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Major concerns for the continued use of pre and postharvest fungicides
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Food Safety is a BigsueWorldwide

- Pesticide residues
- Microbial toxic materials
- Food- born




Supermarkets Campaign to Reduce Chemical
Residues in Fresh Produce

100% Legal MRL 100% Legal MRL

Maximal pesticide Residue Level requested by Maximal pesticide Residue Level requested by
[ — Supermarket chains in Italy Supermarket chains in Germany




Next-Generation Food and ABiotec

Moving from the Age of Chemistry to the Age of Biology

Antagonizing
~J plant pathogens

Controlling
multiple pest

p
est COntrol

The second green revoluti

Improving nutrient
absorption

Promoting plant
and root growth
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We are in the Center of Thriving Market
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Major Market Drivers for Postharvest
Biocontrol Products

x Food marketers/consumer demand
d Low chemical residues or even
chemical free

CHEMICALS IN YOURSHOPF
Foods most likely to have pesticide residues:
Oranges  97.98% [

Flour 7 96.83%
Pears 96.52% !
+ Pineapple 93.33% .
P ‘"4';‘( ~ Grapes 9133%
. ~ Apples 90.63% -
" 4/" DriedGrapes 80.95%
=-Ilff  Raspberries 7647%

N & Bread 73.61%

» & ': Carrots 72.97%
{Source PANUK S0 Peppers  70.27%

x Global biocontrol market is
steadily growing

Global biopesticide market

x Very strict legislation on pesticide I - TN R

residues in food

X Sustainability - more production Reshoce
with less input and less impact ok




Postharvest Biology and Technology 122 (2016) 22-29
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Postharvest Biology and Technology

EVI1E] journal homepage: www.elsevier.com/locate/postharvbio

The science, development, and commercialization of postharvest @ CrosMark
biocontrol products

Samir Droby®*, Michael Wisniewski”, Neus Teixid6®, Davide Spadaro?,
M. Haissam Jijakli®
PBT 2016), 310
Alternative management technologies for postharvest disease control: The journey
from simplicity to complexity

Michael Wisniewski.™ * Samir [eroby,b John Norelli,? Jia Liu.* Leonardo Schena d

(Special Issue)PostharvestBiology and Technology
Volume122 Pagedl-106 (December2016

Alternatives to the use of synthetic fungicides for the controf

postharvest decay of fruit and vegetables: current status and futynerspectives
Edited by:Pietro Tonutti, Samir Droby and GianfranBmmanazzi




Stages in the Discovery and Development of Biocontrol Products

Definethe Definethe host/s Market Metagenomics, Isolation/fruit Bioassay, fruit Cultures
problem and pathogen/s identification bioinformatics washings protection identification
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Concept design Discovery and selection

Patenting

Upscale
production Stabilization, formulation Commercial
!

fermentation and product concept scale testing
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Proof of concept Technology development

Lab testing Mode of action Smallscale Pilot Monitoring
on fruit elucidation tests tests o0l

Environmental

risk assessment, Product Product Product sales,

Production - ]
partner toxicology egistration design launching client adoption
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Technology transfer Commercial development

Commercial
partner/Licensing




Biological Control of Postharvest Pathogens

High prospects of success: o, I | .

X Postharvest environment and disease
etiology d conducive to microbial antagonists -

x Controlled conditions

x Defined target
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The Role of EpiphytiMicroflora in Protection
Against Postharvest Decay

1987 L
The effect of washing on decay development —

during storage of fruit o Y
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Isolating Antagonists from Fruit Surfaces
the Silver bullet approach

| (A

e N e St Sy /}
Features required : Single antagonist

y : .
Droby,Chalutz 1993 Rapid colonization of wounds

ScientaHort. 53: x Easy to grow
1831-1889 X Non-antibiotic producer

x Lack of medical history

Wilson, Wishiewski,
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This way

Reglstratlon <
i- |

Registration

Biological Control Products:
The long wayfrom the lab =W e
bench tothe market s H e

testing

Commercial
testing

The involvement of a
commercial company in the

S et i 2 Formulation
~ ‘ It

| : development process is
Up scale -
— 3 Q ‘ ; production crucial
| b & ]
R . & :
S - fé’srﬂrr:;erc'a' Average time 10-15years

Laboratory
testing

Coast : ~ $0million

\ Isolation &
screening
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PostharvestBiocontrol Products

Pre and postharvest applications

Developed jointly by ARO (Droby et al
and AgroGreen

LR o =1 2 o

aaaaaa

Candida saké€PAl
Liquid formulation

Product development was

successful
f

abeen Iimited

6} Agrauxine

LESAFFRE PLANT CARE


http://www.sipcam.es/web/index.htm
http://www.domca.com/index.php
http://www.neovatech.com/index.php

Commercial Product for Managing Pre and Rbsirvest Pathogens

Strawberry Meschnikowia ructicola Carro'rs

AgroGreen

LR S

in?

Registration in Europe: g ?, ,;
b JBotrytis
First phase . WNGoEe
France, Italy, Belgium, ‘ a
Netherlands. Citrus Acquisition

8 . .
@g;) Bayer CropScience

| <, i = . ! _
oYy | >
’ l: ( - |
Developed jointly by ARO (Droby et al | A8 .
and AgroGreen adf -2

Table grapes
Second phase B, |

Germany, Poland and
others

Reqistration for:
Soft fruit, stone fruit and
grapes

EPA approval in the U2Q18 ; EFSA approvalD19 product launching020¢
Renew registration in IsraeR020 trade nameNOLI




Commercial Efficacy Trials of Shemer/NOLI

Botrytis control- commercial observation

Development of Rhizopus rot on cherry tomato during shipment

3 days post spray 10 days post spray

Decayed fruit/ 10 m

NTC  Shemer

One acre plot

Control of decay in cold stored Oranges (cv Tarocco)
Commercial packing-house (SICILY)

100 %

Decay (%) ™

elegans

Synergistic effect of steam
and Shemer against Chalara

100 | |=m Non Treated Control

50 == Shemer / 20
= Imazalyl+wax / 15 o +
60

3
Decay (%)
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Storage at 10 C (days) Eshel et al, (2009). PBT 54: 48-52

(Treatments included a hot carbonate prewash)
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DECAY (%)

100

SHEMER with hot water pre-wash and additives
for improved Botrytis control on Peppers

30

20

Rot (%)

10 -

c

-

I HW I T HW + SHEMER
HWs SHEMER HW: SHEMER
+Add 1 +Add 2
Storage 7°CRH 95: 23 days
Shelf at 20C: 4days
Each treatment included 4 replicates of 5 kg peppers

Prevention of Rhizopus decay during storage
Organic packing-house
&
< NTC
—— Shemer (2 g/L)
———==- Shemer (2 g/L)+PBC(1g/L) . LSD0O0O5

Days after application



Hurdles in Scaling and Commercialization of Postharvest
Biocontrol Products

Large scale production and formulation
Inconsistencyin performance
Registration

Smallmarket share

Commercialization

Extensive
research activity

Enhancement and broadening biocontrol activity

X X X X X

Additives Physical | Combinations New formulations MOA
means



Hurdlesfacing widesparyeduse ofPostharvestBiocontrol
Products

Large scale production and formulation
Inconsistencyin performance
Registration

Smallmarket share

Commercialization

Extensive
research activity

Enhancement and broadening biocontrol activity

X X X X X

Additives Physical | Combinations New formulations MOA
means



Why Study the Mechanisms of Biocontrol Agents?

To obtain useful To obtain useful
genetic products genetic sequences

Basic studies
To determine the role of different
characters in the biocontrol system
Applicative / ﬁ:mprov!ng fefflcacl;yt-
commercial mpr.ovmg ormulations
ARegistration




Interactions in the biological control system

&
@

Tri-trophic
interactions



Understanding the mechanisms of action of postharvest
biocontrol agents

| ntibiotic ompetition for arasitism
Direct Antib C f P t /
actions production nutrient and space Direct interaction

Biocontrol agent

Indirect pathogenicity natural microbial Induction of
actions factors populations resistance

Effect of plant
tissue on
antagonist
metabolism




Antibiosis:

Largely associated with biocontrol
activity of bacterial antagonists

Bacillus subtilis —— lturin

phenazine

Pseudomonas cepacia —» .y
Pyrrolnitrin

Pseudomonas syringae —» Syringomycin E

(Burkholderia sp.)

Significance of antibiotics in the mode of
action in postharvest biocontrol systems still
not clear




Competition for Nutrients and Space

Iron depletion by Metschnikowia fructicola

B. cinerea

take of simple sugars, amino acids and organic
acids in fruit surface wounds



Direct interaction of the yeast antagonist witfungalmycelium

Pichia guilliermondii T Botrytis cinerea interactions

Production of celwall degrading enzymes
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Induction of Resistancéy yeast antagonists

PAL activity
(umoles cinnamic acid g h™)

25
20
15
10

—e— Water control
—&— C. ofeophila

0 24

48

Time (hours)

72

Production of ROS in response to wounding and treatment of
lemon fruit with Metschnikowia fructicola
Time after inoculation 18 h 42 h

<« umbelliferone
<~ scoparone

< scopoletin

ROS functlon as signaling molecules In
leading to specific downstreamesistance
responses



Modulation of volatile organic compounds (VOCSs) in fruit peel by
Metschnikowiafructicola

Abundance

Effect of isoamyl alcohol on spore germination and
growth of P. digitatum

i
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<
Ocimene

2e+07

Caryophyllene

1.5e+07

1e+07
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The Big Bang

Omics TechnologiesNew Opportunities to Study MicrobiaPlant Interactions
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Biocontrol of Postharvest Diseases: A Paradigm Shift

A Looking at the whole microbial population (microbiome) as one entity that act in
concert.

A Microbiome studies to be used to develop functional and spatially informed
consortia that support  plant health

A Can microbiome studies inform us about postharvest pathology (spatial and
genotypic resistance and susceptibility) ?

A Biocontrol Probiotics?

A oBiocontrol genes 6 controlling fruit microbiome ~ ?

Postharvest Biology and Technology 140 (2018) 107-112

Contents lists available at ScienceDirect

Postharvest Biology and Technology

ELSEVIER journal homepage : www.elsev ier.com/locate/postharvbio

The fruit microbiome: A new frontier for postharvest biocontrol and [ 70 |
postharvest biology =)

Samir Droby®*, Michael Wisniewski>"*

= Dept. Postharvest Science, of and Food Sci ARO, the Volcani Center, P.O. 15159, Rishon LeZion, 7505101, Israel
© USDA-ARS, Appalachian Fruit Research Station, Kearneysville, WV, 25430, USA



Moving from Simplicity to Complexity

: C What Is the impact of introducing a single microorganism on the fruit

microbiota? modify microbiota assembly on fruit surfacescreating
nealthy ‘microbiome?

ﬁ(; What are the interactions that are taking place in thmathosysten?

C How theholobiont approach apply to biocontrol of postharvest

pathogens?
Understandlng the asse ;;}g’ibila“’?i”’”dynam|cs and function the fruit mlcrob|ome |

critical for "developlng efficient biocontrol strategles |

TTFHOPNIC 1NEeracuons QUAUCUCRRICIMUL Lo
interactions

Spadaro and Drob015 Trends in Food Science and Technology



Exploring the fruit microbiome developing novel biocontrol
technologies for managingostharvest pathogens




Bacteria

Postharvest Application oM. fructicola Modulates the

Composition of Microbial Communitiem Pink Lady Apples
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A

Disease Incidence (%)

100 1

751

50 1

254

Control of Postharvest Decay of Strawberries by Néarvest
Application of M. fructicola
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a Bacteria 120507
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SynCom®f Core Taxa of Apple
fruit and its Possible Use to
Manipulate Fruit Microbiota

(Preand postharvest application)
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15 bacterial taxa
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Designing Beneficial Microbiomes for Biocontrol

> ' //A‘
A\ /ll\

Fruit microbiome MetagenomeAmplicone Network analysis Core microbial taxa
sequencing and hubs

PN d&\-‘ Z ® o @ O
< \:' \}1;‘ /':. v': . A-. :.. i
F pr 2 T \ h .'..""' ’
ﬂ *’ ‘_ | Microbial interactions Isolation and identification o
Lo synergism / microorganisms based on

function analysis

Construction of consortia and I
evaluation of biocontrol function :

Blocontrol function of
individual strains
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