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Major concerns for the continued use of pre and postharvest fungicides



Food Safety is a Big Issue Worldwide

- Pesticide residues
- Microbial toxic materials
- Food- born pathogens
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Supermarkets Campaign to Reduce Chemical 
Residues in Fresh Produce

Development and implementation of ZEROresidue approach 
is becoming an economic imperative, not an option



Antagonizing 
plant pathogens

Promoting plant 
and root growth

Improving nutrient 
absorption

Controlling 
multiple pests

Next-Generation Food and Ag-Biotec

Moving from the Age of Chemistry to the Age of Biology

The second green revolution



Å Chemical pesticides can 
and will no longer be 
the only basis for crop 
protection

Å Integrated diseases 
management will 
become the standard

We are in the Center of Thriving Market

global biopesticides

market is projected to 

grow at a CAGR of 14.7% 

from an estimated value 

of USD 4.3 billion in 2020 

to reach USD 8.5 billion 

by 2025.



Major Market Drivers for Postharvest 
Biocontrol Products 

× Food marketers/consumer demand 
ðLow chemical residues or even 

chemical free

× Global biocontrol market is 
steadily growing

× Very strict legislation on pesticide 
residues in food

× Sustainability - more production 
with less input and less impact
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Stages in the Discovery and Development of Biocontrol Products



Biological Control of Postharvest Pathogens

×Postharvest environment and disease 
etiology ðconducive to microbial antagonists

×Controlled  conditions

×Defined target

High prospects of success: 

https://www.google.co.il/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwimjau2sNDXAhWF7RQKHVGrCSQQjRwIBw&url=https://bmcplantbiol.biomedcentral.com/articles/10.1186/1471-2229-13-44&psig=AOvVaw0AH-ddUG6O5Zpa430dgn25&ust=1511378084519615


The Role of Epiphytic Microflora in Protection 
Against Postharvest Decay

1987

http://www.google.co.il/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.researchgate.net/publication/10674929_United_States_Department_of_Agriculture-Agricultural_Research_Service_research_on_natural_products_for_pest_management&ei=XX80Vb7ZF4LqaKTtgaAE&bvm=bv.91071109,d.d2s&psig=AFQjCNH-c53ju910LrO_GJU_gWnfotcMUw&ust=1429590221661513


Isolating Antagonists from Fruit Surfaces  ς
the Silver bullet approach

Single antagonist 
Wilson, Wisniewski, 
Droby, Chalutz. 1993, 
ScientaHort. 53: 
1831-1889.

Features required :
×Rapid colonization of wounds
×Easy to grow
×Non-antibiotic producer
×Lack of medical history



Biological Control Products:
The long way from the lab 
bench to the market

Time

Isolation & 
screening

Laboratory 
testing

Pilot & semi 
commercial  
testing

Average time : 10-15 years

Coast : ~ $ 10 million 

Up scale 
production

Formulation 

Commercial 
testing

Toxicology 
testing

Registration

The involvement of a 
commercial company in the 
development process is 
crucial



Candida  sake CPA-1
Liquid formulation

Pantovital

Pantoeaagglomerans

Freeze-dried formulation

InovaCure

SHEMER

Developed jointly by ARO (Droby et al) 
and AgroGreen

Postharvest Biocontrol Products

Post-harvest  diseases 
of apples, pears, citrus 
fruits and bananas.

Aureobasidium pullulans

Metschnikowia  fructicola

Candida sake 

Candida saitoana

Botectorϯ 

Product development was 
successful 

Full commercial potential has been limited

Pre and postharvest applications

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 Post-harvest Pathogens

Acquisition

EPA approval in the US (2018) ; EFSA approval 2019, 
Renew registration in Israel (2020)

AgroGreen

product launching 2020 ς
trade name NOLI

Registration in Europe: 

First phase
France, Italy, Belgium, 
Netherlands.

Second phase
Germany, Poland and 
others

Registration for:
Soft fruit, stone fruit and 
grapes

Developed jointly by ARO (Droby et al) 
and AgroGreen



Commercial Efficacy Trials of Shemer/NOLI



Hurdles in Scaling and Commercialization of Postharvest 
Biocontrol Products 

× Large scale production and formulation
× Inconsistency in performance
× Registration
× Small market share
× Commercialization

Enhancement and broadening biocontrol activity

Extensive 
research activity

Additives Physical 
means

Combinations New formulations MOA



Hurdles facing wide-sparyeduse of Postharvest Biocontrol 
Products 

× Large scale production and formulation
× Inconsistency in performance
× Registration
× Small market share
× Commercialization

Enhancement and broadening biocontrol activity

Extensive 
research activity

Additives Physical 
means

Combinations New formulations MOA



Why Study the Mechanisms of Biocontrol Agents?

To determine the role of different 

characters in the biocontrol system

ÅImproving efficacy

ÅImproving formulations

ÅRegistration

Applicative / 

commercial 

To obtain useful 

genetic products

To obtain useful 

genetic sequences

Basic studies



Interactions in the biological control system



Biocontrol    agent

Competition for 

nutrient and space

Antibiotic 

production

Parasitism / 

Direct interaction

Induction of  

resistance

pathogenicity 

factors

natural microbial 

populations

Effect of plant 

tissue on 

antagonist 

metabolism

Direct 
actions

Indirect 
actions

Understanding the mechanisms of action of postharvest 
biocontrol agents 



Antibiosis:

Bacillus subtilis

Pseudomonas cepacia

Pseudomonas syringae

Iturin

Pyrrolnitrin

Syringomycin E

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

Largely associated with biocontrol 

activity of bacterial antagonists

(Burkholderia sp.)

phenazine 



Site Exclusion

Competition for Nutrients and Space

Rapid growth largely attributed to efficient up 

take of simple sugars, amino acids and organic 

acids in fruit surface wounds



Direct interaction of the yeast antagonist with fungal mycelium

Pichia guilliermondii ïBotrytis cinerea interactions

Wisniewski  et  al, Physiological and Molecular Plant Pathology 39, 245-258 (1991)
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Production of cell-wall degrading enzymes



Induction of Resistance by yeast antagonists

ROS function as signaling molecules in 
leading to specific downstream resistance 
responses



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



The Big Bang
Omics Technologies - New Opportunities to Study Microbial-Plant Interactions

METAGENOMICS

Epigenomics

NGS



Biocontrol of Postharvest Diseases: A Paradigm Shift

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

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

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

ÅBiocontrol Probiotics?

Å òBiocontrol genes ó controlling fruit microbiome ?



ÅCompetition for limiting nutrients (sugars, Iron)
ÅCompetition for space (colonization)
ÅBiofilm formation
ÅVolatile and diffusible antimicrobials
ÅMycoparasitism(CW hydrolases)
ÅROS tolerance
ÅROS production
ÅInduced resistance 

Moving from Simplicity to Complexity

Tri-trophic  interactions Quatro-trophic/multi -trophic
interactions

MOAs

Pre & Postharvest treatments

Ç What is the impact of introducing a single microorganism on the fruit 
microbiota? modify microbiota assembly on fruit surfaces ςcreating 
healthy microbiome?

Ç What are the interactions that are taking place in the pathosystem? 

Ç How the holobiont approach apply to biocontrol of postharvest 
pathogens?

Spadaro and Droby, 2015, Trends in Food Science and Technology

Understanding the assembly, dynamics and function the fruit microbiome is 
critical for developing efficient biocontrol strategies



Exploring the fruit microbiome - developing novel biocontrol 
technologies for managing postharvest pathogens

Peel

Wound

Cylaxend

Stem end



Postharvest Application of M. fructicola Modulates the 
Composition of Microbial Communities in  Pink Lady Apples 

Antonio Biasiet al., Horticulturae, 2021



Control of Postharvest Decay of Strawberries by Near-harvest 
Application of M. fructicola

V. Yeka Zhimo et al., 2021, Postharvest biology and technology



SynComsof Core Taxa of Apple 
fruit and its Possible Use to 
Manipulate Fruit Microbiota

15 bacterial taxa
35 Fungal taxa

Core taxa: 95% occupancy in all samples at all 
developmental stages and storage period

LDA analysis to determine biomarkers

(Pre-and postharvest application)



Fruit microbiome Metagenome/amplicone
sequencing 

Network analysis Core microbial taxa 
and hubs

Isolation and identification of 
microorganisms based on 

function analysis

Microbial interactions -
synergism

Biocontrol function of 
individual strains 

Construction of consortia and 
evaluation of biocontrol function

Designing Beneficial Microbiomes for Biocontrol



AcknowledgementsARO, Dept. Postharvest Science

Dr. Elena Levin

Dr. YekaZhimo

Dr. Amit Kishore Singh

Dr. Antonio Biasi

Dr. Ajay Kumar

Shoshi Salim

Oleg Feygenberg

IsascharGiladi

Rotem Bar-Tov

USDA-ARS, Appalachian Fruit Research 
Station, Kearneysville, WV

Dr. Michael Wisniewski

Dr. John Norelli

ARO,  Plant Sciecnseand Newe-Ya'arRes. Center

Dr. Shiri Frielich
Dr. Adi Feigenbaum

Stockholm University

Dr. Ahmed Abdelfattah
USDA-ARS, Gainesville, FL
Dr. Adam Rivers


