013, 31 132288 7 80 132288 7 24% -49.00[-62.86,-35.14) -—
Lopez 2013 22 111803 5 388 111803 5 24% -36.60 [-50.46,-22.74] ==
Yan 2011 10 86603 3 90 86603 3 24% -80.00(-93.86,-66.14] e
Subtotal (95% CI) 15 15 7.3% -55.20 [-80.50, -29.90] e
Heterogeneity: Tau” = 449.72; Chi* = 19.99, df = 2 (P < 0.0001); I = 90%
Test for overall effect: Z = 4.28 (P < 0.0001)
Total (95% CI) 1072 1072 100.0% -54.32 [-64.35, -44.28] >
Heterogeneity: Tau® = 1025.09; Chi = 860.07, df = 40 (P < 0.00001); I¥ = 95%. ) % & s

Test for overall effect: Z = 10.61 (P < 0.00001)

Test for subgroup differences: Chi = 5.34, df = 3 (P = 0.15), I = 43.8% 1% chitosan Control

FIGURE 3 Forest plot using the RavMan 5.3 software for random effects analysis related to the effectiveness of 1% chitosan on in vitro
mycelium growth. Botrytis cinerea, Penicillium spp., Colletotrichum spp. and Alternaria spp. were considered as subgroups. For Kanetis (2017),
Kader (2011), de Oliveria (2017), Gutiérrez-Martinez (2017) and Zahid (2012), several studies were included from each article into the subgroups.
1V, inverse variance; CI, confidence interval. The figure shows only the name of the first author and publication year. For complete citation see
the manuscript
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Study of Mean Difference Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Gray mold
Feliziani 2013, 23 519615 108 39 519615 108 20%  -1.60[-15.46,12.26) T
Feliziani 2013. 16 474342 90 25 474342 90  20% +9.00 [-22.86, 4.86) ==
Feliziani 2013 15 474342 90 23 474342 90 20% -8.00 [-21.86, 5.86] —XT
Foliziani 2015 65 474342 90 92 47432 90 20% -27.00(-40.86,-13.14) —
Gao 2013 4 193649 15 25 19.3640 15  20%  -21.00(-34.86,-7.14] T
Gramisci 2018 70 387208 60 90 387298 60 20%  -20.00(-33.86,-6.14] —_—
Hajji 2018 50 27.3861 30 80 27.3861 30 20% -30.00[-43.86,-16.14] —
Kanetis 2017, 32 67.082 180 85 67.082 180 20% -23.00 (-36.86, -9.14) T
Kanetis 2017, 18 67082 180 39 67.082 180 20%  -21.00(-34.86,-7.14] e
Romanazzi 2013 20 866025 300 63 866025 300 20% -43.00(-56.86, -29.14] —
Shao 2012. 70 387298 60 100 387298 60 20% +30.00 [43.86, -16.14] b

2017, 46 821584 270 100 821584 270 20% -54.00 [67.86, 40.14) e
Subtotal (95% CI) 1473 1473 24.5% -23.97 [-32.25, -15.68] ’
Heterogeneity: Tau® = 164.52; Ch* = 47.19, df = 11 (P < 0.00001); I = 77%
Tost for overall effect: 2 = 567 (P < 0.00001)
1.1.2 Blue /Green mold
€1 Guilli 2016 25 S0 100 100 50 100 20% -75.00(-88.86, -61.14]
Feliziani 2013,. 33 519615 108 48 519615 108 20%  -1.50(-15.36, 12.36]
Gramisci 2018, 75 387298 60 90 387298 60 20%  -15.00(-28.86,-1.14]
Kharchoufi 2018 88 173205 12 100 17.3205 12 20%  -12.00 [-25.86, 1.86]
Liu 2018, 1 948683 360 275 948683 360 20% -26.50(40.36, -12.64]
Lu 2014 30 30 36 7% 30 36 20% -45.00(-58.86, -31,14)
Lu 2014, 18 0 3% 58 30 36 20% -40.00(-53.88, -26.14]
Lu2014, 24 0 38 58 30 38 20% -34.00[47.86, -20.14]
Romanazzi 2013 4 866025 300 48 866025 300 20% -44.00(-57.86,-30.14]
Chéfer 2012 80 223607 20 90 223607 20 20%  -10.00(-23.86,3.86]
Shao 2012, 77 387298 60 90 387298 60 20%  -13.00(-26.86,0.86]
Shao 2015 40 273861 30 100 27.3861 30 20% -60.00[-73.86, <6.14]
Shi 2018 80 547723 120 85 547723 120 20% +5.00 [-18.86, 8.86]
Wang 2014 10 821584 270 23 821584 270 20%  -13.00(-26.86,0.86]
Xing 2011 276 612372 150 922 612372 150 20% -64.60(-78.46,-50.74)

2017, 65 821584 270 100 821584 270 20% -35.00[48.85, -21.14]
Subtotal (95% CI) 1968 1968 32.7% -30.85 (41.91,-19.79)

Heterogeneity: Tau® = 469.94; Ch = 162.98, of = 15 (P < 0.00001): I* = 90%

Test for overall effect: Z = 5.46 (P < 0.00001)

1.1.3 Rhizopus rot

Cia 2010 66 316228 40 86
Ramos-Garcia 2012, 33 50 100 91
Ramos-Garcia 2012, 51 50 100 62
Romanazzi 2013. 8 866025 300 48
Xing 2015 30 1732081 1200 45
Subtotal (95% C1) 1740

316228
50

50
86,6025
1732051

1740

Hetorogenoity: Tau® = 340.70; Chit = 31.26, df = 4 (P < 0.00001); I = 87%

Test for overall effect Z = 3.26 (P = 0.001)

1.1.4 Anthracnose

Al 2015 20 212132 118 70
Bil 2014 65 316228 40 90
Edirsinghe 2014 20 894427 320 70
Gutierrez-Martinez 2017 20 83666 280 100
Gutierrez-Martinez 2017, 1 83666 280 100
Gutierrez-Martinez 2017. 1 83666 280 20
Magbool 2010 5 67082 180 65
Obianom 2019 40 80 256 70
Zahid 2012 40 632456 160 60
Zahid 2012, 20 632456 160 60
Zahid 2012., 20 632456 160 60
Subtotal (95% CI) 2134

21.2132
316228
89.4427
83.666
83.666
83.666
67.082
80
63.2456
63.2456
63.2456

Heterogeneity: Tau® = 586.25; Chi* = 127,25, af = 10 (P < 0.00001), I = 92%

Test for overall effect: Z = 6.13 (P < 0.00001)

1.1.5 Alternaria rot

Feliziani 2013,, 33 519615 108 48
Guo 2017 6 1224745 600 7
Lopez-Mora 2013 80 50 100 100
Meng 2010 86 387298 60 100
Yan 2011 81 948683 360 87
Subtotal (95% CI) 1228

Heterogeneity.
Test for overall effect Z = 2.30 (P = 0.02)

Total (95% CI)} 8543

51.9615
122.4745

Tau'= 18.50; Chid = 5.48, df = 4 (P = 0.24); " = 27%

8543

Heterogeneity: Tau® = 450.36; Chi* = 480.34, df = 48 (P < 0.00001); ' = 90%

Test for overall effect: Z = 9.46 (P < 0.00001)

Test for subgroup differences: Chi® = 27.02, df = 4 (P < 0.0001), I" = 85.2%

20%

20%
20%
20%
10.2%

20%
20%
20%
20%
20%
20%
20%
20%
20%
20%
20%
22.4%

100.0%

-20.00 [-33.86, -6.14]
-58.00 [-71.86, -44.14]
~11.00 [-24,86, 2.86]
-40.00 [-53.86, -26.14)
-15.00 (-28.86, -1.14]
+28.80 [«46.13, -11.47)

-50.00 [-63.86, -36.14)
25,00 [-38.86, -11,14)
-50.00 [-63.86, -36.14]
-80.00 [-93.86, -66.14]
-99.00 [-112.86, -85.14] +—
-19.00 [-32.86, -5.14]
60,00 [-73.86, -46.14]
+30.00 [43.86, -16.14)
~20.00 [-33.86, -6.14]
40,00 [-53.86, -26,14]
-40.00 [-53.86, -26.14]
-46.64 [-61.54, -31.73]

+1.50 [-15.36, 12.36]
+1.00 [-14.86, 12.86]
-20.00 -33.86, -6.14)
-14.00[-27.86, -0.14]

-6.00 [-19.86, 7.86]
-8.50 [-15.75, -1.25)

-30.22 [-36.48, -23.96)

-
>
<>
50 25 25 50
1% chitosan Control

FIGURE 2 Forest plots using the RavMan 5.3 software for random effects analysis related to the effectiveness of 1% chitosan on disease
incidence. Gray mold, blue/green mold, Rhizopus rot., anthracnose and Alternaria rot were considered as subgroups. For Feliziani (2013),
Kanetis (2017), Lu (2014), Shao (2012), Ramos-Garcia (2012), Gutiérrez-Martinez (2017) and Zahid (2012), several studies were included from
each article into the subgroups. IV, inverse variance; CI, confidence interval. The figure shows only the name of the first author and publication

year. For complete citation see the manuscript
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1% chitosan Control
Study of Mean Difference Mean Difference
Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Silva 2018 104 77.4597 240 96.15 77.4597 240 3.7% 7.85(-6.01,21.71) -
Bill 2014 186.31 316228 40 12.86 316228 40 3.7% 173.45[159.59, 187.31) e
Jongsri 2017 96.29 19.3649 15 103.84 19.3649 15  37% -7.55[-21.41,6.31] B |
Landi 2014 200 316228 40 50 316228 40 3.7% 150.00[136.14, 163.86) -
Shao 2015 61 19.3649 15 163 19.3649 15  3.7% -102.00 [-115.86, -88.14) &
Shen 2017 115.38 47.4342 90 86,66 474342 90 3.7% 28.72[14.86, 42.58) -
Song 2016 100 43.3013 7% 100 43.3013 7%  3.7% 0.00 [-13.86, 13.86) ko
Waewthongrak 2015 130.76 27.3861 30 7647 27.3861 30 3.7% 54.29 [40.43, 68.15] -
Zahid 2015 11538 27.3861 30 866 27.3861 30 3.7% 28.78 [14.92, 42.64) A
Subtotal (95% CI) 575 575 33.3%  37.06 [-17.28, 91.40] -

Heterogeneity: Tau? = 6868.38; Chi* = 1106.94, df = 8 (P < 0.00001); I* = 99%
Test for overall effect: Z = 1.34 (P = 0.18)

1.1.2 Chitinase

Ali 2014 222.2 387298 60 45 38.7298 60 3.7% 177.20[163.34, 191.06] ™
Bill 2014 195.06 31.6228 40 51 31.6228 40 3.7% 144.06 [130.20, 157.92) -
Feliziani 2013 123.3 47.4342 90 81.06 47.4342 90 3.7% 42.24 (28.38, 56.10) P

Feliziani 2013, 124.81 474342 90 80.11 47.4342 90 37% 44.70 [30.84, 58.56] >

Feliziani 2013. 113.8 47.4342 90 87.26 47.4342 920 3.7% 26.54 (12.68, 40.40) -

Hewajulige 2009 173.91 27.3861 30 57.5 27.3861 30 3.7% 116.41[102.55, 130.27] £y
Jongsri 2017 100 12.2474 6 100 12.2474 6 37% 0.00 [-13.86, 13.86) T

Landi 2014 200 31.6228 40 50 316228 40 3.7% 150.00 [136.14, 163.86] ™
Shao 2015 108.23 19.3649 15 9239 19.3649 15 37% 15.84 [1.98, 29.70) >

Shen 2017 1235 27.3861 30 8095 27.3861 30 3.7% 42.55 [28.69, 56.41] *

Subtotal (95% CI) 491 491 37.0% 75.95 [36.18, 115.73] <
Heterogeneity: Tau” = 4068.05; Chi* = 741.25, df = 9 (P < 0.00001); I* = 99%

Test for overall effect: Z = 3.74 (P = 0.0002)

1.1.3p-1,3-Glucanase

Ali 2014 325 38.7298 60 30.76 38.7298 60 3.7% 294.24 [280.38, 308.10] o
Bill 2014 228.8 31.6228 40 437 31.6228 40 3.7% 185.10([171.24, 198.96) -
Hewajulige 2009 250 27.3861 30 40 27.3861 30 3.7% 210.00 [196.14, 223.86] Ead
Jongsri 2017 100 12.2474 6 100 12.2474 6 37% 0.00 [-13.86, 13.86] d

Landi 2014 200 31.6228 40 50 31.6228 40 3.7% 150.00 [136.14, 163.86) -
Shao 2015 100 193649 15 100 19.3649 15 3.7% 0.00 [-13.86, 13.86) T™

Shen 2017 108.3 27.3861 30 923 27.3861 30 37% 16.00 [2.14, 29.86] >

Wang 2013 137.73 33.541 45 726 33.541 45  3.7% 65.13 [51.27, 78.99] -
Subtotal (95% Cl) 266 266 29.6% 115.06 [38.24, 191.88] e

Heterogeneity: Tau? = 12239.86; Chi* = 1720.58, df = 7 (P < 0.00001); I* = 100%
Test for overall effect: Z = 2.94 (P = 0.003)

Total (95% Cl) 1332 1332 100.0% 74.58 [41.15, 108.01) -«
Heterogeneity: Tau? = 7805.21; Chi* = 4084.71, df = 26 (P < 0.00001); I* = 99% R t r t T t

Test for overall effect: Z = 4.37 (P < 0.0001) 20 AW 0 20
Test for subaroup differences: Chi* = 2.82, df = 2 (P = 0.24), ' = 29.1% Control 1% chitosan

FIGURE 4 Forest plots using the RavMan 5.3 software for random effects analysis related to the effectiveness of 1% chitosan on plant
defense mechanism enzyme activities. Phenylalanine ammonia-lyase (PAL), chitinase and $3-1,3-glucanase were considerd as subgroups. For
Feliziani (2013) several studies were included from each article into the subgroups. IV, inverse variance; CI, confidence interval. The figure
shows only the name of the first author and publication year. For complete citation see the manuscript
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