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solutions to fungicides to control

F The research aims to find alternative  * Essential oils (EOs)
©/ postharvest pathogens of fruit crops - Biological control agents (BCAs)

Nectarines

Strawberries



Essential oils (EOs)

Mixtures of volatile organic compounds Sources of EOs include flowers, leaves,
(terpenes, aldehydes, ketones, fatty acids, roots, wood, rhizome, fruit, bark and
phenols, esters, alcohols) seeds

Present in over 50 botanical families
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Essential oils (EOs)

Evaluation of the efficacy of 5 EOs against brown rot caused by Monilinia
fructicola on stored nectarines W QD
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MED WASTE

Evaluation of the efficacy of 3 EOs and a thymol-based formulation against
gray mould caused by Botrytis cinerea on stored apples
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Efficacy of biofumigation with EOs in the control of postharvest rots
of nectarines

In vitro biofumigation test

\ 4

Screening test /n vivo
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lemon EO Efficacy test /n vivo

(Citrus x limon)
Basil EO Fennel EO

(Ocimum basilicum — (Foeniculum vulgare) Microbiome analysis
subsp. basilicum) :

Thyme EO Savoury EO
(Thymus vulgaris) (Satureja montana)




In vitro biofumigation test

Effect of EOs on the growth Monilinia
fructicola in vitro

EOs applied at different concentrations
(0,1%, 0,5%, 1%)

Sandwich plate technique

4 )

Thyme, basil, oregano and fennel EOs
inhibited the growth of Monilinia fructicola.
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Screening test /n vivo

Rot incidence (%) 14 days storage
25%

8 treatments:
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Efficacy test /n vivo

Selected from the results of
screening test

Basil EO Fennel EO Lemon EO

(Ocimum basilicum ( Foeniculum vulgare) (Citrus x limon)
subsp. basilicum)

Naturally contaminated fruits Storage at 1 £+ 1 °C for 28 days

Shelf-life at 25 + 1 °C for 5 days

6 treatments: i
- 3 treated with EOs biofumigation | »

- 1 chemical control (fludioxonil) Quality analyses Microbiome sampling
- 1 inoculated control at harvest, after storage, at harvest, after storage,
- 1 healthy control after shelf-life after shelf-life
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Efficacy test /n vivo

Agents of rots on nectarines after 5

Rot incidence (%) - 28 days storage days shelf-life
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Untreated control fludioxonil EO lemon EO fennel EQO basil

4% 2% 2%
7%

H Monilinia spp.
M Penicillium spp.
i Botrytis spp.

M Alternaria spp.

H Rhizopus spp.

Rot incidence (%) - 5 days shelf-life
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Quality analyses

: Firmness
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‘ B 400 . b b b b
2.00
EO vapors did not influence the overall quality of _ i- - i i
the nectarines, but showed slightly higher fruit 28 days storage 5 days shelf-life
firmness for treated fruits at the end of shelf-life
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Microbiome analysis

Evaluation of the effect of treatments on e

the fruit microbiome Epiphytes and endophytes sampling:
- Untreated control
- Basil EO treatment
- Fludioxonil treatment

3 time-points:

- Harvest

- End of storage
- End of shelf-life

2. DNA extraction

3. Sequencing of ITS2 region



Taxa
Other
unknown_Malasseziales
unknown_Fungi
unknown_Dothideomycetes
unknown_Didymellaceae

Epiphytes

100

Vishniacozyma
Trichoderma
Sporobolomyces
Rhodotorula
Podosphaera
Plectosphaerella
Penicillium

Neopestalotiopsis

Neonectria
Neocucurbitaria
Monilinia
Microstroma
Meyerozyma
Meira
Malassezia
Hanseniaspora
Fusarium
Filobasidium
Diplodia
Diaporthe
Cladosporium
Botrytis
Botryosphaeria
Aureobasidium
Aspergillus
Alternaria
Acremonium
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Raccolta

Testimone sano
Olio di basilico
Testimone chimico

Conservazione

Testimone sano

Olio di basilico

ShelfLife

Testimone chimico

The abundance of some
fungal genera was found to be
modified by fungicide and EO
treatments compared to the
control

Both treatments reduced the
abundance of Monilinia spp.,
especially during shelf-life.

Basil EO treatment seems to
favor the presence of
Penicillium spp. during shelf-
life.



Evaluation of the efficacy of 3 essential oils (EOs) and a thymol-
based formulation against gray mould caused by Botrytis cinerea on
stored apples
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In vivo evaluation of efficacy

Thyme EO Savoury EO

(Thymus vulgaris) (Satureja montana) "
g : Characterization of VOCs
o released during storage
HsC CHs :
~Basil EO Thymol-based l
(Ocimum basilicum formulation :

subsp. basilicum) : Microbiome analysis



In vitro biofumigation test

Evaluation of the effect of EOs and thymol-based
formulation on the growth of 2 strains of B. cinerea

EOs applied at different concentrations (0,1%, 0,5%, 1%)

Sandwich plate technique

( )

All products tested at 1% concentration inhibited
the growth of B. cinerea strains.

G J

a. Thymol-based formulation 0,1 %, 0,5%, 1%
b. Thyme EO 0,1 %, 0,5%, 1%

c. Savoury EO 0,1 %, 0,5%, 1%

d. Basil EO 0,1 %, 0,5%, 1%

e. Control




In vivo evaluation of efficacy

Rot incidence on apples 'Opal’
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control control thymol-based . . .
1% Effective in reducing rot
Essential oil treatments . .
incidence at 30 and 60 days
of storage

All the tested treatments did not significantly affect fruit guality
Schiavon et al., 2023, JoF



Characterization of VOCs released during storage

Composition analysis of EOs through GC-MS

R Thymol Characterization of volatile
l compounds released by EOs
o | Thymol Formulation during storage inside the
i cabinets
L B Basil EO
| Tcarvacrol SPME-GC-MS analysis

il . Savoury EO

\ Thyme EO ==
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20 25 30 35 40 45 .
Time (Minutes) Schiavon et al., 2023, JoF




CH3

OH

HsC CHs

Characterization of VOCs released during storage

Prodotto commerciale - timolo
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Microbiome analysis

1. Sampling

_ Epiphytes and endophytes sampling:
Evaluation of the effect of treatments on Uiresiee] el

the fruit microbiome - Inoculated control

- Thyme EO 1% treatment
- Thiabendazole treatment

J & 3 time-points:

- Harvest
- End of storage
- End of shelf-life

2. DNA extraction

3. Sequencing of ITS2 region

Schiavon et al., 2023, JoF
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Taxa
Other
unknown_Stictidaceae
unknown_Phaeosphaeriaceae
unknown_Mycosphaerellaceae
unknown_Leptosphaeriaceae
unknown_Helotiales
unknown_Elsinoaceae
unknown_Didymellaceae
unknown_Cystofilobasidiales
unknown_Ceraceosorales
unknown_Capnodiales
Zygophiala
Vishniacozyma
Tausonia
Taphrina
Ramularia
Pseudopithomyces
Pseudomicrostroma
Phaeosphaeria
Penicillium
Paraphoma
Paramyrothecium
Oculimacula
Nigrospora
Neosetophoma
Neofabraea
Muriphaeosphaeria
Mucor
Mrakia
Microstroma
Microcyclosporella
Golubevia
Genolevuria
Fusarium
Filobasidium
Exobasidium
Elsinoe
Diplodia
Debaryomyces
Cystofilobasidium
Cladosporium
Cadophora
Buckleyzyma
Botrytis
Aureobasidium
Alternaria
Acremonium
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Tiabendazole

Epiphytes

Thyme EO: reduction of
Botrytis spp.

Increased abundance and
Penicillium spp. in shelf-
life



Biological control

Use of microorganisms to reduce the effects of
undesirable organisms (pathogens or parasites)

Yeasts as Biological Control Agents (BCAs)

Tolerant to extreme conditions (low T, desiccation, wide
variations in RH, low oxygen, pH variations, UV radiation)

Adapted to the fruit microenvironment (high sugar AN
concentration, high osmotic pressure, low pH) -y {(-/ £

Produced in high quantities in fermenters N\ SO N A
No production of allergens or mycotoxins

Simple nutritional requirements to colonize host surface
for long periods



Biological Control Agents (BCAs)

Evaluation of the efficacy of treatments with antagonistic yeasts on
strawberries to control postharvest rots « | g
P \Q\\,,S 1P

MED WASTE

Evaluation of the efficacy of treatments with antagonistic yeasts on
nectarines to control brown rot caused by Monilinia fructicola

N, STESP
MED WASTE

Evaluation of the efficacy of treatments with antagonistic yeasts on grape to control
gray mould and evaluation of their bioprotection activity during winemaking




Evaluation of the efficacy of treatments with antagonistic yeasts
on strawberries to control postharvest rots

Screening trials /n vivo (2022)

TRIAL 1

- 7 treatments with yeasts of the collection of
Turin University

Storage at 1 + 1 °C for 7 days
Shelf-life at 24 + 1 °C for 2 days

- 1 biological control, treated with Noli
(Koppert, Metschnikowia fructicola)
- 1 untreated control

TRIAL 2

|
|
|
!
- 8 treatments with endophytic yeasts isolated |
from strawberries i
- 1 biological control, treated with Noli :

1 untreated control i




TRIAL 1

TRIAL 2

80%
70%
60%
50%
40%
30%
20%
10%

0%

80%
70%
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F. magnum
fructlcola

Il |

FROC MEL1A ROSS2C ROSS2D ALBA1B Biological Untreated

FR9A

u 7 days storage

FROB

m 7 days storage

CAR1

2 days shelf-life

u 2 days shelf-life

Biological Untreated

control
(Noli)

control
(Noli)

control

control

Selection of strains that
showed the highest biocontrol
efficacy

B Trial 1: MS and PL5

) Trial 2: FR4A and FR9B



Evaluation of the efficacy of treatments with antagonistic yeasts
on strawberries to control postharvest rots

Efficacy test /n vivo (2023)

- 4 treatments with the most effective yeasts
in the screening test (MS, PL5, FR4A, FR9B)

i - 1 biological control, treated with Noli
i (Koppert, Metschnikowia fructicola)

Storage at 1 £ 1 °C for 10 days
Shelf-life at 20 £ 1 °C for 2 days




Rot incidence

Rot incidence After 4 days of storage
90%
80% b  FR4A and MS treatments showed
70% a rot incidence significantly lower

50% than untreated control

50%

« Rot incidence for all treatments
comparable to the biological
control

40%

aTaaa
b b
30%

b a a aaaaa
20% ab ab a

a a aIa

- giinal 5 Nin A
0%

4 days 7 days 10 days Shelf life
u FR4A FR9B =MS w=PL5 wm=Biological control mUntreated control

After 7 and 10 days of storage
after shelf-life

All  treatments showed a rot

Values at the same time point, followed by the same letter, are not statistically different incidence Slgmﬁcantly lower than
according to Tukey HSD test. untreated control, comparable to the

biological control



Disease severity

Disease severity

25

20

0= healthy fruit
1= 1% — 25% fruit surface infected
2= 25% — 50% fruit surface infected

" 3= 50% — 75% fruit surface infected
0. i 4= > 75% fruit surface infected

a a a g a I ------------------------------------------------
o iiﬁ I iii iii

¥ days deys 10days Shelrlie Disease severity of all treatments was significantly lower
EFR4A =FR9B =mMS mPL5 mBiological control mUntreated control than that of the untreated control at all time points.

15

[4,]

o

Values at the same time point, followed by the same letter, are not statistically
different according to Tukey HSD test.



Quality analyses

* Firmness i
+ Total Soluble Solids (TSS) ... ot sotuble solids
* Titratable acidity

8%

6%

% °Brix

4%

All the tested treatments did .
not significantly affect fruit o%

quality

n.s.

Storage (10 days) Shelf-life (2 days)

Titratable acidity Firmness

1.20 0.30

0.80 0.20

22 0.60 E 0.15
&

0.40 0.10

0.20 0.05

0.00 0.00

Storage (10 days) Shelf-life (2 days) Storage (10 days) Shelf-life (2 days)

2

k

B MS B FR4A B FRO9B m PLS W Biological control (Noli) ® Untreated control

Values at the same time point, followed by the same letter, are not statistically
different according to Tukey HSD test

Microbiome analyses

Evaluation of the effect of
treatments on the fruit microbiome

Microbiome sampling

\ 4

DNA extraction

\ 4

Sequencing




Evaluation of the efficacy of treatments with antagonistic yeasts
on nectarines to control brown rot caused by Monilinia fructicola

Rot incidence (%) - 28 days storage
Screening test /n vivo

’ 40% C
35%

Screening test /n vitro

Rot incidence (%)
s
L
=
o

’ 15% |, a :
icacy test 1 N -
Icacy test /n vivo % I !
’ I
’ AP47 FR4A : I Healthy fludioxonil  Inoculated
\--—’ control control
Quality analyses Treatments
¥ After 28 days of storage, rot incidence for all treatments
Microbiome analysis was significantly lower than for inoculated control

MS treatment was the most effective



Evaluation of the efficacy of treatments with antagonistic yeasts on

grape to control gray mould and evaluation of their bioprotection
activity during winemaking

On grapes
AIMS OF THE WORK ‘
' i : Biocontrol ] AT L
v' Evaluation of the effectiveness of treatments with [ el
antagonistic yeasts on grape to control gray - |

mould caused by Botrytis cinerea

Baotrytls cineves, o luyvert
Aspergilius carbonanus,
Penicilu, )

First year (2020) . During fermentation
biological control assay

. . P o sharom
biological control assay + oy
{ v ("‘0 k Boliytis cinerea, Aspergillus spp.,

& —
W e — Brettancmyces/Dekkera spp.,

effect on the grape microbiome ,, imicssisenier
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PUehe 3y - : Candida spp.. Pichia spp.,
- «\} Acetobacter spp

Lactiplantibacillus plantarum, : |
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Evaluation of disease incidence

Rot incidence (%) First survey

Rot incidence for all treatments
statistically different from inoculated
control

MS (Metschnikowia pulcherrima) and
Prelude ( 7Torulaspora delbruekir)
treatments comparable to chemical
control.

o
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Final survey

Q
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Rot incidence for all treatments
statistically different from inoculated

fludioxonil +  Inoculated control
cyprodinil control

m7dpi = 14 dpi MS treatment comparable to chemical
control.
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Compositional analysis
Taxa
2 mmm Other Filobasidium
§ BN unknown_Dothideomycetes W Erysiphe
3 " Yamadazyma mm Diplodia
_§ Torulaspora mwm Diaporthe
o B Tilletiopsis Curvibasidium
'% " Sporobolomyces BN Cladosporium
- " Rhodotorula W Botrytis
B Pichia Botryosphaeria
B Metschnikowia W Aureobasidium
Hyphopichia Aspergillus
W Hanseniaspora i Alternaria
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Good development of all biocontrol agents

Shelf-life, Pichia

Development of Bofrytis spp. (inoculated)

Shelf-life, Torulaspora

Presence of Alternaria and Aureobasidium in
all samples

Shelf-life, inoculated control
Shelf-life, Aureobasidium
Shelf-life, Metschnikowia

Shelf-life, chemical control

Treatment group




Population of Hanseniaspora uvarum on grape

Determination of the population of H. uvarum
2 days after application of treatments

All treatments had a positive effect in
reducing the population of H. uvarum
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The lowest levels of H. uvarum were found in
samples treated with:

Pichia kluyveri FrootZen (PK)

Torulaspora delbruekii Prelude (TD)
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Take-home message

Double selection:

1. Biocontrol 2. Bioprotection
@ M. pulcherrima and T, delbrueckir @ T. delbrueckiiand P kluyveri
M. pulcherrima R kluyveri |
1. delbrueckii
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