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Role of Ananatosides and their precursors in the resistance induced by Pantoea ananatis
BRT175 in Arabidopsis thaliana
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Biosurfactants are amphiphilic molecules produced by various micro-organisms. Their roles in
adhesion to surfaces make them potential molecular actors of plant/rhizobacteria relationships.
Within the host-plant, cellular perception of biosurfactants can induce local and systemic resistance
against several phytopathogens, making these molecules prospective tools for crop protection.
Ananatosides (Ana) are a new type of secreted glycolipids with surfactant properties, recently
discovered in Pantoea ananatis BRT175. Ana are closely related to Rhamnolipids (RL), another class of
glycolipids whose eliciting effects have already been demonstrated. The aim of our work is to
elucidate the role of these new glycolipids in the induction of local and systemic resistance triggered
by P. ananatis in Arabidopsis thaliana. By studying early signaling events like extracellular ROS
production and MAPK phosphorylation, we showed that Ana are perceived by A. thaliana cells. Side by
side comparison of signaling events between Ana and RL highlighted common plant immune
responses triggered by the two glycolipids. Our results suggest that P. ananatis BRT175 is not able to
induce a local resistance in A. thaliana. On the other hand, we found that P. ananatis BRT175 can
induce a systemic resistance against the necrotrophic fungus Botrytis cinerea (Bc). We are currently
investigating how Ananatosides compared to RL could participate in this systemic resistance and the
hormonal pathways triggered by these molecules.

About the speaker:
Simon DUCHATEAU is a PhD student at the Induced Resistance and Plant
Bioprotection unit, University of Reims. His research is focused on the role
of glycolipids produced by beneficial bacteria in plant immunity.



Why do plants sense endogenous and exogenous molecular patterns?
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Plant cells perceive a pathogen invasion by recognising endogenous or exogenous extracellular
signals such as Damaged-associated molecular patterns (DAMPs) or Pathogen-associated molecular
patterns (PAMPs). In particular, DAMPs are intracellular molecules passive or actively released to the
apoplast, whose extracellular recognition by intact cells triggers specific immune signalling, the so-
called DAMP-triggered immunity. Interestingly, the extracellular recognition of DAMPs and PAMPs
leads to a very similar intracellular signalling, generating a biological need to know why plants
perceive molecules with such different origins with overlapped innate immunity responses. Here, we
report that the simultaneous perception of DAMPs and a PAMP strengthen early and late plant
defence responses. More specifically, we found that co-application of the bacterial peptide flagellin
and cAMP amplifies PAMP-triggered immunity, boosts the production of phytocytokines and with the
help of a non-targeted metabolomic study, we also observed that the simultaneous application of
both molecules increases the levels of several phenylpropanoid metabolites. Overall, these results
indicate that the complex mixture of DAMPs and PAMPs carries specific information to potentiate
plant defence responses. However, further investigations are needed to reveal additional
explanations for this intricated mechanism.

About the speaker:
Jordi GAMIR is an Early Career Scientist working at the University Jaume I
of Castellón, where he dissects the role of Damage-Associated Molecular
Patterns in plant immunity. 



Eco-friendly synthesis of (R)-3-hydroxydecanoic acid and analogues: 
New green pathway to highly potent elicitor(s) of plant immune system

 
Enzo Petracco,1,2Amandine L. Flourat,1,2 Marie-Charlotte Belhomme,1 Stéphanie Castex,1 Fanny Brunissen,

2 Fanny Brunois,2 Aurélien A. M. Peru,2 Florent Allais2 and Arnaud Haudrechy1
 

Structures de rattachement 1 Université de Reims Champagne Ardenne, Institut de Chimie Moléculaire de Reims, UMR 7312,
SFR Condorcet FR CNRS 3417, Moulin de la Housse – Bâtiment 18, 51687 Reims cedex 2 France

2 URD Agro-Biotechnologies Industrielles (ABI), AgroParisTech, CEBB 3 rue des rouges terres, 51110 Pomacle France
 
 

In order to face the challenge of feeding near 7.5 and soon 10 billion people without poisoning soil
and water, agricultural practices have to evolve. Elicitation of plant immune system can prevent crops
diseases ensuring good productivity while limiting used of pesticides. Nevertheless, to achieve
efficient protection of crops by stimulating their own defense, the understanding of mechanisms
involved in the plant immune response is required. Several molecules produced by pathogens are
recognized by plant (Microbe- or pathogen-associated molecular patterns MAMPs or PAMPs) and
induce stimulation of plant defenses. Among these MAMPs, rhamnolipids is a well-known family. These
amphiphilic compounds are composed of 1 or 2 unit(s) of L-rhamnose, acting as hydrophilic head,
linked to a 3-(hydroxyalkanoyloxy)alkanoic acid (HAA) fatty tail. Recently, the latter was identified as
responsible for the strong stimulation of plant defense mechanims and particularly the (R)-3-
hydroxydecanoic acid. That is why it becomes a necessity to propose pure model compounds to
investigated further these mechanisms.
Few synthetic pathways have been reported in the literature and none complies with green chemistry
principles. To offer an alternative to these procedures and to allow the edification of a library of
analogues, we have designed a new eco-friendly process. To begin, levoglucosenone, a chiral
cellulose-based synthon, was chosen as the starting material. Through six steps (1) oxo-Michael
addition, (2) Baeyer-Villiger oxidation, (3) activation (4) Bernet-Vasella reaction (5) cross-metathesis
homologation and (6) hydrogenation, desired products were synthesized in good overall yields (22 to
34%). A library can be established by (1) modifying the nucleophilic group in oxo-Michael addition
and (2) changing the chain length of the alkene counter-partner during cross-metathesis
homologation. In addition, if hydrogenation is not conducted, a second series of compounds with a
double bond between positions C4 and C5, is also available for testing.
Finally, to assess the eco-friendliness of our process, green metrics (Ecoscale and PMI) were performed
and benchmarked against existing syntheses. In both mesurated indicators, our methodology achieved
the best scores.

About the speaker: 
Amandine FLOURAT has completed her PhD in 2020. Currently, she is
research scientist in green chemistry at URD ABI (France) to develop new
green pathways from biobased compounds to high value-added molecules.



Integrated use of Aureobasidium pullulans strain CG163 and 
Acibenzolar-S-methyl for management of bacterial canker in kiwifruit.
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An isolate of Aureobasidium pullulans (strain = CG163, active strain in AureoGold) and the plant
defence elicitor acibenzolar-S-methyl (ASM) were investigated, alone and in combination, for their
ability to control leaf spot in kiwifruit caused by Pseudomonas syringae pv. actinidiae biovar 3 (Psa).
Clonal Actinidia chinensis var. deliciosa plantlets (‘Hayward’) were treated with ASM, CG163 or ASM +
CG163 seven days before foliar inoculation with Psa (2x107 CFU/ml). Both ASM (0.2g/L) and CG163 (2
x107 CFU/ml) were applied as a foliar spray. Leaf spot severity (% leaf area) in the untreated control
after 21d was 13%. All treatments reduced disease severity compared with the control. The
combination of ASM + CG163 had the greatest efficacy (75%) and was more effective than ASM (55%)
or CG163 (40%) alone. The efficacy of ASM + CG163 treatments correlated positively with the
expression of pathogenesis-related protein 1 & 5 (PR1 & PR5) and NIM1-interacting 2 (NIMIN2),
common markers for the salicylic acid defence pathway. There was also evidence that CG163
suppressed Psa populations in the inoculated plants. The epiphytic population of Psa was
approximately 10-fold lower in leaves of CG163-treated plants than the untreated control leaves at
72h post inoculation. Moreover, after 96h endophytic Psa populations were reduced ~500 fold by ASM
+ CG163, but not by the individual treatments, and were significantly lower than the control. Together
these data suggest that when used in combination the plant elicitor ASM and biocontrol strain CG163
have complementary modes of action that provide greater control of leaf spotting than either
treatment alone. Ongoing investigation of the mode(s) of action of CG163 alone, and in combination
with ASM, involves a combined metabolomics, genomic and transcriptomic approach. 

About the speaker:
Huub DE JONG is a doctoral candidate at the University of Auckland. He is
part of the Biocontrol & Induced Resistance team, which focuses on the
development and understanding of sustainable products to combat plant
diseases. 



Tailoring coumarin biosynthesis to improve crop resilience
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Scopoletin is a coumarin with an important role in the defence of plants to biotic and abiotic stress. In
addition, scopoletin has human health-supporting properties. Therefore, applying scopoletin is
promising for risk-free, sustainable crop protection. Feruloyl-6’ hydroxylase (F6’H1) is an enzyme in
the phenylpropanoid pathway with an important role in scopoletin biosynthesis. To investigate
whether scopoletin could be exploited for plant protection we overexpressed AtF6’H1 and genes for
MYB transcription factors in transgenic plants of various species. Overexpression of MYB transcription
factors was meant to generally boost phenylpropanoid pathway activity while F6’H1 overexpression
should specifically increase scopoletin biosynthesis. As a result, the plants hyperaccumulated
scopoletin and its glycoside scopolin. To avoid possible detrimental effects that may arise from the
high antioxidative activity of scopoletin and its derivatives, we followed different strategies. For
example, we exploited coumarin-biosynthesis genes of various plant species to chemically modify
scopoletin in transgenic plants thus leading to the accumulation of different scopoletin derivatives.
These vary in terms of antioxidative capacity, antimicrobial activity, and sensitivity to UV light. In
addition, we identified transporters that enhanced the secretion of coumarins to the leaf surface. By
doing so, we reduced the chance of detrimental effects of coumarins on plant health while
simultaneously attacking pathogens on the leaf surface. In future work, we aim to control the activity
of genes with a role in coumarin biosynthesis and secretion by spatial and temporal regulation of
promoter activity. Candidates of gene-regulatory DNA sequences are currently being investigated.
Our comprehensive strategy aims at tailoring coumarin biosynthesis and accumulation for essentially
any purpose, such as reduced sensitivity to Asian soybean rust and the sudden death syndrome in
soybean.

About the speaker:
Alexander BEESLY is a PhD student in the field of molecular plant biology
and biochemistry in the group of Uwe Conrath at the RWTH University. His
work focusses on tailoring plant coumarin biosynthesis to enable a
sustainable crop protection.



TOR inhibition primes immunity and pathogen resistance in 
Tomato in a Salicylic acid-dependent manner 
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All organisms need to sense and process information about the availability of nutrients, energy status
and environmental cues, in order to determine the best time for growth and development. The
conserved Target of Rapamycin (TOR) protein kinase has a central role in sensing and perceiving
nutritional information. TOR connects environmental information about nutrient availability to
developmental and metabolic processes, in order to maintain cellular homeostasis. Under favorable
energy conditions, TOR is activated and promotes anabolic processes such as cell division, while
suppressing catabolic processes. Conversely, when nutrients are limited or environmental stresses are
present, TOR is inactivated, and catabolic processes are promoted. Given the central role of the TOR in
regulating metabolism, several previous works have examined whether TOR is wired to plant defense.
To date, the mechanisms by which TOR influences plant defense are not entirely clear. Here, we
addressed this question by testing the effect of inhibiting TOR on immunity and pathogen resistance
in tomato. Examining which hormonal defense pathways are influenced by TOR, we show that tomato
defense responses and disease resistance to several pathogens increase upon TOR inhibition, and that
TOR-inhibition mediated resistance likely requires a functional salicylic acid, but not jasmonic acid,
pathway. Our results support the notion that TOR is a master regulator of the development-defense
switch in plants.

About the speaker:
Iftah MARASH is a PhD student in plant science working under the
supervision of Dr. Maya Bar at the Volcani of Rapamycin institute (TOR)
influences plant defense.



LPMO-oxidized CelloOligosaccharides trigger plant defense in 
Arabidopsis enhancing resistance towards biotic and abiotic stress 
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Lytic Polysaccharide Monooxygenases (LPMOs) are powerful redox enzymes able to oxidatively
cleave recalcitrant polysaccharides. Widely conserved across biological kingdoms, LPMOs are
classified into seven “Auxiliary Activity” (AA) families: AA9-11 till AA13-16. Among them, the AA9
family is deployed by phytopathogens to deconstruct cellulose polymers, and only recently found to
be involved in elicitation mechanisms. In response, plants have evolved sophisticated mechanisms to
sense cell wall damage and thus self-triggering Damage Triggered Immunity (DTI) responses. Here,
we report that Arabidopsis plants exposed to LPMO-oxidized products showed increased resistance
to the necrotrophic fungus Botrytis cinerea through SIF2/4 LRR-receptors on one hand, and enhanced
thermotolerance to the other hand. Through omics and physiological analysis, we demonstrated that
upon elicitation with AA9-derived oligosaccharides, plants undergo a deep transcriptional
reprogramming leading to the activation of DTI as well as Heat Stress Factors (HSFs) and Heat Stress
Proteins (HSPs) genes, key components of thermopriming. Altogether, our data reveal for the first
time that oxidized oligosaccharides derived from cellulose might act as verge molecules in biotic and
abiotic stress resistance, contributing to enlarging the general view of the “Sweet Immunity” in
plants.

About the speaker:
Marco ZARATTINI is a FNRS senior postdoctoral working at the Crop
Production and Biostimulation Lab. (Free University of Bruxelles). He
currently works on sweet immunity toward a/biotic stress.
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Molecular mechanisms underlying the systemin-
induced resistance in Arabidopsis plants 
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Peptides are important regulators in plants that have been recently described as phytocytokines. They
are actively released after a pathogen or herbivorous attack, trigger amplification of plant immune
responses and enhances defense capacity both locally and systemically. Out of the known
phytocytokines, Systemin is a small tomato peptide that has been recently proved to be able to induce
resistance against Plectosphaerella cucumerina in Arabidopsis plants.

To deepen the molecular mechanisms underlying this systemin-induced resistance (Sys-IR) in
Arabidopsis plants, we performed several approaches. The results of the loss of function mutant
assays together with gene expression analysis showed that both, the BIK1-BAK1 protein complex and
G heterotrimeric proteins are involved in the early signaling events after the peptide recognition and
are important for the Sys-IR. Downstream of these signaling events, we found an induction of MPKs
after systemin treatment being indispensable for Systemin-induced resistance.

The study of the metabolomic responses underlying Sys-IR showed that phenolic and indolic
compounds were the most representative groups of the Systemin triggered metabolic fingerprint in
Arabidopsis, and very interestingly indolic compounds showed a priming profile. Transcriptomic and
loss of function mutant analysis revealed that from the indolic compounds derived from tryptophan
those branching to Indole carboxylic acids were essential to express functional Sys-IR.

About the speaker:
Paloma SANCHEZ-BEL is associate professor at the University Jaume I,
Spain. Her main research interest is the mechanisms behind the priming of
the plant immune system by chemical compounds, peptides and beneficial
microorganisms.



Transcriptional and metabolomic changes in barley inoculated with 
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Barley is one of the most important cereal crops cultivated in the world and accounts for a large share of
the French cereal production. Net blotch, caused by an ascomycete, Drechslera teres, is the foliar disease
resulting in the most severe damages on barley which can compromise its production. The use of plant
growth-promoting rhizobacteria (PGPR) to induce plant resistance is one of the alternatives considered
to protect crops against the damages caused by cryptogamic diseases. Belonging to the genus
Burkholderia, a bacterium, referred to as strain B25, has been identified as protective for barley against
net blotch.
Biotic stresses induce physiologic, transcriptomic and metabolomic changes in plants. The obtained
results have the goal of improving the knowledge about the changes induced at the genes’ and
metabolites’ level after induction by D. teres and beneficial bacteria on barley. In order to better
understand the interaction among barley, D. teres and bacteria, genes involved in defense, in the
phenylpropanoid, as well as carbohydrate and cell wall biosynthetic pathways have been analyzed. The
results show that specific genes were subjected to a circadian regulation and that the expression of most
of them increased in barley infected with D. teres. On the contrary, a decreased gene expression was
observed in the presence of strain B25.
To complement and enrich the gene expression analysis, untargeted metabolomics was carried out on
the same samples. The data obtained show an increase in the production of lipid compounds in barley in
the presence of the pathogen. In addition, the presence of strain B25 led to a decrease in the production
of defense compounds in this crop. Consequently, the combination of targeted gene expression analysis
with metabolomics allowed identifying similarities or differences in transcript levels and metabolic
pathways in barley inoculated with D. teres in the presence or absence of beneficial bacteria. The results
contribute to advance the knowledge on the mechanisms occurring at the onset of D. teres infection and
in the presence of a biocontrol agent limiting the severity of net blotch in barley.

About the speaker: 
Aurélie BACKES was a PhD student at the University of Reims Champagne-
Ardenne. Her research was supervised by Dr. Cédric Jacquard, Pr. Essaid Ait
Barka and Dr. Gea Guerriero and focused on the development of a
biological control method based on the beneficial bacteria using to control
net blotch of barley.



Clonostachys rosea a fungus of BVT protects crops from Sclerotinia
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Sclerotinia: a destructive pathogen in crops
Sclerotinia infects hundreds of plant species worldwide including many crops and weeds. Diseases
caused by Sclerotinia, commonly referred to as white mold, are destructive in many field crops (e.g.,
sunflowers, canola, soybeans, and beans) and vegetables (e.g., carrots, lettuce).
Epidemics of Sclerotinia white mold
Sclerotinia survives in soil as sclerotia on which small (2 mm) “mushrooms” form during the growing
season. Spores “puff” and disperse from the mushrooms into the crop and can infect the flowers, but not
the foliage, of host plants. Leaves and stems become infected after diseased flower parts fall and adhere
to the foliage. Rapid canopy destruction often ensues. Sclerotia produced by Sclerotinia in diseased
tissues accumulate in the soil. Roots and stems of some crops (e.g., sunflowers, carrots) can be attacked
directly from sclerotia in the soil.

Clonostachys-based Bee Vectoring Technology (BVT)
Clonostachys spores produced by BVT are formulated into a proprietary powder called Vectorite™ which
is packaged in Vectorpaks™. Commercial hives fitted with BVT’s dispensers use Vectorpaks™ to dose
VectoriteTM which adheres to the bees as they exit the hive. Bee-vectoring occurs when bees transport
and deliver the spores directly to the crop’s flowers while they forage for nectar and pollen. Within hours
of inoculation Clonostachys spores germinate on the plant forming minute colonies inside the tissues
which instantly begin protecting and invigorating the crop.
Replicated trials over six years in Europe and North America have shown effective performance of the
fungus and BVT’s technology in reducing white mold severity and enhancing marketable yields.

BVT’s Clonostachys rosea controls Sclerotinia and promotes crop vigour
Clonostachys establishes as an endophyte within the living flowers and leaves. No negative symptoms
appear in the host and a symbiotic relationship develops. Clonostachys colonies that form in the plant
tissues essentially function as 24/7 command centres that sense signals within the plant of a Sclerotinia
attack, and respond immediately to protect the plant in three main ways:
1. The colonies grow rapidly to form barriers that block further development of Sclerotinia in nearby
tissues.
2. The colonies send signals throughout the plant that activate the plant’s own resistance mechanisms.
3. The colonies sense any stresses in the plant tissues associated with Sclerotinia or abiotic factors and
assist the plant in maintaining vigor (e.g., foliar greenness and growth), and nutrient uptake, thereby
prolonging the functional lifespan of the plant organs (like an anti-aging treatment!). The invigorated
tissues are less susceptible to Sclerotinia.   
By controlling Sclerotinia in the flowers Clonostachys indirectly protects the foliage against Sclerotinia in
falling flower parts, reduces sclerotia formation in the dead tissues and thus accumulation of sclerotia in
the soil. 

About the speaker: 
Christoph LEHNEN is the Senior Technical Manager at BVT responsible for
the management of all EAME-based trials and demonstrations of BVT’s
proprietary organic crop protection system, and a large experience within
the agricultural technology industry.
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of beneficial microorganisms for plant disease resistance and growth promotion
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The plant microbiome plays an important role in disease outcomes. Due both to the necessity to
reduce the use of pesticides and chemical fertilizers, and the continually increasing spread of both
novel and re-emerging plant pathogens in agricultural settings, there is a clear need to find alternative
and sustainable solutions to reducing disease burden. Although plant probiotics have long-held
promise to be such an alternative solution, their effective and widespread use has been hindered by
the unpredictability of success. 
Although frustrating, this is far from surprising, as disease incidence is affected by several factors such
as the plant developmental status, and its interaction with the microbiome and the pathogen, rather
than being a property of any individual component. Here, we assessed the impact of the host
developmental stage, and the identity of the symbiont or pathogen, on microbiome-mediated
protection. Our work offers insight to the scalability of plant probiotics across these different factors,
towards the ultimate goal of providing high-performing microbial symbionts vetted in agricultural
settings, in addition to identifying the important factors predicting the outcome of disease
suppression and growth promotion, as a result of application of protective microbial consortia.

About the speaker:
Dr. Maya BAR has published ~40 papers (~1300 citations, h-index 17), with
a dual background in immunity and development. The Bar lab researches
plant immunity, investigating priming, biocontrol, and development-
defense trade-offs. 



Extracellular DNA induces plant resistance 
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In recent years, the role of extracellular DNA (eDNA) as a Damage-associated molecular pattern
inducing resistance against various biotic challenges in mammals and plants has received considerable
attention. Our previous results showed that OXI1, CML37, and MPK3 gene expression is induced
following eDNA treatments, mediating signalling by Reactive Oxigen Species, calcium influx, and
kinase cascades. On the other hand, the level of JA, SA and ABA marker genes remained unaltered,
indicating that eDNA induces defence signalling but not direct defence response until the challenge is
present. Furthermore, the application of heterologous eDNA obtained from different ecotypes of
Arabidopsis and phylogenetically distant plant species also led to the induction of the defence
responses, following a direct correlation between the phylogenetic closeness and the level of the
induction. Interestingly, eDNA induces a wide range of resistance against key agricultural pests such as
thrips (Frankliniella occidentalis), aphid (Myzus persicae) and the plant pathogens Hyaloperonospora
arabidopsidis, Pseudomonas syringae, and Botrytis cinerea. Here, we demonstrate that high
accumulation of H2O2 following eDNA treatments triggers callose accumulation after pests’
infestation. Moreover, the Arabidopsis callose deficient mutants pmr4 and npr1-pmr4 are more
susceptible to pest attack, indicating that callose induced by eDNA plays a crucial defensive role in
pest protection. Thus, although more study is required to elucidate the molecular mechanisms behind
eDNA-IR, our study reveals further evidence for the role of eDNA inducing the immune system and
protecting plants against pests and pathogens.

About the speaker: 
Leila RASSIZADEH have studied biology, and got her doctorate in molecular
biology and ecology at Tel Aviv University. 

  



Target-specific RNA-based bioprotectants for 
sustainable crop production in a changing climate
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A continuously growing world population as well as global warming and climate instability will
increasingly challenge the ability of mankind to manage pests and diseases of cultivated plants.
Concerns over negative effects of pesticides on the environment and on human health cause an
increasing demand for environmentally sustainable production systems and „clean food”. Accordingly,
the European Parliament has adopted legislation (Directive 2009/128/EC) aiming at reducing the use of
chemical plant protection products. 
The European ERA-NET SusCrop Project BioProtect contributes to reducing the application of chemical
pesticides through further development of a bacterial dsRNA production and formulation platform for
the delivery of stable and efficient dsRNA formulations for cost-effective crop protection. dsRNA is a
nature-derived and environmentally safe molecule that occurs in all organisms and is rapidly degraded
in soils. Its application triggers RNA silencing, also known as RNA interference (RNAi), which is a normal
cellular mechanism playing a crucial role in growth, development, and genome stabilization in plants,
fungi, animals, and humans, and also plays a predominant role in plant antiviral defense. Because
dsRNA-induced RNA silencing is sequence-specific it can be programmed for crop protection against
pathogens of choice. In addition, dsRNA has the potential to trigger pattern-triggered immunity (PTI)
and, thus, to reinforce crop protection through a second host defense pathway. Thus, when dsRNA is
applied as a crop protection agent, it acts as a strong defense activator that enhances the ability of
plants to defend themselves using their own cellular mechanisms. The bacterial dsRNA-production
platform can be grown in fermenters and uses a dsRNA replicating system to produce high-quality (hq),
>2500 bp long “hq-dsRNAs” in high amounts. hq-dsRNAs produced by this system were shown to be
effective in protecting plants against infection by a model virus. 
Within the BioProtect project this technology will be further developed as a versatile system to produce
hq-dsRNA agents and different hq-dsRNA formulations targeted against different viral and fungal
pathogens as well as insect pests. The hq- dsRNAs formulations will be developed for their applicability
as nature-derived bio-protectants for protection of vegetable and cereal crops under greenhouse and
field test conditions. Particular emphasis will be given to formulations that provide increased hq-dsRNA
stability during storage and application, efficient uptake and activity upon target crop spraying, and to
the identification of determinants for upscaling and low production costs. 
The project will include the monitoring of activation of PTI versus RNAi, which may influence target
specificity. In the light of climate change, a major focus will be on determining the efficiency of hq-
dsRNA formulations at different environmental temperature conditions. 

About the speaker:
Karl KOGEL is phytopathology, JLU Giessen and 2016 Science Award
(German Phytomedical Society). He focuses on Endophytes in cereals;
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Plant pathogenic nematodes are responsible for annual agricultural losses worth an estimated 100
billion dollar. Worldwide, nematicides are used to control nematodes, but the regulation concerning
these agrochemicals is becoming more strict every year. That is why the need for new and more
sustainable products is increasing constantly. In this research, cold water extracts of Cucurbitaceae
peelings were evaluated as a control strategy against root-knot nematodes. Since rice, a staple crop,
and tomato, a cash crop, both suffer a great deal from damage due to root-knot nematodes,
Meloidogyne graminicola and Meloidogyne incognita respectively, the focus of this research was
directed to these two pathosystems. Cold peelings extracts (COPE) from different members of the
Cucurbitaceae family, e.g. melon, pumpkin and zucchini, were tested for their resistance inducing
capacities,. Results showed that the number of galls in rice as well as tomato formed by the respective
root-knot nematodes M. graminicola and M. incognita was significantly reduced upon foliar
application of melon, pumpkin and zucchini COPE (mCOPE, pCOPE and zCOPE respectively).
Further research was focused on mCOPE. It was revealed that mCOPE not only induces plant resistance
against nematodes, but also has a direct nematicidal effect on M. graminicola as well as on M.
incognita. Via RNA-sequencing in rice, our data indicate that the induced resistance might be
regulated by ethylene, a hormone known to play a crucial role in the immune system of plants. Gene
expression analyses using qRT-PCR showed that in tomato, mCOPE stimulates genes that are
important in the immune system upon nematode infection. We detected a strong induction of NIMIN2,
which is described to be regulated by salicylic acid, an important hormone in plant defence against
nematodes.
In conclusion, our results show that cold water extracts of Cucurbitaceae peelings can protect rice and
tomato via induced resistance against root-knot nematode infection. Next to that, we revealed that
mCOPE has a direct nematicidal effect on these root-knot nematodes. Lastly, in rice as well as in
tomato, we have demonstrated that plant hormones play an important role in establishing induced
resistance.

About the speaker:
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Serendipita indica (syn. Piriformospora indica) is a root colonizing endophytic fungus that holds
capabilities to enhance plant growth and to confer resistance to different stresses. This fungus is
further known as hosting a bacterial endosymbiont, Rhizobium radiobacter, living inside its hyphae.
However, there are still a gap of knowledge if other bacteria can also have positive effects on the
fungus. We isolated and taxonomically characterized nearly 500 bacterial endophytes from potato and
tomato roots and studied the impact of individual bacterial isolates on the in vitro growth of the
fungus. We further analyzed how co-inoculations of bacteria and S. indica influence plant growth and
protection against fungal pathogens. Most members of certain bacterial families (e.g., Bacillaceae,
Enterobacteraceae) are very detrimental for the development of the fungus, while several isolates of
Mycobacteriaceae, Rhizobiaceae, Xanthomonadaceae or other families stimulated S. indica growth. For
instance, endophytes belonging to Tardiphaga, Mycolicibacterium, Trinickia or Methylobacterium
genera can stimulate Serendipita growth and colonize its hyphae. Some of these bacteria in
combination with S. indica can further help to reduce tomato diseases caused by Fusarium oxysporum
and Ralstonia solani. Possible mechanisms behind these interactions were described based on genome
and advanced microscopic analyses, using fungal and bacterial strains tagged with fluorescent
markers. 
Bacteria-fungus seem to cooperate in the process of fungal root colonization and establishment, e.g.,
by increasing fungal sporulation and hyphae expansion. Interestingly, a strain of Trinickia colonizes
internally spores of S. indica as an endofungal bacterium in in vitro co-culture, suggesting that the
fungus might acquire formerly unrecognized genera of bacteria. Genome analysis of the positive
bacteria revealed many genes potentially involved in fungal and plant growth stimulation, biocontrol
and root colonization, highlighting putative mechanisms of plant-fungal-bacterial interactions. Our
study represents an important step towards the unraveling of the complex interactions among plants,
S. indica, endophytic bacteria and fungal pathogens. It further indicates that adding bacteria to fungal
inoculum could have a remarkable impact on the plant-S. indica symbiosis.
This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Marie Skłodowska-Curie grant agreement No 676480.
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Mycotoxins are toxic secondary metabolites synthesized by molds that contaminate many plant-based
commodities, including cereals, which are the primary source of consumer exposure. Fusarium
graminearum is one of the main plant pathogens responsible for Fusarium head blight (FHB). It is
known to produce deoxynivalenol (DON) belonging to the trichothecene class. Three commercial
biological control agents (Streptomyces griseoviridis, Trichoderma asperellum and Pythium
oligandrum) have shown potential to inhibit the growth and mycotoxigenesis of F. graminearum in
direct in vitro tests. However, it should be noted that biocontrol products, specifically beneficial
microorganisms, are often considered inneficient under certain environmental conditions. And this
ineffectiveness can be caused by evolving climatic conditions favorable to the development and
adaptation of pathogens. In addition, the predominance of F. graminearum is determined to a wider
extent by climatic factors, in particular temperature and humidity, and can therefore change radically
in different geographical areas. This makes it necessary to understand the impact of abiotic factors on
the behavior of F. graminearum but also on the mechanisms of action of biocontrol agents towards this
pathogen. In order to optimize their performance, these BCAs are confronted with F. graminearum
under different conditions mimicking different climates as well as climate change scenarios (Relative
humidity, Temperature, CO2 content...). The pathogen and the BCAs were studied alone or confronted
to study, on the one hand, the impact of abiotic conditions on their growth and on the
mycotoxinogenesis of F. graminearum. And on the other hand, the effect of abiotic conditions on the
inhibition capacities of BCAs towards the pathogen. The first results confirm the interest of our
experimental design to study the impact of environmental conditions on the behavior of F.
graminearum and BCAs. Indeed, increasing temperature at 60% relative humidity stimulate the
production of ZEA and inhibit the DON production, but it also favors all the BCAs on spatial
competition. However, increasing relative humidity at 25°C has no effect on the growth of F.
graminearum but stimulates the production of DON. Increasing relative humidity combined with the
presence of Streptomyces griseoviridis shows a stimulation of ZEA production. Pythium oligandrum
inhibits 100% of the DON production whatever the relative humidity which could be due to the fact
that it uses several mechanisms at the same time. The mechanisms of interactions are being studied
with the most promising conditions using several approaches: research of the different enzymatic
activities (chitinase, glucanase...), targeted metabolomics (mycotoxin degradation products, masked
mycotoxins, antibiosis markers). Biomarkers will be identified to improve our knowledge of the
mechanisms of action of BCAs to make them more efficient and sustainable even in the face of climate
change.
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From 7.27 billion to date, the world population is projected to reach 9.1 billion people by
2050. Global agriculture will face multiple challenges over the coming decades since the
demand for food is rapidly increasing. Wheat is of the major crops in the world used for food,
being the nutritional basis for both humans and animals alike. However, like other plants,
wheat is subjected to several fungal diseases, which are widely distributed wherever the crop
is grown. Among these diseases, Septoria can drastically reduce wheat yield by affecting
leaves, stem and kernels. To limit the proliferation and the impact of the disease, chemical
fungicides have demonstrated a real efficiency. Nevertheless, with the rise of environmental
concern, biological control agents have attracted interest as an alternative to fungicide as an
eco-friendly solution. The ability of Bacillus velezensis to reduce the disease symptoms was
evaluated. In vitro antagonistic assays demonstrated that the bacterium was able to inhibit
fungal development. This observation was confirmed by microscopic analysis showing the
capacity of the bacterium to inhibit spore germination and mycelial growth of Septoria tritici.
Furthermore, HPLC MALDI-TOF analysis revealed the presence of secondary metabolites
involved in biocontrol, highlighting the attractiveness of this strain for sustainable agricultural
applications. In planta experiments were also carried out to investigate its ability to induce
systemic resistance against the pathogen. Two different modes of application (foliar and
drenching) were realized in planta to optimize the effect of the bacterium and to better
understand the protection pathway during the tripartite plant-bacterium-fungus interaction.
The results revealed that the strain significantly reduced the disease symptoms when applied
by drenching. The mechanisms behind the induced resistance will be discussed

About the speaker:
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Fusarium head blight of wheat is a major fungal plant disease, which affect both yield as well
as the sanitary quality of grains, with the risk of associated mycotoxin contamination, such as
deoxynivalenol. In the frame of the 3rd agricultural revolution, biocontrol appears as a
promising tool to both face this issue and preserve the environment and human health. In
this context, this project aims to identify and evaluate biocontrol agents (BCAs) against
Fusarium head blight of wheat, based on the ADRIA collection of spore-forming bacteria.
The BioFESAM consortium is composed of experts in plant protection and BCAs evaluation
(Vegenov), and in spore-forming bacteria diversity, food risk assessment and biocontrol of
Fusarium Head blight of cereal (UMT Alter’ix including ADRIA and LUBEM). The screening
process was divided in three steps : (1) In vitro screening of 100 selected strains with
taxonomic identification, enzymatic and antifungal activities screening; (2) Spore production
and in planta efficacy trials of the best candidates, with a molecular monitoring of the BCA in
order to follow their multiplication on the plants; (3) In silico modelling, in order to evaluate
potential BCAs survival from wheat to bread with growth cardinal values and spore heat
resistance determination. The first step led to the selection of three active bacterial strains,
which inhibited F. graminearum growth on wheat-based media and surface-disinfected wheat
grains. First plant trials were carried out in 2021, with the BCAs applied once at two different
concentrations in greenhouse experiments. These trials showed a potential of the strains to
control F. graminearum. A second set of in planta trials, that aim at optimizing plant
protection and evaluate the BCAs efficacy using another F. graminearum strain, will be
performed early 2022 while in silico modelling will end mid-2022.

About the speaker:
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Phytophthora infestans (Mont.) de Bary is an oomycete responsible for late blight disease in
solanaceous plants. This is one of the most devastating potato diseases worldwide and an
economic threat. Management technics are developed to control this pathogen, including
mainly the development of resistant cultivars as well as the use of synthetic or mineral
fungicides. However, due to serious concerns with the impact of these products on the
environment and on human health, botanicals represent a promising alternative for the
development of new biofungicides. In this context, we got interested in the potential anti-
oomycete activity of various extracts from different parts of hop (Humulus lupulus L.),
including cones, valued by brewers, and other agricultural by-products (leaves, stems and
rhizomes) that are hardly exploitable. Essential oil of cones was characterized by GC-MS and
revealed that it was mainly composed of myrcene, α-humulene and trans-caryophyllene.
Hydro-ethanolic extracts were characterized by UPLC-UV-MS and their chromatograms
showed that humulone, co-humulone and co-lupulone were among the main compounds in
hop cones and were present in different proportions depending on the organ. The half
inhibitory concentration (IC50) was used to quantify the in vitro anti-oomycete activity on P.
infestans mycelial growth and spore germination. All the tested extracts displayed an
inhibitory activity on both mycelial growth and spore germination. Interestingly, whereas
cones are already known for their biological properties, they were not the most active organ.
Apolar sub-extract of leaves, indeed, showed a significant anti-oomycete activity compared to
other parts of the plant with IC50 of 13.4 mg.L-1 and 33.7 mg.L-1 on P. infestans mycelial
growth and germination respectively. Moreover, purified prenylated phenolic compounds of
hop cones were less active than the apolar sub-extract of leaves. All extracts and metabolites
tested induced changes on the mycelium morphology grown in liquid medium. This study
provides new insights into the use of hop by-products to manage phytopathogens.

About the speaker:
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Elicitors are products known to activate plant defense pathways thereby limiting infection by the
pathogens. In the context of crop protection, the development of elicitors is a promising strategy to
reduce the use of conventional products.
Under controlled conditions, the efficacy of elicitors can be demonstrated either by testing their
ability to protect against a pathogen and/or by evaluating their properties to stimulate the plant
immune system. However their efficiencies could be much more random under natural conditions.
Indeed, in field several agronomic parameters could impact / interfere with / elicitors’ efficacy as the
climate conditions, the physiological stage of the plant, the plant variety….. Depending of those
factors, elicitors may activate or not the natural plant defense pathways. Therefore, to evaluate the
efficacy of elicitor especially in field condition, the most appropriate method seems to be the use of
molecular diagnostic tools to measure the level of expression of defense marker genes.
However, in field, the sampling of plant tissue for further analyses is challenging because samples
should be frozen in liquid nitrogen immediately after harvest to preserve the nucleic acids. To
overcome this technical difficulty, Staphyt is developing an easy way to sample leafs in field by using
FTA cards technology. In practice, leaves from plants previously treated with elicitor products or water
should be vigorously rubbed on the FTA CARDs which preserve RNAs integrity. Thereafter, FTA CARD
could be sent to the laboratory and we developed a method to extract the RNA pool from the cards and
to measure, by RTqPCR, the level of expression of main defense marker genes. Our tests confirmed
that the expression pattern of those genes is comparable between samples from FTA cards and
samples frozen in liquid nitrogen.
In addition, compare to general transcriptomic approaches providing a lot of datas, we decided to
focus only on few selected genes which have been specially selected for being the most relevant to
reflect the plant defense status.
To conclude, the methodology initially developed for arabidopsis and tomato should be a promising
strategy to evaluate in field trials the elicitors’ efficacy and would be extended to other plant species.
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Bacterial lipopeptides, and particularly those produced by the Bacillus subtilis group, have been the
subject of a great deal of scientific research over the past few years, as they display interesting
biological activities (biosurfactant, antitumoral, antimicrobial, …). Among these lipopeptides,
mycosubtilin belonging to the iturin family,has been deeply studied as a joint work from our academic
and private research teams. This lipopeptide consists of a heptapeptide linked to a fatty acid chain of
variable isomery and length ranging from 15 to 18 carbons. It is a secondary metabolite produced by a
nonribosomal peptide synthetase, a completely original biosynthetic mechanism.

Through four European projects (INTERREG IV PhytoBio, INTERREG V SmartBioControl – Bioprod and
Bioprotect, BBI BIOSMART, and SME Instrument), we have been able to address various scientific and
economic issues that make this molecule of biological origin a promising candidate to get a place in the
agroecological transition for integrated plant protection without chemical pesticides. In this
presentation, we will first discuss the development of the production of this molecule from the
laboratory scale to the semi‐industrial scale. Then, the multiple activities of mycosubtilin will be
presented, by showing the results of antifungal bioactivity found at the laboratory scale and which
demonstrates its exceptional spectrum of activity. Results obtained in greenhouse on the
pathosystems lettuce‐Bremia lactucae, wheat‐Zymoseptoria tritici, and tomato‐Botrytis cinerea will be
exposed. Moreover, the efficacy of a mycosubtilin formulation (alone or in combination with another
lipopeptide) will be demonstrated in field conditions on the pathosystems apple‐Venturia inaequalis,
lettuce‐Bremia lactucae, and tomato‐Botrytis cinerea. Moreover, the biostimulant effect of a
formulation containing mycosubtilin will be presented, particularly on vegetable crops (lettuce and
cucumber). Finally, we will discuss the results of cytotoxicity, toxicity and ecotoxicity in comparison
with chemical molecules currently on the market.

About the speaker:
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The global issues of climate change and increasing food demand pose major challenges to agriculture.
As, in addition, some currently used synthetic pesticides raise ecological and health concerns, novel
safe and innovative crop protectants are needed. Here, we introduce GreenRelease, a formulation that
can stick essentially any plant protectant to crop surfaces in a rainfast manner. GreenRelease
combines plant surface-attaching peptides with loaded microgel containers. The microgels spread
evenly on treated leaves and form a homogeneous layer that is hardly washed off even during heavy
rainfall. The microgel load can be diverse ingredients (e.g. antimicrobial copper ions or insecticidal
spinosad). The gels provide controlled, and possibly directed release of their plant-protective load.
Proof-of-concept experiments disclosed that copper ion-loaded microgels protect sugar beet from
Cercospora leaf spot (Cercospora beticola), cultivated apple from apple scab (Venturia inaequalis) and
grapevine from downy mildew (Plasmopara viticola) disease. In the greenhouse and field,
GreenRelease was 4-5 times more effective than currently used copper products. The GreenRelease
technology is currently made accessible to other compounds, such as UV protectants.

About the speaker:
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The PEEL program funded by the French PIA-ADEME is a multi-cooperative project that aims to
optimize the extraction of cutin monomers from tomato peel at industrial scale and to use it as an
economical, safe, and efficient formulation to control plant pathogens.
Cutin monomers are known to elicit defence responses and can confer to plants a high resistance
against abiotic and biotic stresses. The release of cutin monomers from cutin polyester naturally
occurs when pathogenic fungi overcome the cuticle barrier through the production of cutinases, along
with other hydrolases such as cell-wall degrading enzymes (i.e. pectate lyases, glucanases, cellulases).
The tomato processing industry produces a large quantity of wet by-products (skin and seeds), that
could be valorised as high added-value raw materials for many applications (polymers, food
ingredients, cosmetics, agro-chemicals). The PEEL project consortia developed i) a process designed to
isolate and dry tomato skins with low consumption of energy, and ii) a selective hydrolysis of the dried
material to yield a cutin monomer extract enriched with monodispersed -hydroxylated fatty acids. It
further demonstrated that a formulated preparation of this cutin monomer extract can elicit several
defence responses when sprayed on apple plants, with an amplitude varying according to the number
and time of application, and to the cultivars. Finally, this natural-based solution was tested for its
ability to control apple scab. Partial control was obtained in greenhouse experiments and in orchard
trials. Results at harvest will be discussed. Taken together these data lead us to propose tomato cutin-
monomer extract as a new biocontrol solution to reduce the use of chemical pesticides.
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Mineral fertilizers and pesticides are essential for feeding mankind. However, their massive use is an
environmental dead end. At the same time, in 2021, we still urinate in drinking water, threatening our
water resources throughout the globe. Yet urine is rich in essential nutrients for fertilization, but not
concentrated enough to be widely used in agriculture with competitivity.
Toopi Organics address all these major issues by developing a green and economically viable
agricultural model based on upcycling human urine into agricultural bioproducts. This frugal
production process to depollute urine and use it as a culture medium for micro-organisms of
agricultural interest allows a real best value for money and anchor a circular economic model. This is
made possible by implementing a global strategy of decentralizing the collection of urine as much as
possible, as well as the production and distribution of bioproducts locally.
Toopi contributes to the European Green Deal through the “Farm to fork Strategy”, “A zero-pollution
ambition for a toxic-free environment” and finally “Mobilizing industry for a clean and circular
economy”. Answering to the target of -20% of fertilizers use by 2030, the solution will also save 10
billion L/y of drinking water (by collecting urine at source without water), €7 billion/y on water
quality, €11 billion/y on health care costs and finally 67 million tons/y of CO2.
The very first urine-based product BACTIPI is composed of a plant growth-promoting and phosphorus
solubilizing bacteria. It is well known that plant growth-promoting rhizobacteria (PGPR) are of great
interest since they are beneficial naturally occurring soil bacteria that colonize plant roots and confer
beneficial effects. BACTIPI was subjected to a marketing approval deposit in France as "Biostimulating
bacterial preparation”. This product is used as a liquid starter on various crops from cereals to
vegetables containing bacteria (Lactobacillus paracasei at 10^8 CFU/ml) in its liquid human urine
medium beforehand filtered and stabilized. These microorganisms produce organic substances,
notably lactic acid and phytohormones, that promote the growth of plants and have soil phosphorus
solubilization actions. Efficacy has been demonstrated in greenhouse trials and 20 field trials
showing the possibility to improve nutrients efficiency and roots and plants biomass.

About the speaker:
Julien SALUDAS, is an agronomist graduated from ENSA Toulouse (2007).
He’s been working in Agribusiness mainly in the field of innovation for 14
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Access to the market of biocontrol products raised new questions, which need to be solved to allow
the development and deployment to these solutions. In this context, the French « Plan de Relance »
gave the opportunity to French technical institutes, coordinated by ACTA, to improve their
methodological tools with the project ABA PIC (Acceleration of Biocontrol and Agro-equipment for
Integrated Crop Protection), to gain skills and be able to better support actors of the agroecological
transition.
As a partner of this project, Vegenov participates in two different actions and chose to work on the
pathotest Botrytis/Tomato. It is well controlled by several biocontrol microorganisms and will
therefore provide results that can then be extended to other issues. For the first action, the
development of tests and methods for monitoring pathogenic microorganisms or biocontrol agents
(BCA) using molecular tools (especially to monitor Bacillus and Trichoderma strains). Detection tools
are developed to monitor viable and non viable micro-organisms, which is key to better understand
the survival and the cinetic of colonisation of both pathogenic and biocontrol microorganisms. In the
second action dedicated to understand factors that may condition the effectiveness of biocontrol
products, a combination of molecular detection tools (developed in the first action) and direct scoring
of the development of phytopathology is used. Different parameters that could influence the
effectiveness of biocontrol products and survival of biocontrol microorganisms are tested in
controlled conditions (compartmented and regulated greenhouses and growth chambers), like abiotic
stresses (UV, leaching, temperature, etc.) but also the impact of combined use of other phytosanitary
treatments on biocontrol microorganisms (compatibility between different products). Finally, the
potential impact of biocontrol microorganisms on the physiology of the plant and especially to
stimulate plant defence (use of qPFD tools, licence INRAE®) is analysed in this project with different
varieties of tomatoes, but also under different abiotic stresses. First results of Vegenov within this
project will be presented during the Plant BioProTech event, including observed incompatibility
between biocontrol products and conventional products but also between biocontrol products.
Moreover, we also observed that products with visible in vitro compatibility could present a reduced
effectiveness in plant trials.

About the speaker:
Emilie HASCOET is project Manager in Plant Health. Her focus are the
evaluation and characterization of biocontrol and biostimulant products, in
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The stimulation of the plant innate immunity by naturally occurring substances is a sustainable
alternative to the use of chemical pesticides and offers additional modes of action to farmers.
However, its transfer to the field remains a major challenge when these substances do not reach a
sufficient level of efficacy, especially for the control of difficult plant diseases. In this respect, the
control of potato late blight caused by the oomycete Phytophthora infestans has always been a major
challenge, especially when it comes to reducing the dependence on chemical fungicides.
COS-OGA is an active substance that combines chitosan oligomers (COS) with pectin fragments (OGA),
mimicking fungal presence and cell wall degradation. The two components synergistically stimulate
plant immunity. FytoSol® is a new COS-OGA formulation developed to fight potato late blight and has
been recently registered on the European market.
To efficiently transfer the solution to the field, the protection kinetics and mode of action of FytoSol
were first studied in the laboratory, mainly on Bintje, a variety highly susceptible to late blight. Three
preventive sprays of the product provided complete control of the disease under controlled conditions
and further bioassays emphasized the importance of repeated sprayings to maintain the primed state
of the plant. A RNAseq study of potato leaves preventively sprayed with FytoSol and harvested 24 h
after infection with P. infestans showed that the COS-OGA treatment induced a major accumulation of
transcripts coding for peroxidases, glutathione S-transferases and pathogenesis-related proteins. The
follow-up of the top differentially expressed genes from the RNAseq study revealed a strong
upregulation within hours following inoculation by P. infestans. The rapid mobilization of potato
defense after infection might be the key to the FytoSol efficacy.
Based on the strategy developed in the lab, field trials campaigns have been set up. In particular, one
trial was conducted with three preventive sprayings of FytoSol at 4 L/ha followed by an artificial
inoculation of P. infestans. Disease monitoring showed a 60% reduction in late blight symptoms,
which demonstrated the potential of the product but pointed out the need to integrate it into a
program. FytoSol efficacy was also assessed within a global strategy comprising a clean-up treatment
with one or three chemical sprayings or combined with copper hydroxide. FytoSol systematically
improved the protection against P. infestans compared to the corresponding controls. The yield of
plots sprayed with FytoSol was statistically higher than the untreated controls and similar to
treatments including chemical pesticides alone. This observation suggests the total absence of
metabolic cost following COS-OGA sprayings. The integration of FytoSol® into a program therefore
contributes to reducing the amount of chemical pesticides while maintaining a high level of protection
against potato late blight.

vAbout the speaker:
Géraldine VAN AUBEL has a master's degree in bioengineering and a PhD on
the mode of action of COS-OGA, an elicitor of plant innate immunity. She
then joined FytoFend, a company that develops and markets innovative
compounds for plant protection.



Mycorrhizal arbuscular fungi, a high potential solution for 
adapting plants to climatic changes 
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EXCALIBUR (H2020 project, 2019-2024 - grant agreement No 817946), aims to test new
multifunctional soil microbial inoculants (bio-inocula) and bio-effectors on three model crops of
economic importance: tomato, apple and strawberry. During this project, effects of/on native
biodiversity will be monitored. EXCALIBUR will develop a comprehensive strategy of soil
management improving the effectiveness of biocontrol and bio fertilization practices in agriculture.
In this context, INOCULUMplus performs field and greenhouse trials with mycorrhizal arbuscular fungi
(with or without other microorganisms or bio-effectors) on tomato. 

Results obtained in greenhouse trials will be shown. Mycorrhizal arbuscular fungi have been used for
testing their ability to induce a plant resistance to abiotic stresses: water and nutrient deficiencies.
Results of experimentations showed that addition of AMF allowed a better growth of tomato plants
under water deficit (20% reduced availability) and limited nutrient availability (30% reduced
availability). When both levels of deficit increased (40% and 50%, respectively), tomato plants
inoculated with AMF showed a growth similar to the control receiving full level of water and
nutrients. The results support the findings indicating that bio-inocula based on mycorrhizal fungi
represent a high-potential solution for adapting agriculture to new climatic challenges.

About the speaker:
Janie BOUVET is co-owner of INOCULUMplus. She is in charge of the
marketing and commercial development of INOCULUMplus. She has
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Filamentous fungi comprise some of the microbes with the highest potential to exert beneficial
effects on plant protection and plant nutrition. However, to date humankind can produce only
0.001% of all known filamentous fungi in industrial bioreactors, and consequently only very few
species have made it into widespread use in agriculture. 
Main challenge to industrial production is their mycelium. While stirred tank reactors (liquid
fermentation) shred the mycelium to pieces, solid state fermentation (SSF) is regarded as hardly
scalable due to the high risk of contaminations, lack of process control, and laborious product
recovery from solid material.

In the course of the EU funded project MycoProScale Evologic Technologies developed Mycotec, a
novel fermentation process replacing the solids of SSF by a biopolymer, protecting the sensitive
mycelium and allowing even conidia to form. Mycotec will enable the production of filamentous
fungi at large scale yielding stable pure and safe fungal products. 

About the speaker:
Dr. Wieland REICHELT is one of the co-founders and CEO of Evologic
Technologies. He has a background in molecular biology and a PhD in
chemical Engineering. Together with his team he is developing,
optimizing, and scaling bioprocesses for live microbes.
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In nature, plants are constantly challenged by different biotic stresses, to succeed they have evolved
plethora of complex strategies. When a pest or a pathogen attacks the plant, some plant endogenous
molecules are released by damaged cells and perceived by adjacent intact cells producing and
amplification of the plant immune responses. These endogenous danger molecules are known as
Damage Associated Molecular Patterns (DAMPs). Among DAMPs, phytocytokines are peptides that are
released actively, often involving synthesis or processing from a larger precursor, as it is the case of
tomato Systemin.
In our study we found that exogenous treatment of Systemin enhanced primary and defensive
metabolism in tomato inducing resistance against the necrotrophic pathogen Botrytis cinerea. In a
holistic approach we made a non-targeted analysis of the proteomic and metabolomic rearrangement
triggered by Systemin in the absence and the presence of pathogen challenge. On the one hand,
systemin treatment affected many pathways of the primary metabolism such as TCA, glucolysis and
lipid biosynthesis at the proteomic level. On the other hand, we observed that at the metabolomic
level the major changes occurred after the infection, displaying a typical priming profile. A study of the
enzymatic activities revealed that Systemin boosts the primary metabolism at very early timepoints
accumulating energy, which may prepare the plant for a future attack, whereas at later time-points,
after infection, stronger changes are observed at the secondary metabolism level, very likely to
accumulate defense molecules that will help the plant to cope with the infection.

About the speaker:
Julia PASTOR's PhD main goal research is to find small peptides that induce
resistance in plants and determine their mode of action in the plant by
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Ascaroside #18 primes plants for enhanced defense
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Nematodes are ubiquitous plant parasites that cause >150 billion US$ crop losses each year.
However, when plants recognize nematode-specific small molecules called ascarosides, they activate
defense and develop resistance to nematode infection. The mode-of-action of ascarosides in this
process remained unknown. We show that pretreatment with the most abundant ascaroside (ascr)
#18 conditions cultures parsley suspension cells for enhanced activation of furanocoumarin
phytoalexin secretion. This finding suggests that activation of defense priming is a mode of action of
ascr#18-induced resistance to nematodes in plants. Consistent with this assumption, pretreatment
with ascr#18 primed Arabidopsis for more robust defense gene activation upon Pseudomonas
syringae pv. tomato DC3000 infection. To disclose the molecular mechanism by which ascr#18
conditions defense genes for more robust activation, we applied formaldehyde-assisted isolation of
regulatory DNA elements (FAIRE). By doing so we showed that treatment of Arabidopsis plants with
ascr#18 extrudes nucleosomes from the 5’-regulatory region of marker genes of priming.
Nucleosome extrusion was associated with the formation of open chromatin in the 5’-leader region
of gene and with an enhanced readiness of gene to be activated. Consistent with the induction of
defense priming in Arabidopsis, ascr#18 protected different crop plants against a variety of
pathogens. Thus, ascr#18 and possibly other ascarosides seem to have huge potential for natural
compound-based sustainable crop protection.

About the speaker:
Andrea MANTAI is a PhD student working in the group of Uwe Conrath at
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Numerous elicitors of plant defence mechanisms have been identified and tested during the past 15 years on
different plant pathogens or pests. Sustained efforts have been made with the objective to use them, when
inserted in integrated pest management programs (IPMs) in the field. Yet, these attempts have often yielded
inconsistency despite interesting results in the lab.

The interest, and the strong investment on exogenous elicitors by stakeholders, took advantage of the knowledge
gained from extensive studies on plant-triggered immunity or PTI, which is one part of plant immunity. This
knowledge was developed on different model crops or plant species, including Arabidopsis thaliana. Briefly, PTI
relies on the perception of pathogen/microbe-associated molecular patterns (P/MAMPs), such as bacterial flagellin
or fungal chitins. Following the perception, elicitors activate PTI. This results in the induction of a series of early
events such as reactive oxygen species (ROS) production, followed by the activation of mitogen-activated protein
kinases and phytohormone signalling. Finally, defence molecules such as Pathogenesis-Related (PR) proteins and
antimicrobial compounds are being produced. The nature, the diversity or the extent of antimicrobials compounds
may contribute to the success of the overall defence strategies, when elicitors are applied in IPMs. Antimicrobials
compounds are associated to different families of secondary metabolites, each having its specific chemistry and
mode of action toward pathogens. 
It is known that early transcriptomic responses to P/MAMPs are mostly identical, regardless of the elicitor being
used. However, it appears that late transcriptomic changes induced by different elicitors are also generally
common, although they were found in some cases, elicitor-dependent. At metabolic level, it remains poorly known
if patterns of antimicrobial compounds produced are elicitor dependent. Answering this question could help to
predict the spectrum of antimicrobial compounds produced by a single, or a consortium of elicitors, and might
result with an improvement of the disease management in the field. 

Taking advantage of unique available genetic resources in Arabidopsis, as well as genetic and metabolomic
approaches, we have undertaken a thorough analysis of Arabidopsis metabolome following application of different
elicitors. Preliminary results suggest that the induced metabolomes are elicitor dependent. In addition, application
of two or a consortium of elicitors yielded a pattern distinct from the one presented by each elicitor, taken
individually. Undergoing research evaluates the efficacy of these combinations of elicitors on the development of
symptoms in Arabidopsis thaliana rosettes inoculated with the pathogenic bacterium Pseudomonas syringae pv
tomato DC3000.
This work will enable a better understanding of plant response to elicitors, which might help to envision a brighter
future for their use in the field.

Key words: plant defence, elicitors, metabolomics, Arabidopsis thaliana.
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Phosphorus deficiency is a severe constraint to optimal crop production. In addition, phosphate
fertilizers have a very low efficiency due to rapid fixation by soil particles. Moreover, availability
of phosphorus is strongly influence by Iron oxides, including goethite, which have a high
adsorption capacity and strongly influence the availability of phosphorus. Thus, most of the
phosphorus accumulates in the soil into unavailable forms for plants. In order to acquire iron,
some microorganisms produce siderophores, organic ligands with a high affinity and specificity
for iron. Many studies show the influence of siderophores on the dissolution of various iron
oxides. In this context, pyoverdines are one of the most interesting molecules, due to their
powerful chelating properties. They are produced by fluorescent Pseudomonas, including
numerous PGPR strain. For our experiments we use a particular pyoverdine produce by
Pseudomonas putida BTP1. This strain is known to induce systemic resistance in bean against
Botrytis cinerea. Our work is devoted to the study of the effect of the dissolution of goethite
induced by pyoverdine, on the co-solubilization of phosphate ions, initially adsorbed on the
surface of goethite. To do this, synthetic goethite and soil samples were set in contact with a
pyoverdine solution of P. putida BTP1 as well as oxalate solutions at pH 6 for 8, 12 and 24 hours.
Fe and P released by siderophores are quantified by ICP-AES. The results showed that
pyoverdine solution allows effective dissolution of iron and co-solubilization of phosphorus
contained by goethite and soil samples. Pyoverdines, and more generally siderophores, could be
a potential strategy for mobilizing unavailable forms of phosphorus in soils.

About the speaker:
Félicie GOUDOT is a PhD student at UMRt BioEcoAgro studying the effects
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Sphingolipids are ubiquitous molecules contained in all eucaryotes. They are characterized by a
strong structural diversity and constitute at least 40% of plant plasma membranes. Sphingolipids
were mostly known as modulators of membrane integrity and permeability to ions, while they now
emerge as important players in plant responses to (a)biotic stresses. Notably, we previously reported
that Arabidopsis thaliana mutants in sphingolipid biosynthesis exhibited an increased susceptibility
to the dreadful hemibiotrophic bacteria Pseudomonas syringae.

Plant innate immunity, like in mammals, mostly relies on the recognition of invasion patterns
stemming from pathogens by proteinaceous receptors present either at the plasma membrane level
or in the cytoplasm. In an incompatible interaction, this recognition quickly triggers the
hypersensitive response (HR), which consists in a rapid programmed cell death at the site of infection,
thus preventing the spread of the bacterium. Here, we highlighted that inoculation of bacteria and a
sphingolipid suppressed HR on plant leaves. Our goal was thus to decipher the molecular
mechanisms governing the roles of this sphingolipid during such interaction.

Considering the fact that this sphingolipid does not exhibit any direct antibacterial effect, we
undertook combined biological, biophysical and microscopical experiments to answer a number of
questions: Is the absence of HR specific to this sphingolipid, to this plant/bacterium interaction? How
the plant immune system is stimulated? Does the sphingolipid have an effect on the plant or on the
bacteria or on both of them? Our results will be discussed and, in fine, would help to design
alternative and innovative control methods whereby sphingolipids could be used as natural elicitors
of plant defenses.

About the speaker:
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Pathogens are the cause of devastating diseases and significant tomato crop losses worldwide. While
resistance traits exist in wild tomato populations, transferal of this resistance to cultivated tomato has
thus far not been successful. A well-known concept in the world of plant immunity is that of induced
resistance (IR). We propose that tapping into plant immune priming using genetic manipulations of plant
immunity, generating constitutively immuno-activated plants, can result in increased pathogen
resistance. Here we present two examples of constitutively primed plants that were obtained using
genome editing, one by knocking out an immune- decoy receptor, and the other by constitutively
activating a plant immunity-signaling hub. Both resulted in broad-spectrum resistance to plant
pathogens without impairing fertility or agricultural traits, indicating this is a promising new
environmentally friendly approach for combating plant disease.
Biocontrol of plant diseases has long been a sought after replacement to pesticides. One of mechanisms
behind biocontrol is IR in the plant. Trichoderma harzianum isolate T39 has previously been used
commercially in the control of fungal pathogens, in a mechanism of induced systemic resistance (ISR).
T39 induces transcription of defence genes and secretes compounds that can move within the plant.
One of these compounds is the protein known as EIX- Ethylene Inducing Xylanase, which is produced and
secreted by several species of trichoderma. EIX induces defence responses in tomato and other types of
Solanaceae. The plants' response to EIX is controlled by a pattern recognition receptor (PRR), known as
LeEix2. An additional receptor known as LeEix1 also exists in the Solanaceae. Both can bind EIX, but only
LeEix2 transmits defence signals leading to systemic resistance. LeEix1 functions as a decoy receptor,
attenuating the defence responses transmitted through LeiEix2. We have generated LeEix1 knockout
tomato plants using CRISPR-Cas9, and demonstrate that they have amplified systemic immunity, are
more responsive to T39, and are more resistant to pathogens. 
In parallel, also using CRISPR-Cas9 technology, we created a targeted gain of function mutation in the
immune receptor NRC4a. NRC4a is a helper NLR acting as a hub for immune-signaling through various
sensor NLRs and PRRs. By editing NRC4a, we were able to generate a stronger immune system output
and increased disease resistance against a wide spectrum of pathogens and pests. The gain of function
mutation lines exhibited higher elicitor-mediated defense responses and enhanced biotic resistance,
suggesting that slnrc4a mutated lines are genetically immuno-activated.
IR can be sensitized by priming, potentiating defensive capacity after sensing diverse stimuli. Our work
suggests that genetically enhancing innate immunity may be agriculturally superior to priming
strategies, with an upregulation in defense responses free of the requirement for priming agents,
leading to better reproducibility and agricultural performance.

About the speaker:
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How to optimize the use of biocontrol products? 
The case of genotype and climatic conditions 
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Integrating BioPPPs into agricultural practices is more complex than a simple substitution of
synthetic PPP because many factors can affect their effectiveness. Such factors include the plant
genotype and the conditions of application. In order i) to identify plant resistance inducers (PRIs)
with high eliciting activity in carrot and ii) to better understand the sources of variability of their
action, we first developed a tool allowing the simultaneous quantification of 28 genes involved in
carrot defense by quantitative PCR, called qPFD® Carrot. Then qPFD® analysis and protective tests
were performed on a range of carrot genotypes grown under different environmental conditions,
sprayed by a range of BioPPPs including PRIs and inoculated with the fungus Alternaria dauci,
responsible for leaf blight. 
Our results allowed to distinguish PRIs from other BioPPPs, to highlight the impact of high
temperatures on BioPPPs effectiveness and to evaluate the plant receptivity to the PRI depending on
genotype. On the basis of these results, we can propose some operational recommendations to
farmers looking for alternative crop protection practices. 

About the speaker:
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Natamycin, a new natural fungicide for postharvest: Opportunities and challenges. 
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Natamycin (also known as pimaricin) is a natural fungicide, firstly isolated in 1955 from a fermentation
broth of a Streptomyces natalensis cell culture. Today, Natamycin is commonly used in the food
industry and registered as Food Additive in several territories in the world (E 235). Natamycin has the
potential to be an effective tool to control postharvest pathogens of citrus and other fruits. Recently,
Natamycin was registered by EPA in the US as postharvest natural fungicide (biopesticide registration).
The use of Natamycin-based formulations, including Uniguard™, presents a lot of technical advantages
but also several barriers. The current presentation will describe in detail why natural fungicides in
general and Natamycin in particular, are not always easy to apply in postharvest. Firstly, the in vitro
and in vivo efficacy of this compound on different postharvest pathogens, including wild-type and
resistant Penicillium spp. will be discussed. Also, the compatibility of Natamycin-based formulations in
commonly used postharvest practices will be addressed, as well as the possible degradation of the
active substance in low and high pH environments. Finally, the regulatory landscape related to the use
of Natamycin at global level will be presented. 
 

Key words: Pesticide, Natamycin, Biopesticide, alternative technologies, innovation, research,
regulatory. 
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Phage predation of plant-beneficial Pseudomonas: Genetic and evolutionary basis of a
bacteriophage receptor in Pseudomonas. 
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Pseudomonas protegens is a root-colonizing biocontrol agent with activities against plant pathogens
and pest insects. When used as inoculant in the rhizosphere, the bacterium is subject to competition
and predation that interfere with its biocontrol success. We have identified a lytic Podoviridae
bacteriophage that targets P. protegens and hampers its capacity to protect the plant. To get insight
into the molecular basis of the phageimposed limitation of P. protegens as a biocontrol agent, we
searched for potential phage receptors in the P. protegens model strain CHA0. We exposed a high-
density Tn-mutant library of CHA0 to the lytic phage and performed a Tn-seq analysis on the bacterial
survivors to identify the CHA0 genes involved in the phage sensitivity. Additionally, we obtained and
sequenced natural variants of CHA0 that are resistant to the phage and proceeded to variant-calling
analysis to determine genetic mutations involved in natural phage resistance. We identify the
bacterial cell surface decorations that are involved in the interaction between P. protegens the
Podoviridae phage. We obtained new insights into the exchange dynamic of genetic determinants
specifying cell surface glycan decorations between bacteria from different genera that share the
same ecological niche. 

About the speaker:
Jordan VACHERON is a senior scientist at the University of Lausanne,
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established themselves within the root microbiome. 



Screening, efficacy, and modes of action of bio-sourced and bio-inspired microbial
biocontrol compounds on the wheat-Zymoseptoria tritici pathosystem
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Zymoseptoria tritici, causing Septoria tritici blotch, is one of the most agro-economically damaging
pathogens on wheat crops worldwide, causing up to 50% yield losses. In the current context
encouraging agroecology and the increasing pressure to reduce the use of conventional pesticides in
agriculture, new eco-friendly solutions, such as biocontrol, need to be found to manage this fungus in
a sustainable manner. The main objective of the present study was, thus, to identify new effective
biocontrol compounds on the wheat-Z. tritici pathosystem and to decipher their modes of action. In
total, we screened in vitro a set of 181 microbial compounds (fungal and bacterial extracts,
rhamnolipids, lipopeptides) to assess their antifungal activity towards the fungus. The most active
compounds were then selected to verify their protection efficacy in planta. The ability of 19
rhamnolipids (RLs) to control the pathogen was explored and a structure-activity relationship study
revealed that bioinspired RLs with ether or ester links and a 12-carbon hydrophobic fatty acid tail
were the most effective for all tested biological activities, including biocide effect, wheat defense
elicitation, and protection efficacy. Among them, RhEst-C12 was the most promising compound, with
a conferred protection efficacy in planta of 79%. Furthermore, the potential of Rh-Est-C12 as well as
mycosubtilin, a lipopeptide also effective to protect wheat against Z. tritici, to induce wheat defenses,
was investigated using a combined transcriptomic and metabolomic approach. The RL did not induce
any major disorganization of the wheat leaf physiology, likely protecting the host mainly
through its direct activity against Z. tritici, while mycosubtilin would display a dual mode of action
based on its direct antifungal effect as well as plant defense priming. Mycosubtilin would prime
wheat by interacting with its plasma membranes leading eventually to flavonoid accumulation and
other abscisic acid-dependent responses.
This study provides new insights into the identification of promising biocontrol compounds on wheat
against Z. tritici. 

About the speaker:
Remi PLATEL is an agronomic engineer and post-doctoral researcher in
plant pathology and biocontrol, working mainly on the wheat-
Zymoseptoria tritici pathosystem and on the use of microbial compounds
to induce resistance within the host plant.



Selection of new microbial antagonists against Neonectria ditissima
through a systematic stepwise antagonist screening approach
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Neonectria ditissima is the causal agent of European fruit tree canker disease. This pathogen causes
cankers on apple twigs, shoots and the main stem, which may lead to the loss of the whole tree. While
chemical control is the essential component in the management of this disease, no suitable
biocontrol products are commercially available. The aim of this study was to select potential
microbial antagonists against N. ditissima through a systematic stepwise antagonist screening
program for the development of a new biocontrol product. Samples of apple branches showing
canker symptoms were collected from different varieties and locations in Belgium, Germany, the
Netherlands, Norway and Sweden. A total of 520 potential candidates were isolated from cankered
and healthy wood. These candidates belonged to 44 different microbial groups, being the most
abundant Alternaria spp. (22.2%), Aureobasidium pullulans (16.1%), Cladosporium spp. (9.5%) and
Fusarium spp. (9%). Spore production, spore storage survival, cold tolerance, drought tolerance and
UV-B resistance were tested per each candidate. Preliminary risk assessments (no
germination/growth at human body temperature) were also conducted. These first screening steps to
assess important characteristics for application of biocontrol candidates in the phyllosphere were
performed in reliable and cost-effective in vitro assays, and allowed to reduce the number of
candidates to 252 (more than 50% of the initial collection). Information of the identified species
regarding human/animal/plant pathogenicity, toxicity and ecology was collected in medical and
microbial databases. 158 candidates belonged to species that did not show potential risks for
humans, animals, plants or the environment. Their antagonistic behaviour against N. ditissima was
assessed in bioassays in planta. Each candidate was inoculated in apple branches cv. Elstar together
with N. ditissima. Inoculated branches were incubated at 17 °C, 16 h light per day and HR>90%. After
four weeks, canker symptom expression was visually assessed. The capacity of the candidates to
prevent the growth of N. ditissima along the branches was also evaluated using a qPCR assay
designed to specifically detect N. ditissima DNA. Some of the candidates reduced the growth of N.
ditissima along the branches by more than 90% and no canker symptoms were observed in those
branches. These candidates were selected as potentially marketable N. ditissima biocontrol agents.
The presented systematic and cost-effective screening approach ensured that the selected
microorganisms with high antagonistic properties against N. ditissima also fulfilled major criteria
regarding commercial production and safety, as well as ecological needs for the applications on the
field.

About the speaker:
Georgina ELENA is a plant pathology scientist at Wageningen University &
Research (WUR) with research topics on management and control of fungal
plant pathogens using biological control agents.



Application of Multiplex-qPCR approach for the detection of Pyrenophora
teres in barley leaves
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Barley (Hordeum vulgare L.) is one of the major cereal crops in the world. It was mainly cultivated
and used for human food in the last century but nowadays it is significantly grown for animal feed,
malt products and human food respectively. The fungus Pyrenophora teres Drechsler (anamorph
Drechslera teres [Sacc.] Shoem.) is the causal agent of barley net blotch, Pyrenophora teres occurs as
two forms: Pyrenophora teres f. teres (Ptt) has nettype symptoms and Pyrenophora teres f. maculata
(Ptm) has spot-type symptoms. Similar to other stubble-borne diseases, net blotch has gained
economic importance and has become a major disease in many barley-growing areas worldwide.

The rapid development of high-throughput sequencing technology and bioinformatic tools have led
to an understanding of pathogen population dynamics, which is important in disease management
due to the complexicity of targeting the pathogen’s form present in the field prior to symptoms
expression. The objective of this study is to develop a molecular tool based on Multiplex-PCR for
rapid and sensitive in-planta detection of both forms of Pyrenophora teres Ptt and Ptm during the
earlier stages of infection To develop consensus and specific primers, we used comparative genome
approaches with non-coverage genomic regions methods as target to differentiate Ptt and Ptm.

About the speaker:
Yassine BOUHOUCH is a PhD student between the University of Reims
Champagne-Ardenne, and Moulay Ismail University, working on the ‘Study
of the virulence of Moroccan populations of Pyrenophora teres and
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Assays of bacterial biostimulants in CBD hemp (Cannabis sativa L.) 
showing favourable effects on growth and flower production.
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Thirty bacterial strains, isolated from soils or endophytes to diverse plant species, belonging to the
genera Bacillus, Pseudomonas, Paenibacillus and Kokuria were tested by inoculating potted hemp
(Cannabis sativa L) indoors cultures of the cannabidiol (CBD) variety Silver Haze V1. Plants were
grown for four week and growth assessment allowed to select the best biostimulant candidates.
Parameters measured were chlorophyll content, crown diameter, shoot fresh and dry weights and
internodes lengths. After this first selection round, five bacterial strains were retained for evaluation
on growth, flower yield and cannabinoids contents of hemp after 12 weeks- culture until flowering
and harvest. These strains were Paenibacillus sp. GDS96 UASWS1643, Priestia aryabhattai B29
UASWS1812, Bacillus simplex B33 UASWS1816, B. amyloliquefaciens BA5 UASWS1607 and
Pseudomonas koreensis UASWS1668. Inoculations of Paenibacillus sp. GDS96 UASWS1643, P.
aryabhattai B29 UASWS1812 and B. amyloliquefaciens BA5 UASWS1607 induced statistically
significant increase (11-18%) in crown diameter, when compared to non-fertilised plants.
Paenibacillus sp. GDS96 UASWS1643 even induced 14.5% increase in crown diameter, if compared
to the positive fertilized control. Paenibacillus sp. GDS96 UASWS1643, B. amyloliquefaciens BA5
UASWS1607 and B. simplex B33 UASWS1816 induced higher chlorophyll contents. In terms of
increase in dry flowers yields, all inoculations produced more dry flowers weight than the negative
control, but Paenibacillus sp. GDS96 UASWS1643 and P. aryabhattai B29 UASWS1812 yielded 20.6%
and 24.7 % more flowers weight than the negative control and 8.5% and 12.5% more than the
positive control. They also yielded more CBD content.

About the speaker:
 Dr François LEFORT has been Full professor at the HES-SO University since
2022 and is leading a research group in Plant Health, focusing on microbial
and non-microbial biostimulants and microbial antagonists of pathogenic
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Seeds of old wheat varieties are prime targets for identifying effective bacterial
biofertilizers to improve the productivity of the wheat crop

by Dussart, J.F. (1) and Duponnois, R.(2)

(1) Eléphant Vert, 5 cours du Danube, Serris, France
(2) LSTM, Univ. Montpellier, IRD, CIRAD, INRAE, SupAgro, Montpellier, France

Context and objectives

Since the beginning of farming, wheat (Triticum aestivum) has been one of the most cultivated and
consumed crops. It has the wider adaptation of all crop species all over the world, which makes wheat
one of the crops taking a high percentage of arable land.
In the context of the European Green Deal in which climate change and environmental degradation
are an existential threat to Europe and the world, the challenge is to improve the well-being and
health of citizens and future generations by providing, among other topics, healthy soil and
biodiversity. It is well known that soil microbial diversity offers large opportunities to ensure the
increase of yield and the protection of crops. In particular, it has been shown that the tissue
colonization was one of the mechanisms that could be implicated, enabling plant to “select” their
microbiome to face its difficulties or improve growth. This particular niche of bacteria could implicate
a peculiar fact, they can have beneficial effects on plant growth and defense against other pathogenic
strains while being provided with a shelter, protected from environmental conditions, and with an
advantageous localization, compared to other rhizospheric strains.
Considering that domestication of plant species caused a strong decrease in the genetic diversity of
modern wheat cultivars that may have affected the ability of plants to establish beneficial
associations with rhizosphere microbes, this research project aims to characterize beneficial
endophytic bacterial strains isolated from wheat seeds of old wheat cultivars in order to develop
biofertilizers products.

Technical approach and results

Bacterial strains (more than 50) were isolated from ancestral wheat cultivars, screened for their
functional properties (i.e. solubilization of inorganic phosphates, IAA production, nitrogen fixation,
etc). The bacterial isolates providing more than two of these properties were identified and tested for
their effect on the development of modern wheat cultivars on disinfected or not cultural substrates in
glasshouse conditions. Our results show that 10 % of the tested bacteria are able to increase the
wheat development in controlled conditions. They belong to the Pseudomonas and Bacillus genera.

Conclusion

These results show that seeds of old wheat cultivars constitute a relevant niche to isolate performant
bacterial biofertilizers. As they mainly belong to the Bacillus sp. with known properties (i.e.
sporulation capacity), further researches are needed to formulate efficient biofertilizers products.

About the speaker:
Jean-François DUSSART is RD Project Manager Biocontrol product and
biostimulant at Eléphant Vert Company. He has worked more than 10 years
in agronomic experimentation.



A proof of concept for biostimulation using an encapsulated formulation
prototype of Paraburkholderia phytofirmans, produced by microfluidics
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A great challenge in today’s agricultural practices is their integration in the green economy cycle. With
synthetic and semi-synthetic fertilizers being highly recalcitrant in nature, the use of natural sources
of active principles for biostimulation is a must. Also, an increasing interest in developing
environmentally friendly fertilizers is found in today’s European guidelines for environment
protection.
Paraburkholderia phytofirmans PsJN is a well-known plant-growth promoting rhizobacterium (PGPR).
Kapsera SAS has developed a cutting-edge technology for the formulation of PGPRs, including PsJN,
based on microfluidics encapsulation. Microcapsules consisting of a polymeric shell and an aqueous-
core solution contain a biologically active and viable PsJN biomass.
Through optimization of the encapsulation process we have produced microcapsules that are
compatible with most irrigation equipment used in agriculture. We also obtained PsJN titers
comparable to other biological agents found in the market. Starting from a non-optimized culture-
medium, we were able to encapsulate PsJN at 1011 CFU/kg of dry capsule powder. Screening of
stabilizing agents and drying methods applied to wet capsules of PsJN, showed that natural
disaccharides can protect the bacterial cells during formulation and drying. Concentration of the
protecting agent was optimized and was compared to yeast extract and skimmed milk. This
optimization assured stability of PsJN titers in shelf life at 4°C and 25°C to up to 3 months.
To increase the number of bacteria inside the capsule, we performed the optimization of PsJN culture
media to produce biomass used in encapsulation. Through the OCAT (one component at a time)
method, we modified the old tryptone soy broth recipe to produce higher concentrations of viable
PsJN cells. Following the modification of the C/N ratios (3 :1, 6 :1, 10 :1 and 20 :1) we found that the 6
:1 ratio allowed a maximal growth of 1.73x1013 UFC/L of bacteria as compared to the lowest ratio (3
:1) which allowed growth of only 2.28x107 CFU/L. By switching glucose to fructose as carbon source,
the C/N ratio 10 :1 promoted the growth of PsJN to 3.6x1013 CFU/L. Capsules produced with this
biomass had higher conformity and a ten-fold increase in biomass content as compared to the
traditional recipe which gives 1x1011 CFU/kg of dry powder.
We have tested our encapsulated biomass of PsJN in greenhouse biostimulation assays using barley
and other plants like tomato and corn. For barley, treatments consisted in comparisons made between
a non-treated control with seeds coated with the microcapsules, foliar spraying at 3-leave stage and at
full tillering. Results show a tendency to a higher dry biomass yield when treated with PsJN capsules
at 3-leaves stage followed by treatment at full tillering. The number of ears per plant was not affected
by any of the treatments as neither did the average ear weight and the thousand kernel weight (TKW).
Our work outlines the great potential of our technology for formulation of biostimulation agents and
opens the doors to possible customized treatments for growth promotion using natural agents.

About the speaker:
Sebastian LOPEZ is head of the microbiology laboratory at Kapsera, an
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How to demonstrate your biostimulant’s efficiency against 
phosphorus starvation through molecular tool development?
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The bioavailability of macronutrients are the main growth and development limiting factors for plant.
To overcome it, "Biostimulants" are interesting alternative by stimulating natural
processes/mechanisms to improve nutritional efficiency, tolerance to abiotic stress, crop quality.

Currently, conventional agronomic assessments (height, yield, plants architecture…) measured in field
or in laboratory (under controlled conditions), provide indications regarding the products’ effect on
the plant physiology but need to be reinforced through innovating approaches.

STAPHYT-Laboratory seeks to develop molecular biology tools to comfort the efficacy of
biostimulants by analyzing the activation of intrinsic mechanisms to the plant such as the transport or
metabolism of nutrients.

Accurately, we are developing a test to evaluate the biostimulants ’effect against phosphorus-
deficiency in wheat and tomato. Thus, targeted marker genes, whose expression is linked to
phosphorus transport, have been first identified. The products’ capacity to modulate these selected
genes’ expression was then evaluated by RT-qPCR.

For that purpose, an in silico meta-analysis was developed to generate specific primers. This
methodology is based on the alignment of the multiple sequences available for a marker gene
described in the literature and the comparative use of different primer analysis softwares. Therefore,
primers could be designed for each gene and species.

The first results of RT-qPCR analyses performed on biostimulated and/or phosphorus-deficient plants
will be presented and compared to conventional agronomic analyzes. This overall strategy could be
further extended to the evaluation of biostimulants against other stresses.

About the speaker:
Rémi CHAMPION, Engineer, is responsible for the development of
innovative experimental system to test the impact of biostimulants and
bionutrition products on plant physiology at different level. He joins the
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Enhancing plant tolerance to abiotic stress by exogenous application 
of natural signal molecules 
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Beneficial microbials or complex bioactive mixtures extracted from natural sources are used to
enhance plant tolerance to abiotic stresses. This first generation of commercial products have
successful been used to optimize nutrient uptake, crop yield, quality, and tolerance to abiotic stresses.
In this work, the approach is completely different, and consists of using a well-defined molecule acting
as signal in plant to develop new plant bio-products. Signal molecules naturally occurs in plants, but at
a such low concentration that extraction from plants material is often not economically viable.
Alternatively, these biomolecules can be produced by eco-friendly bioprocess. This presentation will
also explain how this innovative molecule acts like pre-activator of the plant tolerance mechanism to
stressful situations. When exogenously applied on plants, this biomolecule is perceived by the plant
cells and trigger a noteworthy changes in genes transcription across multiple processes (response to
water deprivation, osmotic and salt stress,…), pathways (ABA, JA, GA-), and cell functions. This
reprogramming of the plant metabolism modulates some key plant responses to abiotic stresses,
including the accumulation of osmo-protectants like proline and other low molecular weight
metabolites, changes in the activities of ROS protective enzymes (SOD, APX) and accumulation of
anthocyanins, among others. 
In addition to the results explaining the mode of action of this signal molecule on plants, some
experiments simulating water stress in radish and wheat seedlings under controlled conditions and the
performance of the formulated product in field condition on wheat, tomato, soybean and peas will be
shown and discussed.

About the speaker:
Guillaume WEGRIA completed his Bio-engineer degree with a master's
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Use of Black Soldier Fly frass to fertilize organic crops 
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Organic farming is facing considerable growth in Europe with land surfaces in France converting from
traditional to organic agriculture which has doubled between 2014 and 2019. The potential of Black
Soldier Fly (BSF) frass is explored as a sustainable and performant fertilizing solution to address the
challenges associated with the transition towards organic farming, in particular increased constraints
on authorized fertilizing raw materials, a shortage of traditional materials to meet rapid growth, a shift
towards a holistic approach to plant nutrition and soil health as well as consideration of related
environmental impact. 

Characterized by a well-balanced NPK (3-4-3) profile and a unique nitrogen mineralization dynamic BSF
frass can provide efficient fertilization of organic cultures over time by combining readily available
mineral nitrogen (25%) for plant nutrition with slow release of organic nitrogen (75%) to enable long-
term soil regeneration. In this experiment, trials were conducted across wheat and beetroot organic
crops to test the impact of insect frass fertilization.

Results demonstrated up to 14% higher crop yields for wheat and 9% for beetroot in crops treated
with BSF frass compared with traditional organic fertilizers. Beyond the availability of nitrogen, the
improved agronomic performance could be explained by the enhancement of the soil’s microbiological
activity. Increased microbiological and enzymatic activity of beneficial bacteria has been demonstrated
with application of BSF frass, specifically activity of Corynebacterium sp, Acinetobacter sp and
Arthrobacter sp enabling superior assimilation of nutrients and activity of Corynebacterium sp enabling
accelerated degradation and assimilation of organic matters. .
These results are encouraging to consider the use of BSF frass in organic farming as a performant and
sustainable solution to support transition towards organic farming.

About the speaker:
 David LEBRET is in charge of the Plant Nutrition segment at InnovaFeed, the
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A bioassay to valorise seaweed extracts for use in plant stress protection
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The development and validation of products for crop protection require significant investments of
time, material and personnel. Our transition towards a more circular economy raises the need for
finding novel ways to valorise natural resources and industrial by-products. Innovative screening
technologies play a key role in this process by identifying and characterising candidates for potential
applications. For the growing sector of treatments aimed at plant stress protection we propose a
bioassay to accelerate and focus the search for active compounds.

Seaweed extracts have been used in agriculture for hundreds of years and are now experiencing a
revival. In order to suggest a seaweed extract for use as biostimulant or biocontrol agent on crops the
screening technique works with isolated plant cells and reveals which extracts activate or suppress
signalling pathways involved in physiological changes. The bioassay can be targeted towards
hormonal responses (e.g. abscisic acid, auxin), abiotic stress (e.g. water deprivation, temperature
extremes) or immune signalling and offers mechanistic insight into the observed activity. The screen
generates a profile of responses for each extract or compound, thereby facilitating the selection of
promising candidates and informing the transfer to trials at the whole plant level.

Here we demonstrate the suitability of the technology to identify bioactivities in a set of extracts
representing cell wall and cell content fractions from brown, green and red macroalgae collected in
Brittany. We present results from screens of phytohormone signalling and explain the detailed
workflow of the method. In the future, we plan to combine the bioassay with enzyme-assisted
extraction methods to assess the seasonality of algal extracts with regard to their activity on plant
physiology.

About the speaker:
Silke LEHMANN works as plant physiologist. She is interested in responses
to environmental stresses and phytohormone signaling. Following
research projects in England and Switzerland, she joined the Biotechnology
and Marine Chemistry Lab in Brittany.



Commercial aspects of biofertilizers and biostimulants development 
utilizing rhizosphere microbes
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The beneficial microbiomes associated with the rhizosphere provide innumerable benefits to plants
and the environment. They collectively maintain the health and nutrient dynamics of the soil,
sequester/mobilize nutrients to plants, improve plant growth, and defend them from biotic and abiotic
stress. Due to modern cultivation practices and climate change, sustenance and efficacy of beneficial
soil microbiomes have deteriorated over the years. It is therefore essential to identify, mass multiply
and recharge the rhizosphere with the most effective and multifunctional beneficial microbiome.

Regulations and nomenclature for commercializing beneficial microbiomes have differed from country
to country. Guidelines have been proposed for the use of beneficial microbes that are not covered
under the plant protection code. They were, however, not strictly implemented in several countries
due to their safety and green nature. As the global biostimulant and biofertilizer market is expected to
reach USD 4.9B by the year 2025 with an annual growth rate of almost 12%, global regulatory
mechanisms for these have become active since 2018. The overall commercial potential of
biostimulants and biofertilizers is high in Europe followed by North America, Asia Pacific and Latin
American countries.

This talk will highlight the importance of beneficial microbes, benefits, nomenclature, commercial
potential, regulations and importance of uniform global guidelines for product registration. The need
for integrating biofertilizers with commercial fertilizers, introducing new consortia formulations,
economics and bottlenecks will also be discussed. Unless we strive to make the regulations uniform
and simple globally, it will be difficult to increase their adoption widely. 

About the speaker:
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 Endophytic bacteria from Sahara Desert can protect tomato plants against Botrytis cinerea 
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Bacterial endophytes can live inside plant tissues without causing visible damage, on the contrary,
they can provide additional defenses against pathogens by emission of defense compounds or by
enhancing the innate defenses. Several studies highlight the role of endophytic bacteria in systemic-
induced resistance (ISR) in different pathosystems, as well as their role as a plant- growth-promoting
bacteria. In the present study, different bacteria have been isolated from plants living in extreme
conditions, specifically, in the Sahara Desert. 
Most of the bacteria could protect tomato plants against the pathogen Botrytis cinerea, even using
different experimental environments. Moreover, the endophytic-induced resistance (EIR) was
correlated with the capacity to prime callose at the site of infection. It was also demonstrated that
these bacteria could emit themselves phytohormones, thus pointing to the possibility to modify the
hormonal equilibrium of the plant. The genus Bacillus was the most present among the bacteria
isolated, and Bacillus mycoides was selected to study the mechanisms underlying EIR. The bacterium
was isolated from different tissues of tomato plants, and as expected, callose was more accumulated
in plants colonized by the endophyte B. mycoides. Salicylicdependent defenses were primed by the
endophytic bacteria, although the JA biosynthesis also contributes to the endophytic-induced
resistance. 
Although the presence of the bacteria in the plant tissue has a strong impact on the total
metabolome of the plant, it was possible to identify some metabolites with priming profiles, that can
be of great interest for plant protection, with no harmful action to the environment. 

About the speaker:
Dr. Victoria PASTOR is a professor at University Jaume I. She is working in
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The biocontrol agent Pythium oligandrum induces growth and disease resistance in Medicago
truncatula without impacting mutualistic interactions
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Pythium oligandrum is a soil-borne oomycete associated with rhizosphere and root tissue and has
been used in different plant systems to control various drastic soil-borne pathogens. Although
numerous studies have shown the effect P. oligandrum on growth promotion and protection, its
impacts on mutualistic interactions and more generally on root microbial community is yet unclear.
Our research aims to understand interactions between P. oligandrum and mutualistic organisms as
well as the overall root microbiota. To do so, we devised a model system using the legume model
Medicago truncatula and P. oligandrum strain M1, a commercially available strain. Our results showed
that P. oligandrum increased M. truncatula biomass and yield and a similar observation was drawn for
P.sativum. Likewise, P. oligandrum soil inoculation induced multiple defense pathways in M.
truncatula, as seen by RNAseq experiments and promoted resistance to the root rot caused by
Aphanomyces euteiches in M. truncatula and P.sativum. In terms of mutualistic interactions, P.
oligandrum promoted the formation of GFP-tagged Encifer meliloti colonies around M. truncatula roots
in early stage of growth, while, P.oligandrum soil inoculation resulted in the development of larger and
multilobed nodules in M. truncatula. In addition, P. oligandrum did not negatively affect the formation
of arbuscular mycorrhizal symbiosis in M. truncatula. Metagenomic analysis showed that application of
P. oligandrum mycelium in soil changes the structure of microbial community (bacteria and fungi) by
reducing the relative abundance of fungal taxa related to phytopathogens such as Fusarium sp., or by
promoting the relative abundance of other mycoparasite fungal genera like Trichoderma, Clitopilus
and Alatospora. Together, our results open new horizons toward understanding the benefits of P.
oligandrum on microbial and mutualistic interactions of plants roots.
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Septoria tritici blotch (STB) is one of the most common diseases encountered in bread wheat crops and
can cause yield losses of up to 50%. Its causal agent, the hemibiotrophic fungus Zymoseptoria tritici
(Z. tritici), is developing increasing resistance to conventional fungicide treatments. As a consequence,
STB is difficult to control despite ever more treatments with detrimental impact on environment and
human health. To reduce their use, new control strategies compatible with more sustainable
agriculture have to be developed. 
Mycorrhizal symbiosis occurring between plants and arbuscular mycorrhizal fungi (AMF) is known to
improve plant mineral and water nutrition as well as plant resistance against biotic stresses through
Mycorrhiza Induced Resistance (MIR). In this context, the objective of the present work, carried out
within the framework of the Bioscreen project (Smartbiocontrol, Interreg V), was to study the eventual
control of STB through mycorrhizal inoculation with the AMF species Funneliformis mosseae (F.
mosseae), and to get insights in the defense mechanisms involved. For this purpose, 6-week-old
wheats (cv. Alixan) susceptible to STB were inoculated with F. mosseae before infection with Z. tritici
in controlled conditions. At 18 days postinfection (18 dpi), the mycorrhizal root colonization rate was
estimated at 40% and allowed an 80% protection against STB of mycorrhizal wheats compared to
non-mycorrhizal ones. Leaf and root samples were collected during the biotrophic phase of Z. tritici (2
dpi) to monitor the expression of both defense genes induced by the MIR in leaves and genes involved
in nutrient transports relative to mycorrhizal symbiosis in roots. Results show that F. mosseae
inoculated at root level is able to induce genes encoding PR proteins and proteins involved in both
antioxidant systems and the salicylic acid pathway in leaves. 
The observed protection was essentially based on a systemic elicitation of defense genes since we did
not observe any priming effect during mycorrhizal wheat infection with Z. tritici. Genes involved in
nutrient exchanges with AMF were induced in mycorrhizal wheat roots with no alteration by STB,
except for SWEET transporters which were induced only in infected wheats. On the whole, these
results lead us to propose F. mosseae as an interesting candidate biocontrol agent for field trials.
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The plant immune system can be stimulated through the association with beneficial organisms to
enhance resistance against biotic stress (pathogens, insects…). This process is known as induced
resistance (IR). Arbuscular mycorrhizal fungi colonize plant roots to complete its life cycle. In this
mutualism, plant provides photosynthates and lipids to the plant and AMF can increase the supply of
inorganic species. Futhermore, AMF change primary and secondary metabolism triggering plant
defenses against future biotic or abiotic stresses, this process is known as mycorrhizal induced
resistance (MIR). Citrus are fully mycotrophic plants that exhibit the common benefits of the
symbiosis. Tetranychus urticae is a polyphagus mite with a wide host range that has the ability to
detoxify plant defense metabolites. Despite this, most studies on mycorrhizal citrus are focused on the
improvement of tolerance against abiotic stress and there are no finding reports describing
mechanisms against spider mites in mycorrhizal citrus. To elucidate whether the Rhizophagus
irregularis enhances plant defenses in the citrus susceptible genotype Cleopatra mandarin, we
performed several antibiosis, antixenosis and indirect bioassays against Tetranychus urticae. Citrus
metabolomics as well as mite choices in Y tube test were strongly influenced by the symbiosis
resulting in clear benefits for the plant.
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Biological control of plant diseases and pest insects relying on one single biocontrol organism is often
unstable and/or does not provide the expected level of protection. One approach to stabilize or even
improve biocontrol efficacy is to use combinations of different biocontrol organisms with different
modes of action. However, when different biocontrol agents (BCA) are applied together, it is of
uppermost importance to ensure that there is no negative interaction such as competition and
inhibition or that combined BCA do not negatively impact each other’s biocontrol activities. Bacterial
or fungal species are mostly chosen for their potent weaponry (e.g. production of antimicrobial
metabolites, enzymes, toxins) enabling them to fight the targeted pest or disease. This weaponry adds
to their competitiveness e.g. in the rhizosphere, but might lead to inhibitory effects towards each
other when applied in combination.

In a current project we combine entompathogenic pseudomonads (EPP) of the species Pseudomonas
protegens and P. chlororaphis, entomopathogenic nematodes (EPN) of the genera Heterorhabditis and
Steinernema and entomopathogenic fungi (EPF) of the genera Metarhizium and Beauveria for pest
insect control. EPN harbour symbiontic bacteria (nematode-associated bacteria, NAB) of the genera
Photorhabdus and Xenorhabdus which are released into the insect hemolymph after infection where
they multiply and finally kill the insect. EPP first orally infect insects, subsequently they use toxins and
enzymes to create passages through the insect gut epithelium, and finally, when they reach the
hemolymph, they cause lethal systemic infections. Since knowledge on how EPP and NAB might impact
each other is scarce, we are currently studying the interaction of these two bacterial BCA in vitro and in
vivo using a Galleria mellonella model allowing to simultaneously monitor the growth of both bacteria
directly inside living larvae. First results indicate that strong in vitro competition does not necessarily
translate into equally strong competition in insects. Moreover, even if a direct inhibition in the
hemolymph is observed, combined application of BCA can lead to a higher larval mortality. Similar
findings were obtained for combinations of EPP and EPF. Allthough a strong inhibition between certain
EPP and EPF species occur in vitro, they are compatible when applied together for the biological
control of soilborne insect pest. Our findings indicate that potential negative interactions between
microbial biocontrol agents strongly depend on where and when the BCA encounter each other, which
can be steered by optimizing application strategies and timing.
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Striga hermonthica is a root parasitic weed responsible for substantial staple crop losses across sub-
Saharan Africa. Here we investigated the functional potential of the soil microbiome to interfere with
the initial stages of the parasite’s life-cycle. More specifically, we investigated the impact of microbial
volatile production on strigolactone-induced Striga seed germination. Using a two-compartment Petri
dish, we screened approximately 200 bacterial strains, representing taxonomically diverse families,
for volatile-mediated suppression of Striga seed germination. More than 50% of the strains showed
some degree of volatile-mediated suppression of Striga seed germination with the majority (79%)
belonging to the genera Janthinobacterium and Collimonas. Comparative GC-profiling of the volatiles
emitted by 55 strains pinpointed the sulfurous volatile compounds dimethyldisulfide (DMDS) and
dimethyltrisulfide (DMTS) as candidate inhibitors of Striga germination, which was validated in dose-
response activity assays with the pure compounds. Since application of these volatiles to the soil
matrix can be cost prohibitive for smallholder farmers, we tested if methionine, the precursor of these
sulfurous volatiles, stimulated their production in soils and led to a concomitant suppression of Striga
seed germination. Results showed that addition of L-methionine to soil indeed led to the production of
the two Strigasuppressive sulfurous volatiles and a significant suppression of Striga seed germination
in a concentrationdependent manner. Together, these results revealed the functional potential of soil
microorganisms to interfere in the Striga life-cycle and the use of specific precursors to activate the
indigenous soil microbiota for the production of specific volatile compounds to effectively combat this
devastating parasitic weed.
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Late blight, caused by the oomycete Phytophthora infestans, causes great damages in potato fields.
Controlling late blight is both challenging and polluting, as it requires up to 16 treatments per season
with synthetic fungicides in conventional agriculture and copper-based products in organic
agriculture, both of which pose environmental and human health problems. Many bacteria capable of
inhibiting Phytophthora growth and infection in laboratory conditions have been described, but they
rarely keep their protective effect in the harsh environment of the field. Using synthetic communities
for biocontrol could tackle this problem as positive interactions between bacteria could stabilize their
survivability and Phytophthora-inhibiting effect. Furthermore, it has been shown that plants are able
to recruit beneficial microorganisms as a reaction to pathogen infection. Observation of the bacterial
community shifts in the potato microbiome after a late blight infection could point directly to bacteria
of agronomic interest. In this study, we want to create a plant-inspired synthetic biocontrol
community. For this, the microbial community shifts in the soil, rhizosphere and phyllosphere of
infected and uninfected potato plants from two cultivars were compared by 16S amplicon Illumina
sequencing, revealing more than 500 differentially abundant Amplicon Sequence Variants (ASV) out of
9260 detected in the whole study, principally in the soil and the rhizosphere. The soil and rhizosphere
of these plants were harvested and used to inoculate the soil in which new potatoes were planted.
These new plants were once again infected or uninfected with P. infestans. The comparison of their
microbiome showed a much stronger reaction than the first plants, with more than 3500 differentially
abundant ASVs, detected once again essentially in the soil and rhizosphere. These soil and rhizosphere
samples were once again used to inoculate the soil in which a third generation of potatoes grew. The
resistance of these plants against P. infestans was tested on leaf discs assays and a new bacterial
strain collection was assembled by isolating more than 600 strains from the most resistant plants of
each cultivar. The differentially abundant ASVs of the microbiome analysis were matched to the 16S
sequences of the isolated strains, which enabled the selection of 170 strains which experienced
abundance shifts upon late blight infection. These bacteria are currently being characterized for their
protective effect against late blight and will be assembled into synthetic communities to be finally
tested in field experiments.
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Below ground insect pests are a yet unsolved problem not only in organic, but also in conventional
crop production. They are difficult to target and the few effective chemical pesticides are already
banned or will be in near future due to raising concerns for environmental and consumer safety. So far,
Bacillus thuringiensis was the main bacterial biocontrol agent against insect pests but resistance
against major Bt toxins has been reported. We evaluate the potential of a specific group of plant-
beneficial fluorescent Pseudomonas bacteria with entomopathogenic activity for insect control as a
new non-Bacillus bacterial biocontrol agent with a different mode of action. Moreover, we combine
these pseudomonads with entomopathogentic nematodes and fungi with the aim to increase
reliability and efficacy of biocontrol measures. 

First, different strains of the three biocontrol agents were screened in a simple system against the
cabbage root fly Delia radicum, an important pest in vegetable production. The most promising strains
were subsequently upscaled and combined in greenhouse, semi-field and field trials. Overall, the
different biocontrol agents do not inhibit each other’s infectiousness nor the survival in soil and on
roots. In an artificial system with the leaf feeder Pieris brassicae, the combined application can even
speed up the killing and increase the mortality. Furthermore, combinations showed more consistent
results compared to individual treatments in the screening and the same tendencies were observed
under greenhouse and semi-field conditions. Finally, the combined application led to a reduced
damage under semi-field and field conditions. 

For a successfull application of the combination of the three organisms under field conditions, the
stepwise acquisition of information on their compatibility, interaction and the timing of application
from the basic screening, the greenhouse experiments and the semi-field trials was essential. We hope
to provide new tools based on the combined application of beneficial soil organisms for the control of
an important insect pest in organic and conventional vegetable production, which may be adapted to
other problematic soil pests.
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Mycosphaerella graminicola (anamorph Zymoseptoria tritici) is the most important pathogen on winter
wheat in northern Europe and many other countries. This fungus is responsible for Septoria tritici leaf
blotch (STB) and causes 30-40% yield reduction under extreme conditions. Unfortunately, its control
is based mainly on fungicide applications represented alone 70% of the total pesticides applied on
wheat.
For a sustainable environment, plant-growth-promoting rhizobacteria (PGPR) are natural resources
considering as one of the most important fungicides’ alternatives inducing resistance to plant
diseases. 

The aim of the present work is to investigate the synergistic promotion effect of a PGPR mixture
composed of Paenibacillus sp. strain B2 (PB2) and Arthrobacter spp. strain AA (AA), referred hereafter
as Mix-2, on the wheat growth, resistance to STB and drought stress. 

The results of the quantitative real-time polymerase chain reaction (qPCR) showed a helpful effect of
AA for wheat-root external and internal colonization with PB2. Interestingly, in non-stress conditions,
the inoculation of wheat grains with Mix-2 (PB2:AA, 1:1), at sowing, showed an increase in almost all
tested cultivars for foliar and root dry biomasses. Under drought stress, contrarily to PB2 in single
inoculation, Mix-2 induced a significant tolerance in all tested cultivars for plant dry biomass and root
length. On the other hand, both PB2 alone and Mix-2 induced resistance against Z. tritici with at least
50% of protection efficiency in all tested cultivars. However, Mix-2-root colonization and -induced
resistance were observed at the most mature wheat growth stage. Moreover, Mix-2-induced resistance
is characterized by the upregulation of gene markers of the basal defense, defense and cell rescue,
reactive oxygen species, jasmonic acid, and phenylpropanoids & phytoalexins pathways.
Pathogenesis-related protein 1 (PR1), chitinase, glucanase, and flavonoides are possible gene markers
for wheat resistance selection to STB. 

To conclude, the endophyte PGPR’ consortium of AA and PB2 is a wheat growth promoter and inducer
of a durable-systemic resistance to Z. tritici and genotype-independent tolerance to drought stress.

Keywords: Zymoseptoria tritici, plant-growth-promoting-rhizobacteria (PGPR), Paenibacillus sp. strain
B2, Arthrobacter spp. strain AA, induced systemic resistance, drought stress.
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Biocontrol is presented as alternative solution to protect crops against agricultural pests while
reducing environmental impact of chemical methods based on pesticides. Recently, New solutions
involving pest chemical ecology have been developed. Such as attraction function of kairomone
and/or repellent activity of allomone have a promising application in integrated pest management.
However, development when based on laboratory works is confronted with disagreements during
scale up phases and field application phases. In this context, our original start-up aGRIODOR places
odor of semiochemicals at the service of agriculture. Our principal mission is to set up functional eco-
friendly crop protection tools ready to be used by farmers while ensuring a sustainable production.
Firstly, we provide kairomone used as attractant to trap pests. First case developed to Bruchus
rufimanus main pest to faba beans, kairomone associated to traps prove his worth in first field
experiments. Secondly, we develop innovative solutions involving repellents Volatile Organic
compounds (VOCs) that repel and/or can affect the performance of pests favoring their biocontrol. 

To promote adoption of biocontrol in large field crop involve identifying farmer needs and
constraints in order to offer usable and efficient solutions corresponding to farmers expectations. We
present here results of larger field experiments that, as user feedback, highlight challenges to apply
biocontrol in the field and spot future innovations.

About the speaker:
Ene LEPPIK is the founder of the startup Agriodor. PhD in Chemical Ecology
of insect pests, expert in the use of semio-chemicas, specially plant VOCs,
to manipulate the behavior of pests.



Biocontrol: Willaertia magna C2c Maky lysate is a new biofungicide active 
substance with a broad spectrum.

 
Sandrine DEMANÈCHE,Jean-Luc SOUCHE and Fabrice PLASSON 

 
AMOEBA, 38 avenue des Frères Montgolfier, 69680 CHASSIEU, France

 

To ensure yield and quality of the crops, it is imperative to protect the cultivated plants against
diseases. For decades, conventional fungicides have been used intensively and almost exclusively.
Although their effectiveness is undeniable, their over-consumption can lead to associated risks
(emergence of resistant strains, environmental impact, residues in agricultural produce …). Chemical
pesticides are widely used to control plant diseases, particularly in vineyards. Public and farmer
concerns about exposure to products and to toxic residues have led to look for safer alternatives,
therefore increasing the search for biocontrol solutions. But very few biocontrol products with a
broad host range are available today. To our knowledge, the potential efficiency of amoebas in plant
protection has not been explored. The non-pathogenic, free living amoeba, Willaertia magna C2c
Maky was isolated from the environment. Efficiency of both, living and dead amoebas was
demonstrated against grape downy mildew (Plasmopara viticola) in vitro and in planta. Our research
team developed a production process to industrially produce this microorganism and manufacture a
plant protection active substance from lysed amoebas. Formulations were developed to cope with
environmental conditions such as rainfall. This new active substance has a complementary dual mode
of action: it stimulates plant defenses (an indirect effect on diseases), and also inhibits germination of
pathogen spores (a direct effect on the pathogen). Amoéba and its partners have conducted more
than 300 trials in 13 countries. The very numerous trials have shown that the field efficacy was
remarkable, often far superior to that of biocontrol products on the market. Broad spectrum against
multiple pathogens of major economic importance (mildews, rusts …) and on many crops (grapes,
potatoes, vegetables, cereals, soybeans …) have been highlighted in laboratory tests and confirmed in
field trials. Efficacies about 50 to 80% were measured against downy mildew on grapes with a
particularly remarkable efficiency on bunches, potato and tomato late blight, downy mildews of
vegetable crops like lettuce or cucurbits, powdery mildew on grapes and cucurbits as well as on
wheat rusts and Septoria leaf blotch of wheat.
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Fungi are the main cause of food loss pre- and post- harvest in agriculture. However, the uses of
chemical products in agriculture badly impact to human health, ecology system and environment.
This issue has led to the development of biocontrol products to reduce side effects. In addition, the
scientists have reported many biological activities of vineyard wastes making them be promising to
reuse at industrial scale. Antofénol has developed an innovative process of eco extraction and
produced “Antoferine” from the wood waste of grape industry without using toxic-organic solvents.
Furthermore, since several years, we have challenged our product, from the lab to the field, to
demonstrate its efficacy and explore the mode of actions. Antoferine contains polyphenols including
trans-resveratrol, trans-ɛ-viniferin, and vitisine as the main active components known as the
phytoalexins of plants. It exhibits antifungal activity in vitro against a wide variety of fungi including
Botrytis cinerea and Venturia inaequalis. Moreover, we demonstrated that the development of
Botrytis cinerea is reduced on apples fruits after a treatment with Antoferine at 15 g/L in water (w/v)
and several assays on fields showed a good protection against apple scab (mainly caused by Venturia
inaequalis) at 5 g/L of concentration (7.5 kg/hectare). Notably, Antoferine influences on the
germination of both Botrytis cinerea and Venturia inaequalis spores by slowing down the germ tube
formation. This innovative finding has motivated us to register Antoferine as a fungicide biocontrol
product toward the sustainable agriculture.
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Sclerotinia sclerotiorum the causal agent of stem rot or white mold, is a necrotrophic and polyphagous
fungal pathogen which can attack more than 400 plant species including oilseed rape. On this crop, the
pathogen has a destructive impact once it is installed and its control still relies mainly on chemicals.
Therefore, the development of biocontrol agents is of great interest to reduce the amount of chemical
inputs in the management of S. sclerotiorum on this crop. 

Two candidate microorganisms among several microorganisms isolated in our laboratory gave
promising results against S. sclerotiorum on oilseed rape under controlled conditions. They are
currently being developed as microbial biocontrol agents to complement the range of effective
alternative products on the market. Effective application of these microbial biocontrol agents requires
considering various factors that may interfere with their protective efficacy. These factors include, for
example, temperature or relative humidity conditions, product quality, compatibility with other
cultural practices, but also the diversity of susceptibility of the pathogen to the biocontrol agent or the
genetics of the plant. Understanding the impact of these factors on the protective efficacy of
biocontrol agents could help improve their formulation and provide recommendations for optimizing
their application in the field to ensure a stable and durable level of efficacy. The aim of this study is to
determine the level of efficacy of these two candidate microorganisms against fifty strains of S.
sclerotiorum and on six oilseed rape genotypes in controlled conditions. 

Assays on detached leaves of oilseed rape in controlled conditions showed no effect of genotype on
the protective efficacy of the two microorganisms against S. sclerotiorum. On the other hand, in vitro
dual culture assays revealed a significant effect of the strains of S. sclerotiorum on the protective
efficacy of the two biocontrol agents. These results will be further discussed.

About the speaker:
Estelle TURC is a phd student in the plant pathology unit of INRAE in
Montfavet and the Elephant Vert Group where her subject consists to
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First robust field trial tool adapted to evaluate the agronomic value of biostimulants
 

 A first robust solution to evaluate biostimulant products
 New tool applied for agronomic field trials

 New geostatistic tool applied for agronomic field trials
 A new way to run agronomic field trials

Geostatistics: an innovative and dependable way to run agronomic field trials
 

The aim of this work was to develop a new, robust field trial method based on geostatistics to evaluate
the efficacy of biostimulant treatments at the farmer scale.

 Currently, microplots field trial designs and their associated statistics tools are not able to efficiently
discriminate between the effects of fertilizer and biostimulant products, both of which are strongly
linked to the soil environment. To evaluate this effect several trials with multiple repetitions are
necessary (>10), which is both costly and time-consuming.

 Monitoring spatial distribution and modelization provide powerful tools to evaluate fertilizer and
biostimulant products. These tools work at the farmer scale, reflecting the real field effect.

 In the past three years we have applied geostatistics to over 50 field trials. By monitoring the spatial
distribution, we have built a kriging model based on the optimal points required for each trial. Thanks
to this method we were able to evaluate the agronomic effects of fertilizer and biostimulant products
with an average precision of 85%, equivalent to a micro-plot statistical test at 99% of significance.

 To conclude, we have developed a new field trial design utilizing geostatistic tools that allows us to
efficiently evaluate the agronomic effects of fertilizer and biostimulant products. All design and
method are open to be shared.

About the speaker:
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Botrytis cinerea is an important foliar necrotrophic fungal-pathogen capable of infecting major
worldwide vegetable crops such as tomato (Solanum lycopersicum). Substitution of fungicides by
biological products for the control of foliar diseases is an interesting alternative of managing plant
pathogens in greenhouses and/or in fields. The potential efficacy of hop extracts against gray mold
disease induced by Bc1 strain, was investigated in dual cultures and bioassays under growth chamber
conditions. We tested the efficacy of two whole hop extracts obtained from two types of extraction
processes: a classical water extraction (WE) and an innovative water-based extraction (IE), and three
other extracts coming from different parts of the hop plant: cones, stems and leaves obtained with IE
method. The dual tests indicated a direct and similar antifungal effect of WE and IE hop extracts. The
inhibition of the pathogen growth was between 65-70% compared to control at a concentration of
103 spores/ml of Bc1 strain. Secondly, we carried out simplified pathogenicity test on tomato
detached leaves treated with the 5 hop extracts and inoculated with 2 spore concentrations (103 and
105 spores/ml). WE and IE hop extracts appear to reduce drastically the development of gray mold at
both concentrations of Bc1 (68 to 95% disease inhibition). The effect obtained from the different
organ extracts was less effective and more variable. Best efficacy was observed form the cones hop
extract as 93% and 85% disease inhibition were obtained at 103 and 105 spores/ml, respectively.
We confirmed the biocontrol efficacy of the IE hop extracts on whole tomato under controlled
conditions. Three days after pathogen inoculation, the plants that had received preventative IE hop
foliar treatment exhibited 40% less severe disease symptoms than the untreated plants. Our study
examined also putative defense-related gene expression involved in the resistance to B. cinerea in
tomato after hop extracts treatment. The preliminary results indicated a modulation of the expression
of some SA and JA/ET related genes induced locally at Bc1’s infection sites. More experiments are
needed for a better understanding of the mechanisms of action underpadding hop extracts. Finally,
hop extracts offer new perspectives for Botrytis cinerea control due to the potency display in these
experiments and the many ecological advantages.

About the speaker:
Dr Najat NASSR is a research Engineer at RITTMO Agroenvironnement.
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AGRAUXINE by Lesaffre, a business unit of the Lesaffre group, develops, produces and markets
biosolutions derived from micro-organisms in accordance with sustainable agriculture technologies.
Based on this expertise, AGRAUXINE developed the biocontrol product Tri-Soil® for the control of
soilborne diseases in vegetable crops, such as Rhizoctonia solani and Sclerotinia diseases on lettuce
or potato. The active ingredient of Tri-Soil® is Trichoderma atroviride strain I-1237, an antagonistic
fungus, which acts by several combined modes of action, including strong spatial and nutritive
competition and antibiosis. Moreover, was highlighted the capacity of Trichoderma atroviride strain I-
1237 to reduce in controlled conditions the number of sclerotia produced by the pathogen
Sclerotinia. In production conditions, field or under shelter systems, Tri-Soil® exhibits an efficacy
comparable to conventional chemical references for the control of soilborne diseases on lettuce and
potato. Tri-Soil® is a natural solution, relevant to participate to the agroecological transition. The
plant protection biosolution is already commercialized in France, Spain and Portugal, and is planned
to be marketed in the Netherlands by the end of 2021.

About the speaker:
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Cultivar contributes to the beneficial effects of Bacillus subtilis PTA-271 and Trichoderma
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Grapevine trunk diseases (GTD) are a big threat for global viticulture. Without effective chemical
treatments, biocontrol strategies are being developed as alternatives to better cope with
environmental concerns. The combination of biocontrol agents (BCA) should ensure the success of
biocontrol, benefiting sustainable disease management through complementary ways of protection
regardless of environmental conditions. In this study, we assayed Bacillus subtilis (Bs) PTA-271 and
Trichoderma atroviride (Ta) SC1 for the protection of Chardonnay and Tempranillo rootlings against
Neofusicoccum parvum Bt67, an aggressive pathogen associated to Botryosphaeria dieback. Indirect
benefits offered by each BCA and their combination were characterized in planta, as well as their
direct benefits in vitro. Results provide evidence that (1) the cultivar contributes to the beneficial
effects of Bs PTA-271 and Ta SC1 against N. parvum, and that (2) the in vitro BCA mutual antagonism
switches to a strongest fungistatic effect towards Np-Bt67 in three-way confrontation test. We also
report for the first time the strengthened beneficial potential of a combination of BCA against Np-Bt67
especially in Tempranillo. Our findings highlight a common feature for both cultivars: salicylic acid
(SA)-dependent defenses were strongly decreased in plants protected by the BCA, in contrast with
symptomatic ones. We thus suggest that (1) the high basal expression of SA-dependent defenses in
Tempranillo explains its highest susceptibility to N. parvum, and that (2) the cultivar-specific
responses to the beneficials Bs PTA-271 and Ta SC1 remain to be further investigated. 
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management of Grapevine trunk diseases. 



A new chitooligosaccharide receptor identified in grapevine
 

Thibault Roudaire1 , Jérémy Villette1 , Birgit Loeffelhardt2 , Pascale Winkler3 , Ian Dry4 , Daphnée Brulé1 , Andrea Gust2 ,
Fatma Lecourieux5 , Marie-Claire Héloir1 , Benoit Poinssot1 

 
1 UMR1347 Agroécologie, Agrosup Dijon, CNRS, INRAE, Univ. Bourgogne, Univ. Bourgogne Franche-Comté, Dijon, France. 

2 Department of Plant Biochemistry, University of Tübingen, Center for Plant Molecular Biology, Tübingen, Germany 
3 Plateforme DimaCell, PAM UMR A 02.102, Université Bourgogne Franche-Comté, AgroSup Dijon, Dijon, France 

4 CSIRO Agriculture & Food, Wine Innovation West Building, Locked Bag 2, Glen Osmond, SA, 5064, Australia 
5 UMR1287 EGFV, CNRS, Université de Bordeaux, INRAE, Bordeaux Sciences Agro, ISVV, Villenave d’Ornon, France

The establishment of defense reactions to protect plants against invading pathogens first requires the
recognition of Microbe-Associated Molecular Patterns (MAMPs) or Damage-Associated Molecular
Patterns (DAMPs), detected by plasma membrane-bound Pattern Recognition Receptors (PRRs). These
molecular patterns, also termed elicitors, are used in several biocontrol products that are gradually
developing to reduce the use of chemical pesticides in agriculture. Chitin, the main component of
fungal cell walls, as well as its deacetylated derivative, chitosan, are two chitooligosaccharides (COS)
that can be found in some of these products. Unfortunately, the mechanism allowing the perception of
these molecules is still poorly understood in Vitis vinifera, sometimes hampering the improvement
and the generalization of these emerging crop protection tools. On the contrary, chitin perception in
the model plant Arabidopsis thaliana is well described and relies on a tripartite complex formed by
three membrane-bound LysM Receptor-Like Kinases named AtLYK1/CERK1, AtLYK4 & AtLYK5, the
latter having the strongest affinity to chitin. In grapevine, COS perception has for the moment only
been demonstrated to rely on VvLYK1-1 & VvLYK1-2, two constitutively expressed genes that did not
specifically respond to pathogens according to genes expression analysis. In this context, we
performed experiments to complement the Arabidopsis lyk4, lyk5 simple mutant and the lyk4/5
double mutant, which showed altered response to COS, by overexpressing their grapevine orthologous
genes (VvLYK4-1/2 or VvLYK5- 1/2). Our results revealed that MAPK activation and defense gene
expression were partially restored after chitin treatment by the complementation with VvLYK5-1 but
not with VvLYK5-2. These preliminary results seem to indicate that VvLYK5-1 participates in the chitin
recognition in grapevine, together with VvLYK1-1 previously identified. Furthermore, as the
perception of chitosan does not seem altered in the Atlyk5 mutant, it would also appear that the
perception of chitin and chitosan does not involve the same receptors. FRET-FLIM experiments
initiated with these co-receptors, as well as the complementation of Atlyk4 with VvLYK4-1/2 will soon
provide additional information to better decipher the mechanism of COS perception in grapevine. The
generation of grapevine CRISPR-Cas9 Knocking-Out lines for these genes, which were carried out at
the same time, should allow confirming these results. 

Keywords : Pathogen-Associated Molecular Patterns (PAMPs) ; Pattern Recognition Receptors (PRRs) ;
induced immunity ; chitooligosaccharides (COS) ; LysM Receptors Kinases (LYKs)
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In agriculture, behavior manipulation is an effective strategy to control pest population density; and it
provides an environmentally friendly alternative to pesticides. Usually, pheromones or chemical lures
are used to interfere with the behavior of pests, but the majority of insects use vibrations alone or in
combination with chemicals to communicate. Leafhoppers rely almost exclusively on vibrational
signals to identify and locate the mating partner. Thus, mechanical stimuli can be used to manipulate
their behavior and disrupt mating; similarly, to what is commonly done with semiochemicals in the
pheromonal mating disruption technique. Only a decade ago, a pioneering study showed that a
species-specific signal (i.e., the ‘disturbance noise’ produced by rival males) reduced the number of
mating in Scaphoideus titanus when played back in grapevine plants in semi-filed conditions. Since
then, a specific signal has been designed to effectively interfere with the communication of Empoasca
vitis and S. titanus at the same time and prototypes have been developed for openfield applications. In
2017, the first ‘vibrational vineyard’ was set up in the Trentino region (Italy) and the vibrational mating
disruption technique is currently under evaluation in multiple vineyards in Northern Italy. In this talk,
we retrace the steps that led to the applicability of vibrational mating disruption in vineyards to
control S. titanus and E. vitis. The efficacy of the method was evaluated since 2017 by monitoring the
population density of the two target species and non-target organisms. Three different survey
methods were used: visual count of leafhoppers on leaves, beating technique for beneficial
arthropods, and yellow sticky traps for both leafhoppers and their parasitoids. The efficiency of the
actuator prototypes was monitored using highly sensitive equipment (laser Doppler vibrometer and
accelerometers) and the transmission of vibrations in the trellis system was evaluated with a
numerical model of the vineyard. Overall, the vibrational mating disruption technique proved to be
effective in reducing the population density of both S. titanus and E. vitis as long as the disruptive
signal was transmitted above the active threshold. No effect was observed on non-target arthropods.
The use of vibrations to control pests in vineyards proved to be a promising path and it is worth to be
further developed and integrated in the toolkit of growers.
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Lipopeptide-producing Pseudomonas spp. have been demonstrated to induce systemic resistance
against some plant pathogens. In a previous study, Pseudomonas fluorescens CHA0 and Pseudomonas
aeruginosa 7NSK2 were shown to induce resistance against Botrytis cinerea on grapevine although the
underlying mechanisms were unrelated to lipopeptide or biosurfactant production. In this study, the
ability of Pseudomonas putida lipopeptides to induce resistance against B. cinerea in grapevine was
demonstrated. In two independent soil experiments, treatment of grapevine plantlets with wild type
strains producing entolysin (P. entomophilia L48), putisolvin (P. putida PCL1445), LP-17 (Pseudomonas
sp. COR35) and WLIP (P. wayambapalatensis RW10S2) induced resistance against B. cinerea in a
differential manner. However, there was higher disease incidence than the control when a xantholysin
producer (P. mosselii BW11M1) was applied. Interestingly, grapevine plantlets treated with
corresponding LP-mutant strains lost their ISR capacity while the xantholysin mutant strain
successfully induced ISR. Furthermore, grapevine cuttings drenched with the entolysin producer and
its mutant demonstrated the role of entolysin in ISR against B. cinerea. This is a first study which shows
the differential effect of Pseudomonas lipopeptides in a grapevine-B. cinerea pathosystem. Current
studies are investigating the molecular and hormonal mechanisms underlying lipopeptide-mediated
ISR against B. cinerea in grapevine plantlets.
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The growing concerns on human and environment health are driving the crop protection industry to
formulate more eco-sustainable plant protection products (PPPs). Such PPPs must be both effective
and innovative in their approach to control diseases. Harmful to the environment, copper is an active
ingredient in PPPs subjected to regulation, especially in Europe where it is considered as a “candidate
for substitution”. Until more ecofriendly alternatives to copper are found, in agriculture and
particularly in viticulture, solutions for optimizing effectiveness with low-dose copper PPPs are
investigated. Indeed, copper is recognized as an effective fungicide, used for more than 100 years
against mildew and the only one authorized in organic viticulture. A low dose copper-based PPP,
namely HA+Cu(II), has thus been assayed in this study against grapevine trunk diseases (GTDs). 
The HA+Cu(II) formulation, containing copper in low percentage (3.5%) delivered to the plants by the
hydroxyapatite (HA), combines both the copper antagonistic properties and the stimulation of plant
defense against pathogens. Preliminary studies have shown that HA+Cu(II) protected grapevine
against Plasmopara viticola and Phaeoacremonium minimum in greenhouse conditions inducing some
plant defense responses. To evaluate the possible use of this formulation as a PPP for GTD control, we
studied the impacts of HA+Cu(II) on grapevine physiology, upon infection or not by the Botryosphaeria
dieback agents Diplodia seriata and Neofusicoccum parvum in greenhouse. We focused on plant
physiology and disease impacts on cv Chardonnay and Cabernet sauvignon, and further evaluated the
potential of HA+Cu(II) as a plant defense elicitor.
In order to anticipate a better transfer of our results, we further characterized the effects of HA+Cu(II)
against GTDs in natura, in vineyards infected by Esca (cv Chardonnay from Champagne region, France).
This last study aimed to determine the impact of HA+Cu(II) on: i) the incidence of Esca, ii) the vine
microbiome, iii) the vine physiology and iv) enological parameters of the juice. 
The results obtained in greenhouse conditions showed that HA+Cu(II) was able to induce several key
defense genes without adversely affecting plant growth nor photosynthetic activity, the latter being
increased particularly in artificially inoculated vines. The elicitation properties of HA+Cu(II) were
comparable to those of a commercial product used as positive control. Furthermore, a fungistatic
effect on the two Botryosphaeriaceae was reported in vitro and in planta through greenhouse trials. In
the vineyard, we observed a decreasing trend in the incidence of Esca cumulate during the 5 years of
the trial. No deleterious effects on the vine microbiota nor on vine physiology were reported (at both
transcriptomic and metabolomic levels). Similarly, no relevant impact of HA+Cu(II) was observed on
the enological properties of the juice; but significant differences were reported only for the sugars
content in the juice of esca-diseased vines. The most important results were for the analysis of the
gene profiles, which were similar between asymptomatic treated esca-diseased vines and untreated
healthy vines (asymptomatic), but differed from the untreated esca-diseased vines (symptomatic). Our
results therefore fully support the potential of HA+Cu(II) as a promising PPP towards GTDs.
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Grapevine (Vitis vinifera L.). is a widely cultivated plant, relying a high economic importance.
According to FAO database, world grape production exceeded 78 million tons in 2020. However,
vineyards all over the world often suffer from the invasion of various diseases, which affect the yield
and quality. In addition to the complex of trunk diseases, downy and powdery mildews, Botrytis
cinerea is considered a highly destructive pathogen. In past, the main way to manage plant diseases
was the application of chemical pesticides, which uncontrolled use led to the environmental pollution
and appearance of resistant pathogenic strains. Therefore, a rush to develop alternative strategies of
plant protection was supported by many countries during the last decades. Use of biocontrol agents,
especially the group of plant growth promoting rhizobacteria (PGPR) and particularly the endophytes,
seems a sustainable tool as these microorganisms are natural, plant-colonizing, non-pathogenic, and
multifunctional. In addition to the pathogen suppression, they may induce the plant resistance
mechanisms toward both biotic and abiotic stresses and stimulate the plant growth by phytohormone
production or providing the plant with additional nutrients. 
In the current work, we focused on biocontrol properties of several strains related to Burkholderia
species. Therefore, different members of this genus have been isolated from a wide range of
environment, particularly from the rhizosphere and from the plant. Studies concerning the tripartite
interactions between plants, Burkholderia genus, and the applied stress (biotic or abiotic) revealed a
promising beneficial effects of these microorganisms such as the biocontrol of plant diseases, the
resilience to abiotic stress, and the plant growth promotion. 
During our study, we tested several bacterial strains isolated from the rhizosphere of maize in the
northeast of France. We used experimental grapevine genotypes sensitive to B. cinerea, but including
genes of resistance to downy and powdery mildews. Using 10-weeks-old grapevine cuttings, grown in
semicontrolled greenhouse conditions, leaf disks were punched and immediately inoculated with 109
CFU/mL bacterial suspensions, then placed on Petri dishes containing 0.5% of agar. Twenty four hours
later, leaf disks were infected with 20 µL of B. cinerea suspension (105 conidia/mL), and the disease
severity was evaluated 8 days later based on a host reaction (necrosis). 

Our results revealed that among all studied strains, the strain BE10 was the most effective by
exhibiting the strongest inhibitory effect toward the pathogen. Thus, necrotic spots corresponding to
the pathogen development inside plant tissues of BE10-bacterized leaf disks was tiny and statistically
equal to non-infected (control) plants. 
Similar results were demonstrated previously with the strain BE10 while its antagonistic activity has
been tested in vitro. The results obtained during our research promise the high potential of
Burkholderia strain BE10 to control the B. cinerea. Nevertheless, the mechanisms involved in this
protection remain to be elucidated.
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Bacteria and organo-mineral complexes such as Glutacetine® are of great interest since they induced
beneficial effects on plants. They can increase yield, stimulate plant growth and defence, decrease
pathogen infection, and reduce biotic and abiotic stresses. We studied the effects of Bacillus ISB05, an
organo-mineral complex and a formulation mixing these two ingredients on the interaction between
grapevine and Plasmopara viticola, the pathogen responsible for downy mildew. A first experiment
under controlled conditions showed that Bacillus ISB05 and the organo-mineral complex induced a
protection when they are applied alone (7 and 13%, respectively). Mixed together, they acted
synergistically to better protect grapevine against downy mildew compared to when either product
was applied separately (24%). This experiment resulted in a lower severity of downy mildew with an
application of Bacillus ISB05 and the organo-mineral complex (86% et 80%, respectively), while the
lowest severity was observed with the mixed formulation (71%). It could be due to a dual effect: ISB05
may have a direct impact on Plasmopara viticola while the organo-mineral complex might stimulate
plant defence. We are evaluating the effects of these products under new controlled experiments and
under field conditions in Champagne vineyard (France) to validate these effects and to better
understand the mode of action of these formulations.
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We have observed an extraordinary increase in food production in the last 50 years around the world.
This could only be achieved thanks to the use of chemical pesticides, but with a cost to biodiversity,
human and environment health. Nonetheless, pest management is essential to ensure good crop yields
to feed the evergrowing human population. Therefore, alternative pest management strategies are in
great demand. Within that context, biopesticides are an important alternative to synthetic, recalcitrant
agrochemicals. Biopesticides are pest management agents based on living microorganisms or natural
products. They have proven potential for pest management and an inherent lower impact to the
environment. Microorganisms, especially fungi, produce a great diversity of bioactive metabolites with
potential to replace synthetic pesticides. For instance, it is estimated that 30% of the most medically
prescribed drugs are of fungal origin and only about 10% of the fungi in the world are expected to
have been described. Thus, fungi offer an enormous potential for new bioactive products. To adapt and
survive in a normally competitive ecosystem, fungi often produce structurally rare secondary
metabolites with broad biological activity that inhibit the growth of other competing or even
predatory organisms. Considering that many fungal endophytes are capable of producing the same
bioactive compounds as their host plant, and that some fern species are used in traditional medicine to
treat fungal and bacterial infections, we explored in this work the potential of endophytic fungi
isolated from different fern species to produce bioactive compounds with the potential to be used in
crop protection. We have isolated over 25 fungal strains from three different fern species. Among
those, 12 isolates produced antifungal and/or antibacterial metabolites when growing on agar-based
media. One of the fungal isolates was selected for further chemical characterisation of bioactive
metabolites, determination of antimicrobial activity spectrum, minimum inhibition dose, and stability
of bioactive compounds. 
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at the University of Auckland in New Zealand, and co-founder/CSO of
Green Spot Technologies.
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BiPA developed and registered Vintec®, a bio-fungicide based on active spores of Trichoderma
atroviride strain SC1. The product is a major tool to protect vines against trunk diseases such as Esca or
Eutypa and it is also effective against Botrytis cinerea on tomato plants when applied preventively on
pruning wounds. The mode of action against both targets is mainly based on the colonization of
wounds, through creation of a barrier against pathogens and competition for space and nutrients.

BiPA is working on the further development of Vintec® against other targets, in particular on the main
fungal stone fruit pathogens affecting peach, nectarine, apricot, almond and cherry trees. BiPA
discovered that T. atroviride SC1 provided good protection of stone fruit trees against three fungal
destructive major diseases: brown rot, caused by Monilinia spp., peach leaf curl (Taphrina deformans)
and shot hole disease (Stigmina carpophila). Encouraging results were obtained in efficacy trials
performed in open field conditions in southern Europe between 2018 and 2020. Vintec® was sprayed
preventively at dose rates from 100 to 200 g/ha and the product efficacy was compared to chemical
and biological standard references. Best efficacy results on flowers, leaves and shoots were observed
applying Vintec® at 200 g/ha four times starting from buds awakening to end of blooming and using
the water volume as in local standard agriculture practice. Further Vintec® applications later in the
season during the development of the fruits, provided good efficacy on peach fruits at harvest and in
post-harvest.  The efficacy was comparable or higher than the biological reference based on copper
hydroxide or Bacillus subtilis. Vintec® showed efficacy levels of 60-65% against M. laxa both on
flowers and shoots, 70% on fruits, 60% against T. deformans on leaves and 70% against S. carpophila
on leaves. These results show that Vintec® is a sustainable and very effective solution to be used in
stone fruit protection against fungal diseases. 
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Fungal based biocontrol spores/conidia are traditionally produced by solid state fermentation with
significant limitations such as high costs, labour intensive, not scalable and not consistent.
Submerged fermentation is a new approach for reduction of costs and also production at larger scales
and better qualities. In this presentation development of a fungal-based alternative protein project
from strain selection to commercialisation is discussed and criteria for strain and feedstock selection,
fermentation technology development, scale-down and scaleup, fermentation modes, downstream
processing, stabilisation and formulation are presented in a step-by-step approach. 

About the speaker:
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