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Trasferire le conoscenze che derivano dalla ricerca di base
all’applicazione in campo nel piu breve tempo possibile.

Integrazione delle strategie innovative (im particolare
semiochimici e semiofisici) con le tecniche di controllo
tradizionali o comunque gia collaudate.

Prospettare soluzioni comunque efficaci, ma solo dopo
averne verificata la sostenibilita anche economica.

Fitofagi refrattari al controllo, ovvero alla riduzione delle
loro popolazioni al d1 sotto delle soglie di danno.

Agroecosistemi di notevole importanza economica a livello
nazionale e di notevole estensione [pero (1), melo, pesco,
nocciolo, castagno (2), olivo, vite (2)].







Cacopsylla pyri male

 Pear plants damagéd by phytoplasma

Cacopsylla pyri (L.) (Hemiptera Psyllidae) is one of the
most important pests of European pear. In addition, C.
pyri 1s the main vector of ‘Candidatus Phytoplasma pyr1’
responsible for pear decline disease.

The management of this insect pest generally depends on
: a restricted number of insecticides and, although the
Fruit with honeydew — pymber of applications per year is not extremely high, a

roduced by C. pyri . .
‘;nd . miuld'p Y non-chemical control approach would be desirable.




Equipement for electroantennographic
recording
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Figure 2. Mean EAG (mV) dose-responses curve of
C. pyri males to female extracts in four ascending
doses (1.04, 2.08. 4.16, 8.32 female equivalents). Ver-
tical bars represent standard errors. Different letters
show significant differences. Student-Newman-Keuls
test (P < 0.05).
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Glass Y-tube olfactometer for behavioural bioassays
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Figure 1. Preference of responding C. pyri (expressed as a percentage) to odours: preference of responding males

and females to odours from specimens of the same sex vs clean air, respectively (black bars). Preference of re-

sponding males exposed to females vs clean air; and females exposed to males vs clean air: (gray bars). Preference
of responding males to female cuticular extract (4.16 f.e.): (diagonal lines bar).
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Figure 3. GC-MS analysis (overlapped) of cuticular extracts from both male (dotted line) and females (full lme)
€. pyri. The region of the GC-MS trace. i the range of 72-82 min. 1s magnified on the top right comer of the figure.

Cacopsylla pyri

Table 1. GC-MS analyses of selected peaks found in n-pentane extracts of C. pyr7 female and male. Retention times.
attribution, MS ions and Areag'Areay, ratio are reported.

peak t/LRI Compound Diagnostic ions Areag Areay,
76.2/2710 13-methylheptacosane 196; 224 (394. M) 11
76.9/2723 168/239; 196/267 (408, M") 14
78.3/2747 2-methylheptacosane 351,379 (394. M") 3
79.3/2765 3-methylheptacosane 365.379 (394. M) 14

te/LRI. retention time/ Linear Retention Index.
Areag/Areay,. ratio of peak area found in female extract GC-MS trace to peak area found in male extract GC-MS trace.
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Cacopsylla pyricola

Table 1 ldentification of hydro-
carbons and related compounds
m cubeular extracts of Cacop-
svlla pyricola. ldentifications of
compounds in boldface type
have been confinmed by matches
of retention indices and mass
spectra with those of authentic
standards

Retention index”

ldentibication

Diagnostic wons

2300
2400
2435
25043
2563
2581
2600
2638
2663
2700

tricosane
letracosane
docosanal
pentacosane
2-methylpentacosanc
3-methylpentacosanc
hexacosane
tetracosanal
2-methylhexacosane

heplacosane

324 [M']

337 (366, M)
366 [M']

352 [M']
337, 365 (380, M )
380 [M']

13-methylheptacosane

196/224 (394, M)

pentacosanal
2-methylhepmeosane
3-methylheptacosane
pelacosiane
urdentitied
urmdentitied
hexacosanal
2-methyloctacosane
DO COSH e

11-, 13- and 15-methyl-
NONACOSANe

heptlacosanal
2-methylnonacosane

F-methylnonacosane

148 (266, M)
351, 379, 394 [M']
365, 379 (394, M')
394 [M']

334, 362, 380 [M']
365, 393 (408, M")
208 [M']

168/280; 196/252; 224,
(422, M)

IT6(3M, M)
379, 407 (422, M")
393 (422, M)




Scheme of detection of the vibrational signal during C. pyri
courtship.

Dr. Stefano Civolani,
University of Ferrara,
supported by Shin-Etsu

QAT
T e

The recordings allowed to obtain two different
and characteristic vibrational patterns, emitted by
male (A) and female (B) of C. pyri. In presence of
the female, the males began the courting behavior
with the characteristic called. At the end of the call
signal the females responded with their
characteristic vibrational pattern (B). The females
repeated the signal until the male restarted his
calls. During this duet the male showed a search
behavior of the female. The female generally,
during the initial phases of the courtship, went
along the petiole of the leaf where, after repeated
calls, the male also arrived to mate.

B (B)

Typical vibrational pattern emitted by the male (A) and female (B) of C. pyri.




Mating disruption test under laboratory condition

The female vibrational signal was recorded as MP3 and conveyed, in loop using a prototype of
minishaker (Tremos ™ supplied by CBC Europe Srl) on pear shoots on which C. pyri virgin pairs
were placed, to interfere with the mating by masking the natural communications. The test lasted
5 consecutive days in the laboratory under the same photoperiod and temperature conditions used for
rearing (23° C; 16:8 L:D photoperiod). The control test was performed under the same laboratory
conditions but without the female vibrational signal.

Playback female
Dr. Stefano Civolani, vibrational signal

University of Ferrara,
supported by
Shin-Etsu




To evaluate the effectiveness of the mating disruption we estimated the mating
percentages (by identification of spermatozoa within the female spermatheca) with

respect to the control. Chi-square test shows a statistically significant reduction in mating
p <0.05) upon disruption.

| .;‘1, % Female reproductive system
B : of C. pyri with ovaries (A)
and spermatheca (B).

Dr. Stefano Civolani,
University of Ferrara,
supported by Shin-Etsu
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Mating
disruption

The integrated study of C. pyri communication systems (semiochemicals,

semiophysicals) can contribute to the development of new ecofriendly control
strategies







The main chestnut pest insects
Chestnut gall wasp;
Chestnut tortricid (early, middle and late) moths;
Chestnut weevils.

— —
™
4

Dryocosmus Pammene fasciana Cydia fagiglandana
kuriphilus Chestnut leaf roller Beech seed moth, Beech moth
Chestnut gall wasp

Cydia splendana Curculio elephas Curculio propinquus
Acorn moth, Chestnut fruit moth Chestnut weevil Chestnut weevil




Chestnut gall wasp

Dryocosmus kuriphilus Yasumatsu

Strong slowdown in the development of young plants
Significant reduction of wood growth

Substantial decrease in the number of fruits




Production (%) The decrease in the harvest (up to 90%) was due to the
100 - damages caused by the chestnut gall wasp and to the

contemporary adverse climatic conditions.

% of chestnut fruits damaged by C. fagiglandana and C. splendana




Cydia fagiglandana, Beech moth

Damages are variable with the year and dependent on the cultivar.

It 1s the most harmful species in the central-southern italian chestnut
areas on middle ripening cultivars.

During the last years, on middle-late chestnut cultivars damage
increased from 20 to 50% of production.
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Trap catches of males (by sex-attractants) and females (by light traps)
chestnut moths were recorded for several years (1984-2018)
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A typical seasonal flight patterns of male chestnut pest insects using
sex-attractant (moths) and light traps (weevil).
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Mating disruption

High levels of sex attractant Low levels of sex attractant
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High levels of sex attractants

were displaced in chestnut groves (8.0
ha) in Serino and Formicola (Avellino and Caserta provinces,
Campania Region) at the beginning of June (2009-2013).

Pedrazzoli F., Salvadori C., De Cristofaro A., D1 Santo P., Endrizzi E., Sabbatini
Peverieri G., Roversi P.F., Ziccardi A., Angeli G., 2012. A new strategy of
environmentally safe control of chestnut tortricid moths. /OBC wprs Bulletin, 74:
119-125. ISSN: 1027-3115




Sampling at the harvest time (15-25 October)

% damaged chestnut fruits

Year Treated Control
2009 (Serino, AV) 22 RY/
2010 ¢ ¢ 16 28
2011 « ¢ 19 36
2011 (Formicola, CE) 12 pA |
2012 « . 14 26
2013 ¢ 16 31

2013 (Ecodian) 9 33

The whole production of 3 chestnut trees in the center of the treated and
control areas were sampled.

The % of damaged chestnut fruits was significantly lower (Levene test,
ANOVA, LSD test, P<0.05) in the treated chestnut groves, but the damage
reduction was always lower than 50%, except for Ecodian in 2013.




Low levels of sex attractants

Ecodian® dispensers (ISAGRO) made of
Mater-Bi®, a completely biodegradable

biobased polymer for false trail following
(2.200/ha; 45 g of a.i./ha).







False trails following technique

Nylon wires 6 meters long were suspended by a telescopic pole to
the chestnut tree branches, each wire equipped with 10 Ecodian
dispensers; tests were made in 3 chestnut areas (4.0 ha); 2 ha were
pheromone treated and 2 ha were used as a control.




Sampling at the harvest time (15-25 October)

% damaged chestnut fruits

Chestnut groves area 2014 2015

Treated Control Treated Control

Montella (AV) 18 43 10 23

Roccadaspide (SA) - horizontal 21 56 15 38

Roccadaspide (CE) - vertical 12 56 9 38
Roccamonfina (CE) - 28 63 11 28

The % of damaged chestnut fruits was significantly lower (Levene test,
ANOVA, LSD test) in the treated chestnut groves, and the damage
reduction was always more than 50%.




Ecodian CT

Pheromone dispenser Ecodian CT™ (Isagro S.p.A.), a wire made up of a cellulose core
covered by Mater-Bi (Novamont S.p.A.), a completely biodegradable and compostable
bioplastic, containing the synthetic sex attractants E§E10-12:Ac and E§E10-12:OH.
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grams of meter
a.i./ha (n. wires/ha)

Control

Ecodian CT 600 Beginning of June
(100 wires)

Ecodian CT 900 Beginning of June
(150 wires)

Ecodian 2,200 Beginning of June

In 2016 tests were made 1n 3 chestnut groves (Montella,
Roccadaspide, Roccamonfina) of 8 ha, 2 ha/plot.

In 2017 and 2018 only Ecodian CT was tested.




Ecodian CT 900 m/ha

Ecodian CT 600 m/ha

Gancetti n. 2200/ha

Controllo

Roccamonfina (CE), cv Napoletana
% damaged fruit - harvest 29.09.16

* significant differences (P<0.05) (Levene test, ANOVA, LSD test).




Roccadaspide (SA) cv Marrone di Roccadaspide
% damaged fruits - harvest 12.10.2016

Ecodian CT 900 m/ha -

Ecodian CT 600 m/ha

Gancetti n. 2200/ha

Controllo

* significant differences (P<0.05) (Levene test, ANOVA, LSD test).




Montella (AV) cv Palummina
% frutti bacati - Rilievo alla raccolta- 12/10/17

Ecodian CT 900 m/ha

Ecodian CT 600 m/ha

* significant differences (P<0.05) (Levene test, ANOVA, LSD test).




Discharge curve of the active ingredients

Ecodian CT - Montella
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No interference between sex attractants of Cydia fagiglandana and C. splendana.

Heavy interference between sex attractants of Cydia spp. and Pammene fasciana.




ECODIAN® CT

DIFFUSORE DI FEROMONI PER IL DISORIENTAMENTO SESSUALE
DI Cydia fagiglandana e Cydia splendana

COMPOSIZIONE
E,E-8,10-dodecadienil acetato s 18,75 mg/metro di diffusore
E E-8,10-dodecadienclo. ..6,25 mg/metro di diffusore

ATTENZIONE: MANIPOLARE CON PRUDENZA

ISAGRO S.p.A. - Via Caldera, 21 - 20153 MILANO - Tel. 02 409011 (centr.) - 02 40901209 (emergenze)
Registrazione Ministero della Salute n* con validita dal

La confezione contiene 100 metri di filo diffusore.

Officina di produzione: Isagro Spa Aprilia (Lt)-GMP Plastic Sris (Romentino) Novara

Per evitare rischi per la salute umana e per 'ambiente, seguire le istruzioni per l'uso.
Consigli di prudenza (P): P102 Tenere fuori dalla portata dei bambini. P270 Non mangiare, né bere, né fumare durante 'uso. P420
Conservare lontano da altri materiali.

Il metodo del “disorientamento” consiste nella creazione di numerose tracce fi ich i j, tali da con quelle delle

femmine presenti, disorientando cosi | maschi nella loro ricerca. In questo modo, rendandn impossibile l'incontro tra i sessi, siimpediscono

gli acoopplamenta edi conseguenza lo sviluppo della pnpnlazmne ‘successiva, nociva alla coltura.

Il “disorier non con I’ e pud essere inserito sia nei programmi di difesa integrata che in quelii

dell'agricoltura biologica.

Il filo diffusore ECODIAN® CT & i in materiale bi dabile Mater-Bi* (marchio registrato Novamont S.p.A. — Novara) e
il Non p quindi i di accumulo nell’ambiente.

MODALITA’ APPLICATIVE
ECODIAN® CT si applica in appezzamenti di Castagno che ri inati requisiti e do le indicazioni di sequito riportate.

Ampiezza dell’appezzamento. La superficie degli i da a disor deve essere sup a 1ettaroe con

geometria regolare.

Epoca di applicazione

Il filo va installato prima dell'inizio dei voli. Considerato che il volo di Cydia it ha inizio medi: nella prima decade di

gmgnu mentre quello di Cydia splendana ha inizio in Iugl!o si consiglia I'applicazione del dispositivo entro i primi 15 giomi di giugno. Si
di nell' a le trappole modello Traplesl (2 trappole/ha per appezzamenti di 1

ettaro, e 1 trappola per ettaro in appezzamenl! di superficie iore) per i la dei voli dei fitofagi

Posizionamento del diffusore
Il dispositivo (filo) opportunamente tagliato in segmenti di circa 6 metri di lunghezza, deve essere agganmato a: (aml il pii1 alto possibile,
(si consiglia con I'ausilio di una asta telescopica). | segmenti vanno installati in maniera la pig nell’

Dosi di applicazione

La quantita di filo da installare per ettaro varia da 600 a 900 metri, in funzione della tipologia del (grandi

& piante di dimensione relativamente ridotta richiedono una quantitd piu bassa di filo per ettaro) e del grado di attacco del parassita
previsto o comunque registrato la stagione precedente (pill intensi gli attacchi previsti, pia alta la quantita di filo da installare per ettaro)

Durata del diffusore

La durata del diff & infl dai i climatici, in particolare temperatura, ventosita e livello di esposizione ai raggi solari. In
condizioni climatiche normali esso ha una durata di 70-80 giomi.

AVVERTENZA
L'efficacia di ECODIAN® CT put essere condizionata dai seguenti fattori:
impropria conservazione del diffusore;
non corretta sistemazione del diffusore;
ritardo nell' epoca di appllcazlone del diffusore;
forma, 3 degli enti;
intensita di i dell'anno p d
mancata osservazione delle |nd|&‘-1210m fornne dalle trappole e dai controlli visivi.

At the end of this
long story, in 2018 the
commercial product
has been released by
Isagro and authorised
by the Italian
Ministery of Health
for controlling Cydia
fagiglandana and
Cydia splendana in
chestnut groves.
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Lobesia botrana

Cryptoblabes gnidiella




[ dettagli metodologici sono analiticamente descritti in precedenti lavori:

De Cristofaro A., Anfora G., Germinara G.S., Cristofaro M., Rotundo G., 2003. Olfactory and behavioural responses of Phthorimaea operculella (Zeller) (Lepidoptera, Gelechndae) adults to
volatile compounds of Solanum tuberosum L. Phytophaga,13: 5361

De Cristofaro A., loriatti C., Pasqualini E., Anfora G., Germinara G.S., Villa M., Rotundo G., 2004, Electrophysiological responses of Cydia pomonella to codlemone and pear ester ethyl
(EZ)-24- decadienoate: penipheral interactions in theirperception and evidences forcells responding to both compounds. Bulletin of Insectology, 57(2): 137-144.

Vitagliano S., Anfora A., Tasin M., Germinara G.S., loriatti C., Rotundo G., De Cristofaro A., 2005. Electrophysiological and olfactory responses of Lobesia botrana (Den. Et Schiff))
(Lepidoptera Tortnicidae) to odours ofhost plant. JOBC wprs Bulletin, 28 (7); 429435

Anfora G., Tasin M., Bickman A-C., De Cristofaro A., Witzgall P., loriatti C., 2005. Attractiveness of year-old polyethylene Isonet sex pheromone dispensers for Lobesia botrana. Entomologia
Experimentalis et Applicata, 117:201-207.

Schmidt S., Anfora G., loriatti C., Germinara G.S. Rutuu(ln G., De Cristofaro A., 2007, Biological activity of ethyl (E,Z)-2 4-decadienoate on different tortricid species: electrophysiological

l\.'\|‘\‘|"-".|'\ 1eld tests. Environmental Entomology, 36 (5): 1025-1031.
Anfora G., Baldessari M., De Cristofaro A., Germinara G. S, loriatti C., Reggiori F., Vitagliano S., Angeli G., 2008, Control of Lobesia botrana (Lepidoptera: Tortricidae) by biodegradable
Ecodian sex pheromone dispensers. Journal of Economic Entomology, 101 (2): 444450,

I dati sono pubblicati o in corso di pubblicazione in numerosi lavori, cui si rimanda anche per gli opportuni approfondimenti:

Tasin M., Anfora G., loriatti C., Carlin §., De Cristofaro A., Schmidt S., Bengtsson M., Versini G., Witzgall P., 2005. Antennal and behavioural responses of Grapevine Moth Lobesia botrana females
to volatiles from grapevine. Journal of Chemical Ecology, 31 (1): 77-87.

Anfora G., TasinM., Baickmann A-C,, LeonardelliE., D((nstol.uu\ Lucchi A, loriatti C., 2008. Olfactory responses of Eupoecilia ambiguella(Hibner) (Lepidoptera Tortncidae) females to
volatiles from grapevine./OBC wprs Bulletin,36:233-230.

De Cristofaro A., Vitagliano S., Anfora G., Germinara G.S., Tasin M., Lucchi A., loriatti C., Rotundo G., 2008, Olfactory cells responding to the main pheromone component and plant volatiles m
Lobesia  botrana (Den. & Schift.): possible effects on momitoning systems. JOBC wprs Bulletin, 36: 245-249

Tasin M., Anfora, Backmann A-C., loriatti C., Leonardelli E.,De Cristofaro A., Pozzolini E., Lucchi A,, 2008. Grape volatiles dnve the ovipositionofthe vine moth femalesat a close range. J0BC
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Larino (CB) 2018-2021
Montenero di Bisaccia (CB) 2021
Fontanarosa (AV) 2021
Rutigliano (BA) 2021
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Montenero di Bisaccia (CB)
Montepulciano d’Abruzzo — untreated vs mating disruption




Sampling at the grape harvest (available data also for 1st and 2nd generation)

3rd generation

% damaged grapes

2018 (Larino, CB)
2018 (Larino, CB)
2018 (Larino, CB)
2019 (Larino, CB)

700 m, & 3.0 mm
1000 m, & 3.0 mm
1000 m, & 3.2 mm
1000 m, & 3.0 mm

Treated Control
9,3 (3,7)
9,3 (3,7)
9,3 (3,7)
5,3 (2,8)

2019 (Larino, CB)
2020 (Larino, CB)
2021 (Larino, CB)

1000 m, & 3.2 mm
1000 m, @ 3.0 mm
1000 m, & 3.0 mm, old type

3,3 (2,8)
7,0 3,7)
9,0 (3,5)

2021 (Larino, CB)

1000 m, & 3.0 mm, new type

9,0 (3,5)

2021 (Larino, CB)

700 m, D 3.0 mm, new type

(Montenero, CB) 1000 m, & 3.0 mm, new type

(Montenero, CB) 700 m, & 3.0 mm, new type
2021 (Rutigliano, BA) 1000 m, & 3.0 mm, new type

9,0 (3,5)
4,2 17,6 (1,8)
5,1 17,6 (1,8)
0,3 (1,0)

2021 (Rutigliano, BA) 700 m, & 3.0 mm, new type

0,5 (1,0)

The % of damaged grapes was significantly lower (Levene test, Bliss angular transformation,
ANOVA, Tuckey test, P<0.05; Levene test, ANOVA, LSD test) in the treated vineyards.
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No interference between sex attractants of Lobesia botrana and
Cryptoblabes gnidiella.




Distrazione Vantaggi della Ulteriori
sessuale confusione sessuale vantaggi

I I

- riduzione degli interventi con - uso di basse dosi di
insetticidi di sintesi; attrattivo sessuale
- diminuzione (22-25 g/ha);

Sostenibilita: dell’inquinamento; - adatto anche a piccoli

- tutela della fauna utile e della appezzamenti;

biodiversita: aumento della - erogatore
resilienza dell’agroecosistema;  biodegradabile
- riduzione o assenza di residui (esterno in Mater-Bi
- ECONOMICA di fitofarmaci nel prodotto ed anima d1
« AMBIENTALE finale; cellulosa): nessun

o - applicabilita in regime di costi di smaltimento;

agricoltura biologica ed - limitata possibilita di
integrata, insorgenza di

- risparmio di acqua e risparmio  popolazioni resistenti.
energetico.




per la cortese attenzione




