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The network of French Agricultural Technical Institutes (ITA): 
a major actor for the deployment of biocontrol 
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ACTA brings together 18 agricultural technical institutes representing the research, development and innovation services of
each of the major sectors in French agriculture. ACTA and the network of Agricultural Technical Institutes (ITA) have developed
technical expertise and know-how in access to knowledge and deployment of biocontrol. In the recent years, biocontrol has
been a strong priority and ambitious focus for the development of ACTA and the ITA network. 
In 2016, Acta launched the “Acta Biocontrol Group” which gathers experts from different ITAs to share their expertise, their
experimentation results, and technological watch activities. ITAs also actively participate in the French “Biocontrol
Consortium” which brings together 60 stakeholders, including manufacturers and research and technical institutes, with the
aim of supporting new biocontrol solutions and the “National Biocontrol Deployment Strategy”, launched by the French
government in 2020, whose mission is to support biocontrol through research and innovation and to promote the design and
use of biocontrol products. To accelerate the development of biocontrol through research and innovation, the ITA network is
mobilized throughout the deployment cycle of biocontrol solutions including the evaluation and development of new
biocontrol solutions (efficacy, screening) and the integration of biocontrol solutions into cropping systems with a multi-criteria
vision. The experiments conducted by ITAs cover a broad field including the study of interactions between plants and pests in
controlled conditions (laboratory, climatic unit, greenhouse) and efficiency tests under controlled conditions or in the field.
These experiments can be used as part of approval of authorization procedures for registering new biocontrol products or to
facilitate the insertion of biocontrol solutions into cropping systems. 
Reliable and independent, the expertise of ITAs plays an essential role to access knowledge and deployment of biocontrol in
the sectors. The references and know-how are transferred and promoted to farmers and consulting actors in the form of
technical publications, brochures, decision support tools, webinars, and newsletters. In addition, the ITAs provide trainings for
farmers and technicians and organize events and technical meetings to disseminate technical knowledge in the biocontrol
field. 
Another key driver behind biocontrol deployment is to launch new research and innovation projects to resolve methodological
locks and to develop new biocontrol solutions. ACTA and the ITA network have developed expertise in collaborative project
engineering at national and European scales. For example, the ABAPIC project recently funded by the French government plan
“France Relance”, coordinated by ACTA, is focused on the improvement of methodological know-how to optimize the use of
biocontrol strategies, by combining two major levers of agroecological transition: biocontrol and agricultural equipment. In
particular, this project aims to develop tools for monitoring biocontrol organisms and substances and to identify the success
factors for the use of biocontrol products. The expected results of the ABAPIC project should be transferred to companies in
the biocontrol and agricultural equipment sectors



Diversity of nodule-inhabiting bacteria associated with cultivars of Pisum 
sativum and their biocontrol potential against Aphanomyces euteiches
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Pea root rot caused by Aphanomyces euteiches inflicts tremendous losses in pea fields, with no efficient 
treatment. Investigating plant microbiomes in order to elucidate their contribution to disease
resistance provides a foundation for the development of biocontrol solutions. Microbial
endophytes inhabiting plant tissues represent a valuable reservoir of potential biocontrol agents.
Nodules of three spring and three winter pea cultivars were investigated to 1) isolate bacterial
endophytes and test their biocontrol ability, and 2) globally describe total bacterial endophyte
diversity through metabarcoding, with a special focus on known biocontrol 
genera. Screening tests revealed 17 isolates, from five out of six cultivars, with an in vitro
antagonist effect towards A. euteiches. High-throughput sequencing showed a predominance of
Rhizobium lusitanum followed by Rhizobium leguminosarum in the nodules of all cultivars. A
higher diversity of all other minor endophytes was observed in the two winter cultivars
characterized by stronger resistance to frost. The microbiome of the winter cultivar Indiana, with
low resistance to frost, appeared to be closer to that of the spring cultivars. Known 
antagonist genera towards A. euteiches were shown to be more abundant in winter than in spring
pea cultivars, with Indiana presenting an intermediate assemblage. This work represents the first
case study of nodule inhabiting microbiomes from several pea cultivars, focusing on biocontrol
against A. euteiches. Artificial inoculation with nodule-originating bacterial isolates showing
promising biocontrol potential in vitro could be useful for countering A. euteiches. The choice of
pea cultivar based on the recruitment of interesting endophytes could also represent a
complementary tool for disease management in field

About the speaker:
Adrien GAUTHIER is associate Professor in Phytopathology since 2017 at
UniLaSalle Rouen campus, where he is responsible of an English Engineer
programme, and will take the responsibility of the 4th & 5th year track
"Farming For the Future".  



BIOVEXO, a BBI-JU-H2020 project on biocontrol of Xylella and its vector in olive trees for
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Xylella fastidiosa is increasingly causing diseases on olive trees and various other crops in the
Mediterranean region. It wiped out a number of olive groves in Italy and Spain in only a few years.
Unfortunately, the climate of the southern European Union is ideal for Xylella. Due to its rapid
transmission across cultivation areas, Xylella fastidiosa is projected to cause yield losses of 35% -
70% in olive harvests and 13% in almond harvests. Currently, there are no products available on the
market proven to be effective against Xylella fastidiosa, which is spread by xylem-feeding insects –
notably the spittlebug Philaenus spumarius – present worldwide and in different climatic conditions.
Only chemical insecticides are authorized to control xylem sap-feeding insects, but this is not allowed
in organic production. In the BBI JU-H2020 project BIOVEXO (1), 11 partners from 5 different
countries and belonging to industries, SMEs, RTOs and universities aim to develop environmentally
sustainable and economically viable plant protection solutions that can be deployed as a method of
integrated pest management to control Xylella fastidiosa and its spittlebug vector. At least, the two
best performing solutions will be brought forward, closer to the market, at the end of the project
(Technical Readiness Level 7-8). Integrated pest management measures will be applied to the
existing, and the newly planted orchards during the large-scale pilot in Apulia (Italy) and Mallorca
(Spain) — the two most dominant Xylella outbreak regions in Europe. In the conference, we will
present the overview of the project as well as the objectives and the research plan of BIOVEXO. 

 
For more information about the BIOVEXO project: www.biovexo.eu.
(1) This project has received funding from the Bio Based Industries Joint Undertaking (JU) under grant
agreement No. 887281. The JU receives support from the European Union’s Horizon 2020 research
and innovation programme.
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endophytic bacteria and fungi interacting with plants and works on
beneficial plant-microbe interactions in general, microbe-microbe
interactions and biocontrol of plant diseases.  



Plant-based polyphenols incorporation in preservative formulations reduces the use of synthetic
chemical agents with equivalent protection efficiency on wood and masonry.
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For better durability, wood materials used in construction need to be protected against a series of natural
degraders. Construction wood and masonry woody materials exposed to degradation by various microorganisms,
such as fungi, insects and bacteria, must be treated with pesticide formulation. Conventionally, protection
against pests is based on extensive use of synthetic chemical agents. The negative consequences of such
treatments on the environment and human health require using minimal amounts of synthetic preservatives.
Directives from most countries tend to standardize legislation focusing on the chemicals and the methods
implemented for their application. This leads to the search for novel alternative eco-friendly formulations. We
report here results obtained with the novel formulation by Groupe Berkem 80% bio-based, enriched with
polyphenols. Groupe Berkem has developed a series of formulations enriched in polyphenols that were tested
on preventing growth of Serpula lacrymans on masonry with wood, and of green algae (Klebsormidium
flaccidum) on roof tile material. 
Active agents in our formulations were IPBC and tebuconazole, plus quaternary ammonium compound and
polyphenols. The polyphenols extracted from grapes (Vitis vinifera L) by Groupe Berkem’s procedure included
polyphenols ≥ 65% (original extraction, Berkem). Importantly, with its high content of raw materials from plant
source, the formulation used here was more than 80% natural bio-based. The formulation was not flammable
and did not content VOCs.
The test for Serpula lacrymans growth was carried out according to the norm NF EN12404. Waterborne
formulations at 5.0 to 10.0% w/w were applied at 500g/m2 on the surface of mortar specimens and cellulose
disks fibers. The growth of the fungus was visually estimated. For algal regrowth of Klebsormidium flaccidum on
tiles, image analysis was used.
The polyphenol formulation reached the wood through the masonry, blocking the fungal development. Given
the typical property of polyphenols and quaternary ammonium salts to scavenger hydroxyl radical, they may act
in synergy to enhance the action of the antimicrobial agents. 
Similar results were obtained on cellulose fibers incubated with 5 strains of fungi spores. 
Compared to standard commercial formulations with chemical pesticides, the concentration of active agents in
our polyphenol-rich formulation was reduced from 0.1% to 0.005%.
In green algal treatment, treated tile samples were exposed to continuous spraying of aqueous suspension of the
green alga K. flaccidum. After 65 days of spraying, they showed delayed algal regrowth. Among the different
assays, those including polyphenols were the most effective. This shows the interest of polyphenols for limiting
the development of green algae. From our assays, the addition of polyphenols in our bio-based formulations had
the highest efficiency on wood, on cellulose fibers and masonry preservation. The presence of the polyphenol
extract allowed reducing the chemical agent concentrations by 20%. Such a significant reduction is important
for the impact of pesticide treatments on environment and human health. 

About the speaker:
Daouïa MESSAOUDI has 20 years working as R&D/Regulatory Manager for
the French chemical company Groupe Berkem specialized in plant
extraction, in formulation of biocidal products and in production of bio-
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Termite castes (soldiers, nymphs, and reproductives) are unable to feed themselves and are fed via trophallaxis
from the workers which degrade the cellulose from wood. It is of great economical importance to ascertain the
efficacy of preservatives against wood decay organisms in order to extend wood products service life. Remedial
chemical product applications are used primarily as wood treat¬ments to protect timber from colonization by
subterranean termites. However, due to environmental and health sanitary pressure, it is imperative to find
environmentally friendly alternative to synthetic chemical formulations. The insecticide efficacy of Groupe
Berkem new generation of polyphenol-containing formulations was investigated against the deterioration of
Scots pine (Pinus sylvestris) sapwood by two subterranean termite species and by a house long-horned beetle.  
The efficacy of our phenol-extract formulations was investigated against two termite species commonly found in
La Réunion, Coptotermes gestroi and Prorhinotermes canalifrons and a specie abundant in France, Reticulitermes
santonensis of the Rhinotermitidae family. For the three species, two types of plant polyphenol formulations
were assayed on Scots pine specimens for their anti-termite activity according to the NF EN 117 procedure. After
1 to 3 months of exposure to the termites, all the treated specimens showed a total protection against both
termite species, with 100% mortality. No surviving termite individuals could be observed compared to 48 to
52% mortality in the untreated controls. The effectiveness of polyphenols was higher against P. canalifrons. With
R. santonensis, lethal concentration of the formulations was obtained at 11% (w/w) and retention of product in
wood of about 60 kg/m3 with no surviving populations among workers, soldiers and nymphs. The activity of our
polyphenol formulations against the European house longhorn beetle Hylotrupes bajulus (L.) was also tested on
specimens of P. sylvestris wood. The toxic value of the preservative formulation was determined on recently
hatched larvae according to NF EN 47. Dried Scots pine wood specimens were impregnated by low-pressure
vacuum with our polyphenol formulation at various concentrations over a period of more than 24 weeks. The
mortality of larvae surviving the treatment was determined at various times (4, 12 and 24 weeks, respectively)
and the lethal concentration ascertained. The formulation was efficient at concentration as low as 3.1% (w/w)
and retention of 16 kg/m3. Similar results by surface application were obtained according to NF EN 1390
(remedial treatment).
The present results show that the incorporation of plant polyphenol extracts in our biological eco-friendly
insecticide formulations was an effective alternative for the control of termite populations as well of woodboring
beetles. Polyphenols have a strong potentiality for the protection of construction wood against xylophagous
organisms. Our natural plant extracted new generation of biocides meet the requirements of governmental
directives.

About the speaker:
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Fusarium head blight, mainly caused by Fusarium graminearum and Microdochium spp., is a plant
disease that represents considerable loss in wheat cultures, and sustainable means of warfare are
currently limited. 
Biocontrol is an alternative solution to phytochemical pesticides. However, it remains difficult to fully
harness the potential that exists in nature. A notable mean of discovering new interactions, in
particular between microorganisms is co-culture. The main idea behind this project was to put fungal
and bacterial strains together in a liquid medium allowing the growth of both participants. The
number of strains and therefore of combinations tested, required the use of microbioreactors at first.
Thus, ten different bacterial and fungal strains and twenty five fungal/bacterial co-cultures were
cultivated in two different media conditions, and tested for their activities against a Fusarium strain
isolated from wood and a yeast strain (S. cerevisiae). What stands out from this first screening is that
most of the co-cultures showed a development of the two partners or a modification of the growth of
one of them. Furthermore, several co-cultures also showed an activity against the selected targets. 
This allowed a first screening of interesting activities and a selection of strains and co-cultures of
interest. The 
criteria for the first choice of the strains and the consequent use of the microbioreactor will be
detailed

About the speaker:
After completing an engineer degree in agronomical and a master’s degree
in integrative biology of trees and cultivated plants, Eleonore MEPHANE
started a PhD project in the production of antifungal molecules via
bacterial/fungal co-cultures.



Systemic Acquired Resistance induced by Salicylic acid (SA) to control 
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Salicylic Acid (SA) is a plant hormone involved in Systemic Acquired Resistance (SAR), a plant
defense responses. 
This resistance is triggered by biotic stress, more specifically by biotrophic pathogens.
Exogenous SA application can make plants in a primed state. Primed plants are able to respond
faster and stronger after a subsequent attack by biotrophic pathogens. Pineapple mealybugs
(Dismicoccus brevipes) are biotrophic agents, vectors of PMWaVs (Pineapple Mealybug Wilt
associated Viruses). Reducing the number of D. brevipes avoids spreading the virus of Wilt and
contributes to control this disease. The management of mealybugs is done by insecticide
applications in conventional pineapple production systems. The priming by exogenous SA
application appear to be interest to improve defense responses on pineapple. In this study, the
priming by exogenous SA application is used to improve the defense responses on pineapple in
controlled conditions. The results demonstrated that exogenous SA enables pineapple priming.
This was supported by the modulation of enzymatic and molecular markers of SAR after a
subsequent inoculation of mealybugs. Thereby, primed pineapple reduced by 70% the
multiplication of mealybugs, compared to the control plants, without affecting fitness of the
plants. The SAR could be an interesting alternative for mealybugs control in agroecological
pineapple production systems

About the speaker:
Lysa N'GUESSAN, PHD student at AgroMontpellier, is developing a
biological control based on SAR on pineapple against mealybug at CIRAD, 
 Réunion. She graduated a master of Agrosciences at Rouen University and
was intern at GlycoMev searching on RET.



Screening and optimisation of the use of plant extract in vegetable 
crop protection
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Although there is increasing awareness of the importance of food vegetables in human, animal
and soil health,  adoption of improved production technologies for vegetable crops is not
proceeding at the same pace as for  fruits or cereals crops. Among, alternatives products for crop
protection, plant extract furnish a beneficial solution. PE are low-cost and environmental-
friendly solutions based on decoction, maceration, and infusion of  dried selected plants. They
can increase yield, stimulate plant growth, reduce pathogen infection, and reduce biotic and
abiotic stresses. Unfortunately, this topic is particularly under documented. 
OBIOLEG is a project focusing on the use of PE as solution against diseases of legumes. In a first
time, eighty farmers were survey about their used of PE. Social and economic aspect were taking
account as well as agronomic efficacity. Then, a bibliometric analysis of 180 publications was
performed to find PE with biocide activity. From these results, a three-step screening was
carried-out to characterized biocide and bio stimulant activities of thirty-one (PE). In a first time,
antagonist activities of PE were tested under controlled conditions against twenty strains belong
of eight species of phytopathogens (Rhizoctonia solanii, Pythium irregulare, P. violae, P.
valerianellae, Botrytis cinerea, Sclerotinia minor, S. sclerotiorum and Phoma valerianellae). 1051
combinations of PE x Pathogen x concentrations were investigated. Results were strain-, specie
and conconcentration dependant. 
More than thirty percent of the combination tested highlighted significant decreases of
pathogens growth from 9% to 100%. Interestingly, strains with high level of melanin are more
resistant to PE than light strains. Secondly, effect of ten PE was evaluated on two pathosystem :
Bremia lactucae with lettuce and Peronospora parasitica with radish. Pathogen development and
plant physiology were monitored following preventing and curating application of PE. Results
show that frequency and time of application is a key parameter to PE success. For instance
preventive application of thyme and sage decrease mildew lesion in lettuce while curative
application didn’t have any effect. Finally, in situ experiments were performed with ethanol- or
aqueous- plant extracts applicated either in curative or preventive way. Experiments were
carried in lettuce and lettuce’s lamb cultures against Botrytis cinerea, Sclerotonia sp. and Phoma
vanerianellae. The observed effects confirmed the interest of PE as alternatives of chemical
solutions.

About the speaker:
Charlotte BERTHELOT manages a research unit at CTIFL, where she studies
the impact of agroecology on soil resilience. She is specialized on the
limitation of soil tillage, microbial ecology, the use of organic matter and
service plants as well as plant extracts.
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Rice (Oryza sativa L.) is the cereal that feeds more than three billion people in the world daily. Upland
rice productivity is challenged by leaf and panicle blast (Magnaporthe oryzae) and water deficit. Plant
growth promoting rhizobacteria (PGPR), as well as silicon, show potential to mitigate biotic and abiotic
stresses. Our objectives were to evaluate the effect of Burkholderia cepacea (BRM3211) and silicon
on water deficit mitigation and leaf blast suppression in upland rice plants, in a greenhouse. 
Seeds of the cultivar BRS Esmeralda, treated with BRM32111, were sown in trays containing soil
fertilized with calcium magnesium silicate (SiCaMg). At 15 days after planting, the leaves were
sprayed with BRM32111, and at 21 days they were subjected to four days of water deficit, followed by
gas exchange evaluation. At 26 days old, the plants were spray inoculated with a suspension
containing M. oryzae conidia. The experiment was carried out in a completely randomized design, in a
factorial scheme 2 (irrigated and water deficit) x 2 (with and without inoculation of BRM32111) x 2
(with and without fertilization with SiCaMg), with six replications. BRM32111 and SiCaMg alone, or in
combination, promoted a significant increase in transpiration and photosynthetic rates, water use
efficiency, stomatal conductance, internal carbon concentration and carboxylation efficiency, in
addition to reducing the severity of leaf blast by up to 88%. BRM32111 and silicon are potential
agents for mitigating water deficit and rice blast.

About the speaker:
Marta Cristina CORSI DE FILIPPI is a scientist at Embrapa Rice and Beans.
Hery research focuses on understanding mechanisms of action of
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Diseases caused by Bipolaris oryzae (Bo) affect rice (Oryza sativa) productivity and reduce producer
rentability. The objective was to select antagonistic isolates to B. oryzae. The first trial was carried out
in a completely randomized experimental design (DIC), with 10 treatments (9 bacterial isolates 11 F,
15 F, 32 F, 33 F, 114 F, 182 F, 187 F, BRM 63521 and BRM 63522 and a control), 5 replications, under
laboratory conditions. The pathogen and bacterial isolates were cultivated as dual culture, in Petri
plates containing PDA. The second trial, under greenhouse conditions, tested two application modes of
bacterial suspensions and two rice cultivars. The application methods were by microbiolozation and
spraying the leaves with a suspension of bacteria (108 cfu.mL-1). 
Seeds of cultivars BRS Primavera and BRS Esmeralda were sown in plastic trays containing 3 kg of
fertilized soil, and 45 after planting, the plants were sprayed with a suspension of Bo conidia (6x105
con.mL-1). The isolates BRM 63521 and BRM 63522, alone or in combination were antagonists to Bo.
The 2 isolates BRM 63521 BRM 63522 were identified as Serratia marcescens and Serratia
nematodiphila, and the combination between them were efficient in reducing the severity of brown
spot in both rice plants cultivars, on average 93.2% for microbiolization, and 64.9% for spraying, in
addition to reducing the number of conidia produced by lesion by Bo, in both application methods. The
isolates are promising for the control of brown spot in rice.

 
 

About the speaker:
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Multifunctional microorganisms (MMs) can have beneficial effects on plants through direct and indirect
mechanisms. This study aimed to determine the effect of MMs on shoot and root biomass production;
gas exchange; content of macronutrients in the shoots, roots and grains; yield components; and grain
yield of common bean plants. A completely randomized design with twenty-six treatments and three
replications was used under controlled conditions. Treatments consisted of the application of MMs and
their combinations in pairs, with the nine rhizobacteria isolates BRM 32109, BRM 32110 and 1301
(Bacillus sp.), BRM 32111 and BRM 32112 (Pseudomonas sp.), BRM 32113 (Burkholderia sp.), BRM
32114 (Serratia sp.), 1381 (Azospirillum sp.) and Ab-V5 (Azospirillum brasilense); an edaphic fungal
isolate T-26 (Trichoderma koningiopsis); and a control (without MMs). These MMs were applied at three
time points: microbiolization of the seeds, watering the soil seven days after sowing (DAS) and
spraying the plants with 21 DAS. In comparison to the control. plants, the isolates 1301 and T-26, in
addition to the combinations Ab-V5 + T-26, BRM 32114 + BRM 32110 and 1381 + T-26, provided better
results, with an increase of 36.5% in the grain yield, a higher accumulation of biomass (78.0%) and a
higher content of N, P and K (42.6, 67.8 and 25.7%, respectively) in the shoots of common bean plants.
Therefore, the results allow us to infer that the use of MMs is a good strategy for increasing common
bean grain yields. 
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Inoculating plants with a mix of beneficial microorganisms can significantly improve plant growth
and contribute to sustainable agriculture. However, it is unclear if mixed inoculations of
microorganisms provide better results than inoculations of a single beneficial microorganism. Thus,
the objective of this study was to evaluate the effects of beneficial microorganisms on the
performance of upland rice in a greenhouse experiment using a completely randomized design
with three repetitions and 26 treatments. The treatments consisted of inoculations of Bacillus sp.
(BRM32110), Serratia sp. (BRM32114), Azospirillum sp. (1381), Bacillus sp. (1301), Azospirillum
brasilense (Ab-V5) and a pool of Trichoderma asperellum in isolation or in a mixture in addition to a
control treatment (without application of microorganisms). Microorganisms significantly affected
gas exchange, biomass production and nutrient accumulation in upland rice plants. The mixed
treatments of BRM32114 + pool of T. asperellum and Ab-V5 + pool of T. asperellum were more
effective than the other treatments, with improved gas exchange variables and nutrient
concentration. The 1301 + Ab-V5 mixed treatment showed higher averages for biomass production
than the other treatments, and these values were significantly different from those of the control
treatment. 
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Some Bacillus velezensis isolates are among the most promising PGPR used as biological control agents
due to their potential to secrete a wide range of Bioactive Secondary Metabolites (BSM). Although BSM 
production is considered as an adaptative trait for survival in the competitive rhizosphere niche, there
is still a lack of knowledge on how efficiently this arsenal is produced under natural conditions. In that
context, molecular dialogue occurring between the PGPR and its host plant at the root level is a key
component of the multitrophic rhizospheric interactions. In addition to previous data showing an
impact of root exudates on BSM production, we are investigating a new facet of this interaction,
involving the perception of plant cell wall polymers. Our results show that the production of the
multifunctional CLP surfactin is specifically stimulated upon sensing undegraded pectin backbone
(homogalacturonan, HG), but a more complex and dynamic process involving bacterial pectinolytic
enzymes PelA and pelB is strongly suspected. On one hand, we show that deletion of both PelA and
PelB leads to a decrease of GA1 ability to colonize plant roots. However, HG degradation products 
cannot be used as a carbon source by the PGPR thus do not contribute to increase the number of
bacterial cells colonizing the root. On the other hand, HG causes an increased production and
persistence of GA1 biofilm. We show that this increase of biofilm formation is dependant of different
factors such as HG polymerization degree, anticipated surfactin production and increased expression of
genes involved in exopolysaccharides and cohesion proteins synthesis. Interestingly, we also observed
an acceleration of sporulation dynamics in the biofilm in presence of HG. Taken all together, our results
indicate that PelA and PelB enzymes could favour HG availability which in turn act as a trigger on GA1
and thus contribute to its establishment and persistence in the rhizosphere
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Peanut (Arachis hypogaea L.) is a widespread oilseed crop of great agricultural significance in tropical
and subtropical areas. Athelia rolfsii is an agronomically important pathogen drastically affecting
yields for this crop. So far chemicals are mainly used to control this fungal pathogen and more eco-
friendly alternatives such as biological control are required for disease management in a more
sustainable agriculture in the developing countries concerned. We therefore initiated the present
study with the objective to evaluate the ability of Bacillus velezensis at reducing A. rolfsii infection.
This bacterial species has been previously well described for its plant protective activity notably due
to the production of a wide range of bioactive secondary metabolites (BSMs) including cyclic
lipopeptides (CLPs), polyketides and bacteriocins.
Our approach was first to evaluate in vitro the antagonistic potential of two isolates, B. velezensis GA1
and S499 previously described for their plant protective activity, toward the fungus using a medium
that mimics the nutritional content of peanut root exudates (MMPRE). These inhibitory-based
interaction assays revealed a crucial role for the iturin lipopeptide in the antifungal activity against A.
rolfsii. This was mainly deduced from testing loss-of-function of a range of GA1 mutants deleted in
specific BSM genes, but these in vitro tests also suggest that some bacterial volatiles may also be
involved in the global inhibitory activity. about the volatiles, our tests showed that they were weakly
fungitoxic. This suggests that there is another antifungal compound synthesized by the bacteria
essentially on MMPRE. In a first greenhouse assay in which direct contact between the biocontrol
agent and the fungal pathogen could not be avoided, both strains displayed a similar good potential to
protect Peanut although it did not give an indication on the mechanism involved. Nevertheless, in a
second assay in which spatial separation of the two microbes was applied by inoculating bacteria on
roots and the fungus on the aerial part, we observed a significant reduction in disease strongly
suggests that this is related to an induction of systemic resistance (ISR). These experiments are being
repeated using mutants of GA1 affected in the production of some secondary metabolites to confirm
that the protection is due to ISR
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The bacterial canker, caused by Pseudomonas syringae pv. actinidiae (Psa), is the most severe disease
of cultivated Actinidia species. However, Actinidia arguta, the species known as kiwaï seems to
express some tolerance. The pathogen is systemic and therefore is not easily controlled by
agrochemical products. Our objective was searching, selecting and identifying bacterial endophytes
and potential biostimulant bacteria from the microbiota of the fruit Actinidia arguta. The expectation
was to find possible antagonists able to control Pseudomonas syringae pv. actinidae or other
Pseudomonas syringae isolates pathogens of kiwi.
Two kiwifruit production orchards (Vaud, Switzerland) with a recent history of kiwi bacterial canker
cases on Actinidia chinensis were sampled to detect and isolate the bacterium Psa. If Psa has not
been not isolated from symptomatic kiwi trees, presenting characteristic bacterial cankers, another
unknown pathovar was isolated and genetically identified as Pseudomonas syringae pv syringae.
Bacterial endophytes isolated from plants of the species Actinidia arguta cv Ambrosia amuna as well
as biostimulant and antagonistic bacterial strains form the collection of our laboratory were tested
for their ability to inhibit the growth of the Pseudomonas syringae isolates. 
Totally 26 different bacterial endophytes or biostimulant and possibly antagonistic bacteria were
tested: Two of them, belonging to the genus Bacillus, were able to inhibit in vitro the growth of the
Pseudomonas syringae pv syringae strain isolated from kiwi orchards. If some complementary
experiments have to be carried out for evaluating the safety of these bacteria in kiwi, these results
are promising and the evaluation of these strains against Psa and other Pseudomonas syringae
pathovars should be pursued. 
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Chemical fertilizers certainly allowed a radical increase in crop yields in the 20th century but also
caused environmental problems. Searching sustainable solutions for biological fertilisation is
therefore essential. Legumes (Fabaceae) develop a symbiotic relationship with bacteria of the
Rhizobiaceae family and form underground organs called nodules, where bacteria fix atmospheric
nitrogen under a form assimilable by plants. Additionally some Pseudomonas species secrete
metabolites, which promote the formation of nodules. The hyacinth bean or lablab (Lablab
purpureus), a tropical legume, is emerging in France and Switzerland. Part of the human diet in Africa
and Asia, it is used in Europe in mixed cultures as a fodder crop, with the expectation of increasing in
forage protein content. In the absence of compatible Rhizobacteria in European soils, its
development remains however limited because of disappointing results in terms of growth and
forage protein content. Prospecting compatible symbiotic bacteria could overcome this problem. In
this study on lablab var. Rongaï, we tested three Rhizobiaceae strains and four Pseudomonas spp.
strains obtained from lablab nodules on local soils, alone or in combination. The bacterium
Sinorhizobium fredii strain NGR 234 was efficient to form nodules with lablab, alone and in
combination with Pseudomonas spp. resulting in significantly higher fresh and dry yield of aerial
parts and higher chlorophyll content. The co-inoculation of Sinorhizobium fredii and Pseudomonas
putida strain LB10 yielded even better results. Another strain Pseudomonas LB5, when inoculated
alone, favoured the lablab growth (higher dry weight and chlorophyll content), without forming any
nodules.
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Currently, biostimulants are considered as full-fledged agricultural inputs and represent highly
attractive businesses for major phytopharmaceutical industries. One of the major classes of
biostimulant are seaweed extracts. Those substances are mainly considered for their properties to
reduce abiotic stress and increase crop yield. They are extracted from several algae species and are
composed of several complex active substances. Therefore, the plant’s response is often incoherent,
and the precise mechanism of action implied in the response is unknown, little described or
understood. Nevertheless, the literature abounds of trials presenting positive results.
The aim of this work was to test two commercial products from the company BIO 3G, Toni Flore and
Algo + Tonic B, containing two seaweed extracts, on cherry tomato in soilless production of the variety
DR0607TC. The trial lasted from the January 15t 2021 to June 15th 2021. The experiment took place
in the “Les Serres des Marais”, in Troinex, Geneva, Switzerland, under a randomized scheme with 3
modalities (control, Toni Flore and Algo+Tonic B).
The following parameters were recorded: stem growth, yield, average fruit weight, Brix level, acidity,
firmness, lycopene concentration and colour. 
The result showed that the average yield during the entire period was significantly higher for the
treatment Algo + Tonic B than in the control. The plant stem diameter was statistically higher for the
treatment Algo + Tonic B than in the control, and this systematically from 12th March. A similar effect
was observed with Toni Flore but only from May 28th. The average fruit weight was higher for the
treatment Algo + Tonic B than Toni Flore on April 16th and 30th April. However, during the same
period, the Brix level was higher for the treatment Toni Flore. The firmness was systematically higher
in the Algo + Tonic B treatment than in the two other modalities. No effect of the biostimulants were
observed in lycopene level, acidity or colour.
In conclusion the trials showed that these biostimulants have positive effects on qualitative and
quantitative parameters. Algo + Tonic B seems the most promising biostimulant in tomato soilless
culture, yielding an economically satisfying level.
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Firstly detected in Europe in 2008, Drosophila suzukii has since spread throughout the continent.
This dipteran causes significant damage in commercial thin-skinned fruit crops, in which it lays
large numbers of eggs during ripening. The development of an integrated pest management
strategy is therefore acutely needed against this pest. It should integrate all effective pest control
techniques that do not interfere with each other. Prophylactic, physical, and biological control
methods may complement each other. Chemical control, on the other hand, interferes with
biological control and with environmental balance. Additionally, chemical insecticides can leave
residues on the fruits. Moreover, their overuse is likely to cause resistance development in D.
suzukii because of its short life cycle and fertility resulting in a large number of overlapping
generations.
Starting from the observation that microbiological control trials against D. suzukii were rare, the
present study was set up to evaluate the potential of entomopathogenic fungi against this pest in
laboratory conditions. Six fungal strains were selected on the basis of their effectiveness against
D.suzukii by direct spraying. They belong to the genera Paecilomyces, Beauveria and Metarhizium.
Two relatively innovative application techniques were evaluated for these strains.
A first trial aimed to evaluate the effect against D. suzukii of an inoculation of endophytic
entomopathogenic fungi on strawberry plants. The effects of inoculation on fruit yield and plant
growth were also evaluated in the meantine. Plants were individually inoculated by watering the
centre of their crown with 10 mL of a solution of conidia (107 conidia.mL-1). After 20 days, no
significant effect is observed on fruit protection. On the other hand, a slightly positive effect is
observed for two of the six strains on fruit yield. In regard to plant growth, a significant positive
effect is observed on the average root dry weight of plants treated with 3 fungal strains, after 3.5
months culture.
A second trial evaluated the mortality caused by the ingestion of a liquid diet supplemented with
conidia of entomopathogenic fungi (107 conidia.mL-1). The diet was provided by a micro-watering
trough. Two of the six strains tested had good lethal potential, the best strain causing an average
mortality of 82% after 18 days of diet. The results encourage the realization of new studies to
develop this new application of entomopathogenic fungi. 
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Most plant productions require the prior production of seeds, carried out by specialized companies,
with in-depth knowledge of seed crops, their pathogens and pests. These pathogens and pests often
remain unknown to the agricultural world. They are very little studied and control strategies do not
exist. The present study is typical of such a situation: Zollinger Bio, an organic seeds producer,
regularly deals with seed crops health problems. For several years, the production of onion (Allium
cepa) and leek (Allium ampeloprasum var. porrum) seeds has been reduced by 50% by bugs,
morphologically and genetically identified as Carpocoris fuscispinus. Their piercing-sucking
mouthparts allow these insects to empty the maturing seeds. Carpocoris fuscispinus, a native bug in
Europe, has never been considered as a pest, although observed once as a cereal pest in Iran. The
pest already caused damage during flowering making the use of insecticides not possible, because
of their harmful effects on pollinating insects. Authorised biopesticides in organic agriculture
showed no efficiency. Entomophagous fungi could therefore be an alternative. Two fungal isolates,
Beauveria bassiana UASWS 1427 and Paecilomyces fumosoroseus UASWS 1457, were tested
against C. fuscispinus. The experimental units consisted of five bugs in a box with water and food
(leek flower, spelled crop seeds). The mortality increased quickly between day four and day eight
and reached 100% adults for B. bassiana and 90% for P. fumosoroseus at day eight. Similar results
were obtained on larvae. These results are promising of a possible microbiological control against C.
fuscispinus.
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During pathogen invasion, Microorganism-associated molecular patterns (MAMPs) are released from
the pathogen and recognized at the plasma membrane by pattern recognition receptors (PRR). MAMP
recognizing triggers a signal cascade that activates immune responses, including transcriptional and
physiological changes to restrict or halt pathogen invasion. In practice, MAMPs mediated activation
of immune responses allows defending the primary pathogen attack and a further one in a process
known as immune priming. Two well-characterized MAMP are flg22 and EIX. Flg22 is a bacterial
peptide derived from flagellin of Pseudomonas sp, and EIX is a fungal endo-xylanase isolated from
Trichoderma viridae. Plant capacity to respond against MAMPs depends on the specific PRR
repertoire. Some species, such as tomato, respond to both, whereas Arabidopsis only responds to
flg22. There is limited information about the immunity of Cherry trees (Prunus avium cv. Lapins), a
prominent commercial product for Chile, Turkey, the USA, and Iran. Here we characterize
transcriptional changes provoked by flg22 and EIX elicitation. Both MAMPs induce immune
responses in Cherry trees: activating defense genes expression and defense physiological responses
such as oxidative stress and cell death in the case of EIX. To assess the priming effect, leaf discs were
inoculated with Pseudomonas syringae pv. Syringae after flg22 and EIX elicitation. Flg22 and EIX
pre-treatment tissue presented lower pathogen load, indicating enhanced resistance against P.
syringae. These results indicate that Cherry trees have the molecular machinery to recognize and
respond to flg22 and EIX. Furthermore, flg22 and EIX elicitation are able to induce priming,
protecting the tissue from a subsequent infection event of the phytopathogen.
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While growing, plants are subjected to many stresses and their environmental adaptation is ensured by the
secondary metabolites production (SM). Plants cleverly build and gather a wide source of molecules with various
biological activities, respectively from themselves and other organisms’ point of view. SM are present in varying 
 concentrations in plants, which can be modulated by genetic, physiological or agronomic factors. 
Chili pepper (Capsicum) produces specific and widespread SM and among them, some are precious for animal
health such as capsaicinoids, anti-inflammatory compounds which promote digestion and absorption of nutrients
by the animals (feed efficiency), carotenoids, powerful antioxidants used for poultry skin and eggs pigmentation,
and polyphenols, high potential antioxidant (inhibition of reactive oxygen and nitrogen species and
metal chelators, as examples). When plants are subjected to eustress (beneficial controlled stress), their
resistance is increased by defense reactions including secondary metabolite production. Elicitation by external
factors makes it possible to influence the concentrations of triggered metabolites of interest. Animals and fungi
have evolved the ability to sense signaling and stress-induced molecules from other species such as plant’s
defense metabolites: it is called xenohormesis. Through co-evolution, elicitation techniques can be used during
chili pepper cultivation to increase capsaicinoid concentrations. Similarly, some polyphenols like quercetin are
not synthetized by animals and yet, displays effects on them.
To produce a totum with high biological activities, breeding a cultivar with the chemistry targeted might be a
solution. However, strongly pungent varieties (with high capsaicinoid content) or loaded with high content in
antioxidant molecules require more demanding growing conditions. The cultivation of moderately pungent
varieties is easier, more widespread and the yield is higher. Elicitation is an important lever for optimizing
concentrations. In Capsicum genus, the most present families of polyphenols are flavonoids, specifically
flavonols and flavone. The latter are known respectively for their anti-inflammatory and antioxidant activities.
Elicitation has been shown to increase polyphenols level depending on the type of elicitation. Rot pathogens or
chemical stress like calcium chloride or chitosan are elicitors that can increases total polyphenolic content. 
In this work, several treatments and elicitors combinations have been tested such as UV-C (5 kJ/m²), hydrogen
peroxide foliar application (400 mM) and combinations of these elicitors with drought stress, on two varieties
before fruit harvest (Habanero and Bhut Jolokia). Some metabolites were identified and quantified (capsaicin,
dihydrocapsaicin, and flavonoids) with UPLC-ESI-TQ-MS. The choice of variety, the type of elicitor, the dose, a
combination of elicitors, treatment stage and applications number are some of the criteria that should be
optimized while checking the integrity of the plant using indicators (visuals, gas exchange measurements,
chlorophyll fluorescence)
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Industrial applications of animal by-products (ABPs) from meat and livestock industry are certainly an enormous
contribution towards a bio-circular economy as value-added products due to their high content in proteins, fatty
acids, carbohydrates, minerals, and vitamins amongst others. According to the European Fats Processors and
Renderers Association (EFPRA), EU slaughterhouses generate each year a large volume of Category 3
(insignificant risk) animal by-products and almost 2.5 million tonnes of disease-free Category 2 ABPs are
annually collected from farms. A total 17 million tonnes of ABPs are yearly processed, resulting in more than 3.5
million tonnes of animal protein and high protein containing wastewaters. 
According to the European Regulation (EC) No 1069/2009 (ABPR), such ABPs must be correctly managed
consequently to their risk category. In practice, Category 2 products are mainly derived to energy recovery (last
path recommended by the EU’s Circular Economy strategy) or disposed in authorised landfills, while Category 3
products are mainly intended for animal feed. 
Therefore, LIFE byProtVal project aims to revalue ABPs as secondary raw material to produce higher added value
products such as biobased chemicals for leather industry, as well as free amino acid-based biostimulants for
agricultural applications. The process consists of an enzymatic protein hydrolysis resulting in a broad range of
protein-based products and their hydrolysates. Defatted pig carcasses have been used as raw material in the
past, although processing conditions have been adapted to new raw materials and product intended use. The
process has proved to recover up to 85% protein present in treated animal by-products and it has shown to be
an adaptable process, easily customisable to distinct types of ABPs. 
Such methodology for protein recovery has proven to be a more resource-efficient process compared to
conventional ones based on chemical hydrolysis, contributing to reduce energy and water (96% approx.)
consumption, minimising wastewater streams, as well as reducing up to 35% CO2 emissions into the 
 atmosphere. Moreover, this process is suitable for different kind of animal protein processing. Final products
based on free amino acids have been profiled to assess their compliance with associated legislations, in terms
of heavy metals content, amino acids profile, chemical properties, etc. Biostimulants based on free amino acids
produce short-cut nitrogen cycles, simplifying the stages of nitrogen fixation  by plants and thus stimulating
their growth besides requiring between 2 and 10 times less concentration to achieve similar results to those of
commercial biostimulants. LIFE Byprotval is now in TRL 7 project in a scaling-up production process stage, to
recover protein derivatives from greaves and rendering plant wastewaters as well as meat product processing
plants. A pilot demonstration plant, with a recovery capacity of over 100 tons/year has been installed in
Almazán, Soria, Spain for by-products treatment. The project now seeks to optimise processing parameters and
running conditions, so protein derivatives can be validated and produced in significant quantities as
biostimulants for sustainable agricultural use.
Acknowledgments LIFE byProtVal project is partially funded by the European Commission through the Life
Programme (Project reference: LIFE16/ES/000467)
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Grapevine trunk diseases (GTD) have become a major concern in viticulture (15% yield loss). Since
the ban in 2001 of the use of sodium arsenate (the only approved pesticide), but also in the global
context of reducing phytosanitary inputs in viticulture, the use of alternative methods, such as
biocontrol, has become a major issue. Among the promising microorganisms, the oomycete Pythium
oligandrum is known to improve the plants health by increasing their natural defenses and reducing
diseases to up than 40%.

The BIOBESTicide project (BIO-Based pESTicides production for sustainable agriculture management
plan), funded by the European Commission, aims to industrialize the production of a biopesticide
solution to fight grapevine trunk diseases. The production of P. oligandrum will be done through the
valorization of sustainable biomasses, such as beet molasses. Efficiency evaluation of the product
formulated from P. oligandrum will be carried out at different scales, from the nursery to vineyards
in different geographical areas. In addition, the environmental impact of this solution will be
assessed in order to ensure its safety.

One of the objectives supported by INRAE within the BIOBESTicide project, is to get a better
understanding of the role of plant microbiota in plant health, and more generally, in the
effectiveness of biocontrol treatments. This objective is divided in two parts: 1) assessing the
impact of the biopesticide on microbial communities of the vine through a microbial community
diversity approach and 2) understanding the factors of success or failure of the biopesticide use.

Thus, an experiment in semi-controlled conditions was carried out in a greenhouse. Overall, 240
vines were treated with a P. oligandrum formulation and were inoculated with two fungi involved in
wood diseases: Neofusicoccum parvum and Phaeomoniella chlamydospora. A three-month follow-
up was carried out with samples from different compartment plants (leaves, wood and rhizosphere
environment) to allow the evaluation of potential changes on microbial communities, whether as
part of grapevine trunk disease or after P. oligandrum action.

The results obtained will extend the approval dossier for the active substance, which will be
submitted in all European countries to ensure the safety of the product used, both from health and
environmental point of view.
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Excessive use of agrochemicals such as inorganic fertilizers and pesticides have major adverse
impacts on the soil and human health and environment sustainability. Thus, the investigation of
renewable and organic solutions is gaining importance not only to meet the demand for food but
also to maintain our ecosystem quality. Among these strategies, the use of PGPR for sustainable
agriculture has increased worldwide in recent years. Agrobacterium tumefaciens is a ubiquitous
soil-borne Gram-negative bacterium that leads to crown gall disease on a wide range of
dicotyledonous plants and is globally relevant plant disease. Some species belonging to the genus
Bacillus are plant growth promoting bacteria (PGPR), and these species have been used as efficient
biocontrol agents to manage soil borne plant pathogens. Bacillus strains such as Bacillus
velezensis 32a isolated from Tunisian rhizosphere soil sample was characterized as the most
effective biocontrol strain against A. tumefaciens strains. Their protective effect could rely on
their capacity to produce wide range of bioactive compounds that exert antagonistic actions
against pathogens. The present study aimed to explore active compounds from B. velezensis 32a
against A. tumefaciens and their potential to control crown gall. Based on agar well diffusion
method, the strain 32a showed a strong inhibitory activity against the pathogenic A. tumefaciens
strains C58 and B6,where bacterial growth was reduced by about 35.17% and 41.68%,
respectively. However, weak inhibitory activity was observed against A. tumefaciens strain Gv220.
Liquid chromatography coupled to mass spectrometry (LC-MS) was used to identify the active
compounds produced by the strain 32a. The results obtained from these experiments revealed the
production of six different compounds identified as surfactins, fengycins, and iturins belonging to
lipopeptide group, two different kinds of polyketides (macrolactin and bacillaene) and bacilysin.
Antibacterial activity of the purified lipopeptides surfactins, iturin A, mycosubtilin and fengycins
and different mixtures of these compounds was investigated using MIC determination method.
Results indicated that the surfactins and surfactins/fengycins mixture were the most active
lipopeptides against planktonic cells of A. tumefaciens, but at high concentrations of 0,5 g/L.
These results showed the weak antagonistic activities of purified lipopeptides against pathogenic
A. tumefaciens strains. Despite this, the high antibacterial activity of B. velezensis 32a against the
pathogenic strains provided further evidence of the effeciency of polyketides, bacilysin and
probably other compounds in controlling crown gall pathogens. The contribution of these
bioactive compounds in the antibacterial activity against A. tumefaciens strains will be further
evaluated through mutant construction.
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The Trichoderma biofungicide products marketed to date in France are based on the use of only 4
species, while recent studies showed the genus Trichoderma contains more than 300 species. The
biodiversity of Trichoderma is very far from having been explored in depth for their potential in crop
protection. This is particularly striking if one considers the high intra-species variability in their
antagonistic capacity.
The project called TRICHODERMA aims to identify new solutions for the control of bacterial and
fungal diseases on cultivated plants. It proposes to select the more effective Trichoderma stains
from a screening of a large number of isolates. Thus, 50 fungal strains were isolated from different
geographic regions and environments, and then identified with specific molecular markers.
The set of 50 Trichoderma isolates were screened for their industrial potential by assessing spore
production and growth rate. Then, their antagonistic properties against 12 plant pathogenic isolates
(Phoma Valerianellae, Rhizoctonia solani, Pythium sp., grapevine trunk diseases) were studied by
direct confrontation and compared to the activity of 2 commercial strains.
Biocontrol agent efficiency may partly be explained by the production of secondary metabolites.
Filtrates from liquid culture of 29 Trichoderma isolates were obtained and their antimicrobial
activity against 3 phytopathogenic bacteria (Acidovorax valerianellae, Xanthomonas campestris,
Erwinia amylovora) were quantified using a microplate reader technique.
This screening allowed us to identify several strains with a higher antagonistic capacity compared to
the commercial strains. Their efficiency to control various bacterial and fungal diseases will be
assessed in greenhouse and field trials
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Jasmonates (12-oxo-phytodionoic acid (OPDA), jasmonic acid (JA), jasmonyl-isoleucine (JA-Ile)) are key
phytohormones involved in resistance against necrotrophic pathogens and chewing insect herbivores. In
response to pathogen recognition or wounding stress, a robust increase in jasmonates leads to
downstream defenses. However, recent studies suggest that the wound-induced jasmonate burst is muted
at elevated carbon dioxide (eCO2) levels suggesting that C3 plants may be more susceptible to
necrotrophic pathogens and insects under future predicted CO2 levels (Bazinet et al., 2022). As well,
nitrogen fertilization appears to be involved since the nitrate-associated enhancement of the jasmonate
burst that is observed at today’s CO2 levels is alleviated at eCO2. 
 In this study, we tease out the role of CO2 and nitrate fertilization in mediating the jasmonate response to
wounding by using Arabidopsis thaliana nitrate reductase mutants nia1 and nia2. At eCO2, the reduction in
photorespiration affects the subcellular distribution of reductant. In addition, nitrate assimilation requires
reducing equivalents. Thus, the combination of reduced photorespiration at eCO2 and high nitrogen
fertilization affects cellular redox balance and the signalling that leads to the jasmonate burst in response
to stress. Using the mutant nia1, that assimilates most nitrate in the shoot, as compared to nia2, where
most nitrate is assimilated in the root, we investigated wound-induced responses at eCO2. 
 Our data support the link between nitrogen fertilization, CO2 levels and the jasmonate burst. In C3 plants
that assimilate nitrate in their leaves, such as arabidopsis, the cellular environment may be more oxidized
due to additional reductant requirements for nitrate assimilation. In the nia2 mutants, where the majority
of nitrate assimilation occurs in the roots, a weaker jasmonate burst was observed compared to the
wildtype or nia1 mutant at ambient CO2. At eCO2, the jasmonate burst is suppressed. Since
photorespiration affects the distribution of cellular reductant, this again likely reflects the cellular redox
balance. 
Atmospheric CO2 levels are predicted to double to 900 ppm in the next 50 years. This will affect C3 crop
responses to biotic stresses, in particular against necrotrophic pathogens and chewing insects. It is
imperative that we understand the interplay between photorespiration, nitrogen assimilation and plant
defence signalling to ensure sustainable agricultural practices under future environmental conditions. 
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The cotton leafhoppers Jacobiasca lybica (Bergevin & Zanon, 1922), is a polyphagous species
considered to be a major pest of grapevines in Europe, causing significant economic damage and
considered in Morocco as a secondary pest of several crops including citrus fruits. Its control mainly
based on chemical treatments, which remains necessary to explore more other techniques such as
biological control. In this study, we evaluated the voracious appetite of different larva instars of the
green lacewing Chrysoperla carnea (Stephens, 1836) (Neuroptera: Chrysopidae) on J. lybica under
laboratory conditions. The study was conducted in laboratory of INRA-Morocco (Qualipole of
Berkane). The larvae and adults of leafhopper and lacewing were collected from a vineyard located in
Berkane Province (Morocco) during autumn of 2021. Each lacewing instar (L1, L2 and L3) was put in a
petri dish containing a humid filter paper and a freshly detached grapevine leaf, with 15 adults and 5
larvae of leafhoppers that was replicated nine times to assess the predatory potential, by counting
the number 
of leafhopper consumed after 24 hours. Our results indicated that the predation rate for L3 instar was
47,78 % which differs significantly from L2 instar 31,11%. No significant difference was revealed
between L2 and L1 instars that had a predation rate of 21,66 %. The predation rates should be
interpreted with caution as C. carnea was fed on J. lybica in our laboratory conditions and that do not
reflect the real conditions in fields. Further studies should be done in fields as this predator was the
most abundant natural enemies during the autumn period in Moroccan.
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Plant secondary metabolites such as coumarins are promising candidates to use for sustainable crop 
protection. In previous work, we presented that 7-hydroxy-6-methoxycoumarin (scopoletin)
provides an effective protection for soybean from Asian soybean rust (SBR) – a severe crop disease
caused by the obligate biotrophic fungus Phakopsora pachyrhizi (P.p.). Hence, we employed
sunflower O-methyltransferases (OMTs) to expand the coumarin spectrum by synthesizing 6-
hydroxy-7-methoxycoumarin (isoscopoletin) and 6,7- methoxycoumarin (scoparone) in planta.
Transient expression of these sunflower OMTs in combination with a feruloyl-CoA-6’hydroxylase
(F6’H) resulted in the accumulation of isoscopoletin and scoparone in transformed N. benthamiana
leaves. When co-applied with P.p. spores on soybean leaves, isoscopoletin or scoparone provided a
protective effect against SBR as previously shown for scopoletin. This protective effect was
weakened for scopoletin and scoparone when they were exposed to light prior to the co-application
with P.p. spores. In contrast, isoscopoletin better withstood degradation than scoparone and
scopoletin and maintained its protective effect regardless of light exposure. Scopoletin and
isoscopoletin both offer promising activity against ASR but are also inactivated by glycosylation.
Scoparone, on the other hand, is not inactivated by glycosylation due to its structure. Therefore, we
propose that a blend of the three here introduced coumarins provides a promising approach for
effective and eco-friendly crop protection
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The Unfolded Protein Response (UPR) is essential in the control of Endoplasmic Reticulum (ER)
protein folding and maturation for eukaryotes. As far as phytopathogens are concerned, the UPR is
also an important pathway associated with antifungal resistance. Indeed, UPR depletion in
Alternaria brassicicola mutants shows a complete loss of virulence as well as a high sensitivity to
phytoalexins. Therefore, the UPR pathway appear as an interesting target for the development of
new antifungals. In fungi, the UPR signal pathway is only mediated by transmembrane protein
IRE1. Its activation due to a reticulum stress allows to restore protein homeostasis through mRNA
HAC1 splicing. Our search for inhibitors targeting IRE1 started with the implementation of a
screening test using genetically modified Saccharomyces cerevisiae as a reporter system for IRE1
activity. Testing 77 naturals products (terpenoids, alkaloids and polyphenols) led us to identify 7
potential inhibitors (“hits”) of IRE1. Inhibition of HAC1 mRNA splicing by the best of them was
then confirmed by RT-PCR. Antifungal activity was finally monitored in planta on cabbage leaves
infected by A. brassicicola or Botrytis cinerea. At subtoxic levels, a disease regression was clearly
shown for both filamentous fungi. The screening test was also evaluated during bioguided
fractionation of complex plant extracts whereas pharmacomodulation studies on hits were
undergone through molecular modelling and (semi)synthesis
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Microalgae is known to possess bio-stimulating property while Chitosan is well known for its
inherent biological properties. With the aim of minimising nitrogen application, this experiment
was conducted to check if application of chitosan or microalgae or both at 50% N can balance
the nutrient requirement for the different physiological and biochemical development as
effective as by 100% N dose. The data were recorded only for the early vegetative stage as the
seeds were non-vernalized. Basic parameters recorded were the Hexose content, Chlorophyll a,
Chlorophyll b, Total Phenol Content (TPC) and Relative Water Content (RWC). In most of the 
parameters comparable results between control (with 100% of N recommended dose) and the
other treatments (where either microalgae or chitosan or both were added) was found. Whereas
it was clearly shown that 50% of recommended nitrogen doses reduces the hexose content,
chlorophyll content and relative water content. Thus, the treatments were effective in
supplementing the developmental requirements. After confirmation of compatibility of
chitosan and microalgae, an easy-to-handle product was derived by encapsulating the mixture. 
The encapsulated product was then tested in plants. Total Chlorophyll and relative water
content were taken from the samples and compared with the earlier pot experimentation
result.
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In the context of sustainable potato production, there is a need for alternatives to synthetic
fungicides for the biocontrol of potato late blight. Though the antimicrobial activities of members
belonging to the Bacillus subtilis group are well reported, there is little information about the
potential of Bacillus mycoides. In this study, we assessed the potential biocontrol activity of three
strains of B. mycoides, isolated from rhizosphere and soils in Belgium, against Phytophthora
infestans. The in vitro antagonistic activity was assessed by direct confrontation in dual culture
assays in Petri dishes, using either a single or a double-plate system. A significant reduction of 
hyphal growth was observed in both systems, indicating the presence of diffusible active
compounds in the solid medium, as well as the involvement of volatile organic compounds released
in the air. The efficacy of the bacteria against potato late blight was also tested in planta, by
comparing the disease infection progress on plants inoculated with P. infestans after a treatment of
leaves or roots with the bacteria. The results showed a reduction of disease intensity after the
application of the three bacterial strains on the leaves. This work paves the way for
further investigation on the different B. mycoides antagonistic compounds involved in these
antagonistic activities.
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Wheat is one of the most important crops in Belgium. As for many plants, it is targeted by
different pathogens, mostly fungi, that can affect the roots (e.g. take-all disease caused by
Gaeumannomyces graminis var. tritici), stem (e.g. Oculimacula yallundae and Oculimacula
acuformis responsible of eyespot), leaf (e.g. Zymoseptoria tritici causing septoria tritici blotch) or
ear (e.g. Fusarium spp. and Microdochium spp. producing Fusarium ear blight). As a consequence,
several treatments with chemical fungicides are usually used to ensure an adequate crop
production. 
However, the emergence of fungal populations resistant to these chemical pesticides, and the
demand by the European Authorities for a better integrated pest management has now
encouraged the development of new environmental friendly approaches. This work aimed at
studying indigenous Bacillus spp., Paenibacillus spp. and Pseudomonas spp. associated with
cereal for the biocontrol of wheat diseases. More than 1,400 strains were isolated from Walloon 
agricultural soils, cereal plants and seeds. Extensive in vitro screening of antagonistic activities
against different wheat pathogens was performed to highlight bacteria displaying a high
biocontrol potential. About 90 active bacterial isolates were selected and identified by
housekeeping genes sequencing. Most Bacillus spp. and Paenibacillus spp. were isolated from
roots and soil while the Pseudomonas spp. isolates came from either roots, soil or leaves.
Diffusible metabolites of interested, such as lipopeptides, siderophores or lytic enzymes were
tested by PCR screening for genetic determinants and in vitro assays.A detailed characterization
of this strain collection will be given, including their activity spectrum against the most yield-
threatening fungi
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Many biostimulants are currently introduced into the agricultural sector. However, their efficacy in
the field is sometimes difficult to demonstrate due to many sources of variability that complicate
their accurate evaluation. 
Within the framework of a project developed by the company Redebel SA, in collaboration with
UClouvain and ULg and funded by the Walloon Region in Belgium, it is attempted to design new
efficacy screening methods relying on controlled conditions phenotyping and to evaluate their
predictions against trials established in agricultural fields. As part of this study, UCLouvain
developed tests to assess the biostimulants behaviour under controlled conditions. Plant
responses were evaluated after the application of three representative types of biostimulants
(organic, inorganic and microbial) using distinct protocols. Three plant species (maize, wheat and
tomato) were tested, using two culture methods (hydroponics and pot culture) and two abiotic
limitations (water deficit and limited nitrogen nutrition). Beneficial effects on plant development
were observed following the application of biostimulants. However, benefits of biostimulants
varied depending on the protocols applied. This highlights the diversity of mechanisms and
interactions between biostimulants, plants and their environment and, therefore, the need for
further characterization
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Endophytic microbial communities contribute significantly to plant health. If this is widely
accepted, the question remains on the mechanisms underlying such protection. This project aims
to assess how endophytic microorganisms interfere with phytopathogenic bacteria colonizing the
specific niche of the xylem. As a general objective, we propose to study the interactions between
two phytopathogenic xylem-specialist bacteria (Brenneria salicis and Xylella fastidiosa) and
endophytic communities in the Salix and Populus genera. In the last decades, public awareness of
environmental issues, such as air and water pollution, global climate change and soil erosion, has
led to a return to the cultivation of willows and poplars. Indeed, particularly in Belgium, Salix and
Populus play an important role in the phytoremediation of degraded sites, in the fight against
erosion and desertification of fragile ecosystems, and in the restoration of forest landscapes
Understanding and modelling the modus operandi of pathogens interaction with the endophytic
microbial communities is therefore a major phytosanitary challenge, and will constitute a major
breakthrough in the fight against epidemics possibly affecting willows and poplars. B. salicis and
X. fastidiosa have caused and still cause much damage. X. fastidiosa spread in the 1800's in
America by ravaging crops such as grapevines and citrus. It has more recently established itself in
Europe (in Italy, Spain, Portugal and France) where it ravages notably olive trees. B. salicis settled
in Belgium in 1980 and has also spread to England and Japan causing ecological and economic
damage. However, although pathogenic most of the time, these two bacteria can be found in a
latent state where in spite of the infection of their hosts, these do not develop symptoms. No
environmental or genetic factors explain this symptomatic-asymptomatic duality. The interactions
between these two phytopathogenic bacteria and the endophytes present in the xylem is the
focus of our current explanatory hypothesis. After a screening phase by isolation the endophytic
communities colonizing the xylem of Salix and Populus genera, interactions with phytopathogenic
bacteria such as X. fastidiosa and B. salicis have been looked at, to better unravel the relationships
between woody plant endophytes and xylem-specialized pathogenic bacteria of the different
pathosystems. Several interactions are studied, such as the relationship between pathogenic
bacteria and their hosts, the competition between the two phytopathogenic bacteria in the same
host, and the relationship between pathogenic bacteria and endophytes. Understanding microbial
interactions in the xylem might also help controlling major bacterial diseases.
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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. They can
increase yield, stimulate plant growth, reduce pathogen infection, and reduce biotic and abiotic
stresses. Among these PGPRs, endophytes are defined as those bacteria that are able to colonize
the internal tissue of the plant without causing external signs of infection or negative effects on
their host. Burkholderia phytofirmans PsJN, classified as an ePGPR, was first isolated from surface-
sterilized onion roots infected with the mycorrhizal fungus Glomus vesiculiferum. This
rhizobacterium significantly promotes growth and protects the grapevine against biotic (grey
mould disease) and abiotic (cold) stresses. If mechanisms implied in cold tolerance induced by
PsJN were elucidated, the protective effect induced by the PGPR against B. cinerea however
remains elusive. To unravel the mechanistic of pathways involved in the observed resistance,
different traits of the tripartite interaction between Vitis vinifera L., Botrytis cinerea and
Burkholderia phytofirmans were highlighted. Among these aspects, direct antimicrobial action of 
PsJN, the ability of the bacterium to prime defense responses and carbohydrate metabolism of
grapevine will be presented
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Current needs in Sustainable Agricultural Systems require the decrease of conventional pesticides
and fertilizers. Nowadays, biomolecules are associated with a newly form of agricultural practices
that could reduce the use of agrochemical products and ensure plant adaptation to environmental
stress conditions such as drought and thermal stress. For example, polysaccharides from algae
(alginate) and mushrooms (chitosan) can be used as a microcarriers, providing diverse active
molecules like macro- or micro-nutrients, polymers and oligomers which are known to enhance
plant adaptation in response to different stress. Indeed, they are known to induce the production of
Pathogenesis Related proteins (PR proteins), which stimulate plant defense mechanisms,
forewarning against biotic stress and are involved in plant signalization of abiotic stress. In addition,
they have a capacity to reticulate with ionic crosslinkers like phosphates and calcium salts to trap
water molecules which would have a role in the cell ionic equilibrium. Conceptually, a
multifunctional biostimulation can occur in the plant in synergy through polysaccharides, ions and
water inputs. 
Our project aims at generating natural polysaccharidic bioformulations and evaluating their
potential effect on wheat tolerance under water and thermal stress at different scales. Firstly,
molecular and physiological analyses will be carried out under controlled conditions in order to
determine the suitable applications and concentrations of bioactive molecules. Then, using semi-
controlled platform dedicated to wheat phenotyping under different water  regimes (Pheno3C, UMR
GDEC-INRAE Crouël, France), experiments will be performed to validate the effect of the
bioformulations under natural field conditions. Finally, some of the most promising bioformulated
products will be tested in field using farmers’ trials under the supervision of the Agricultural French
Cooperative Oxyane. In parallel, total fungi biomass and seed storage proteins of treated plots will
be estimated to determine the effect of the bioformulations on the rhizosphere composition and
the migrations of nutrients during grain maturation. 
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Apple scab can cause yield loss of up to 70%: this serious disease, caused by Venturia inaequalis,
attacks leaves and fruits. Apple scab is managed with fungicides including triazoles which is the most
widely used class. Cases of resistance to these fungicides are appearing increasingly. Several
mechanisms may explain fungicide resistance. One of them is the overexpression of efflux pumps.
Efflux pumps can release fungicides and modulate their intracellular accumulation.
To replace the current fungicides, more environmental-friendly alternatives are sought, such as
biofungicides. 
In this study, we’ve tested the in vitro antifungal activity of three families of microbial metabolites
produced by B. subtilis with a range of concentrations (fengycin, mycosubtilin and surfactin). Two
Venturia inaequalis strains were used: a sensitive to tebuconazole (S755) and a reduced sensitivity to
tebuconazole (Rs552). 
Through the determination of half inhibitory concentration (IC50 determined by non-linear
regression), results revealed that the strain with reduced sensitivity to tebuconazole also showed
reduced sensitivity to fengycin and surfactin. On the other hand, Rs552 remains sensitive to
mycosubtilin.
To determine the origin of the reduced sensitive of Rs552, tolnaftate, an indicator to the efflux
pumps 
overexpression was used. Activity on S755 strain and no activity on Rs552 strain was observed,
indicating a potential rule of efflux pump.
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Cyclic LipoPeptides(CLiPs) constitute a unique major class of microbial secondary metabolites with
surfactant and antifungal properties that make it possible to consider their use in biocontrol
applications. They can act through direct antagonism mechanisms towards the pathogen (biocides)
or indirectly by inducing plant defense responses. 
CLiPs are non-ribosomally synthesized by modular mega-enzymes so-called Non-Ribosomal Peptide
Synthetases (NRPS) that are encoded by large biosynthetic gene clusters (BGCs) spanning over
dozens of kilobases (kb) in the genomes. NRPSs work as production chains to catalyse, step by step,
the assembly of amino acids leading to the construction of non-ribosomal peptides. For a decade,
bioinformatics tools have been developed to facilitate the identification of BGCs within the
genomes and to predict the structure of potentially produced CLiPs.
Several obstacles to the use of CLiPs in biocontrol have been identified. On one hand, CLiPs are
frequently produced in small quantities (at most a few tens of miligrams per liter of culture), and the
same strain is often capable of co-producing several lipopeptides in a mixture, which poses
difficulties in their extraction/purification. 
On the other hand, some BGCs are even cryptic, i.e. not expressed under laboratory culture
conditions. To overcome these limits, heterologous production consists of using a host strain into
which BGCs containing biosynthesis genes are introduced to produce the targeted CLiP. We
developed molecular tools in combination with a chassis strain, capable of receiving various BGCs, to
control the production of variable CLiPs of various origins and in sufficient quantities to i) analyze
their structure, ii) understand their mode of action, and iii) evaluate their activities at different scales
(laboratory, greenhouse, field). Here, we present the results of proof of concept with orfamide
synthetase genes cluster expressed in the strain Paraburkholderia phytofirmans PsJN
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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”. The
European ERA-NET SusCrop Project BioProtect contributes to reducing the application of chemical
pesticides through the creation of a platform for the development and formulation of dsRNA for a
cost-effective crop protection. dsRNA is a nature-derived molecule that originate in RNA
interference (RNAi) pathways involved in gene regulation and pathogen defense and represents
an environmentally safe molecule that is rapidly degraded in soils. Its exogenous application in
plants was shown to lead the activation of RNAi pathway which 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. The BioProtect project is devoted to the development and testing of hq-dsRNAs
formulations for the protection of vegetables and cereal crops against targeted pathogens under
greenhouse and field conditions. 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. Results on the topical application of hq-dsRNA for protecting plants
against infection by a model virus will be presented.

About the speaker:
Anna SEDE has a PhD in Biological Sciences and currently, I am doing a
postdoc at IBMP-CNRS in the team of Dr. Manfred Heinlein. In their lab,
they are focused on the study of plant virus interactions during viral cell-
to-cell movement



Alginates act as physical barrier to protect grapevine against downy and powdery mildews
 

Marie-Claire Héloir(1), Roméo Djoman(2), Christelle Lemaitre-Guillier(1), Chrystel Deulvot(1)
 Sophie Trouvelot(1), Abdelwahad Echairi(2), Sylvère Bonnet(3), Benoit Darblade(3), Benoit Poinssot(1)

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

Univ. Bourgogne Franche-Comté, Dijon, France.
2 - SATT-SAYENS, Dijon,France.

3 - Elicityl, Crolles, France.
 

In the context of sustainable agriculture, identifying new molecules able to protect plants from
pathogenic microorganisms is still a major challenge.
Alginates are bio-polymers derived from the cell wall of brown algae formed by homopolymeric or
heteropolymeric blocks of mannuronic acid (M) and guluronic acid (G). They are widely used in the
food and pharmaceutical industries as thickeners, gelling agents, emulsifiers and stabilizers that are
safe for human health. To know if these molecules might be used as new biocontrol products in
agriculture, we tested their efficacy to protect grapevine against Plasmopara viticola and Erysiphe
necator. The results, obtained in greenhouse condition, showed that the sporulation of these two
pathogens was highly reduced after treatment with alginates of different degrees of polymerization.
Further experiments were carried out in order to investigate the mode of action of these oligomers.
We showed that alginates reduce the mobility of Plasmopara viticola zoospores and act as physical
barrier rather than as an elicitor of plant defenses. Field experiments will be conducted soon to
assess their efficacy in production conditions.
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The endorhizosphere Paenibacillus alvei strain called K-165 was isolated from tomato root tips. In
addition to the beneficial effect on eggplant growth, this strain was described as efficient biocontrol
agent against the soilborne pathogen Verticillium dahliae in both eggplants (glasshouse conditions)
and potato (field conditions). Moreover, strain K-165 was shown to induce systemic acquired
resistance against V. dahliae in the model plant Arabidopsis thaliana. 
In this study, we aim to determine the role of volatile organic compounds (VOCs) released by K-165
in the direct inhibition of the necrotrophic pathogen Botrytis cinerea as well as in the plant
protection against this fungus. We show that the volatiles released by K-165 were dependent on the
cultivation medium used. The VOCs released by K-165 inhibited clearly the mycelium growth of B.
cinerea when the bacteria grew on PDA medium, but so few when bacteria grew on LB agar medium.
However, the VOCs emitted by K-165 grown on PDA had no effect on B. cinerea spore germination.
Arabidopsis thaliana plants incubated in presence of VOCs released when K-165 was grown on LB
agar plates during 4 days were more resistant to B. cinerea than plants incubated in presence of
control plates. K-165 VOCs seemed to induce a defense reaction in A. thaliana plants. The analysis of
expression of defense genes in plants after VOCs treatment and infection will allow to determine
which pathways are likely involved in the defense stimulation. 
A list of VOCs released by K-165 when grown on PDA and LB agar were identified by GC-MS. Acetoin,
2,3- butanediol, 2-nonanone, phenylethyl alcohol, and 2-dodecanone were identified in the
headspace of K-165 grown on PDA in six independent experiments. In addition to the other five
VOCs emitted when K-165 grew on PDA, 2,5-dimethylpyrazine and trimethyl pyrazine were released
by K-165 grown on LB agar. These seven volatiles were tested at different concentrations (1 mg, 100
ug, 10 ug) for effects on the growth of B. cinerea mycelium. 2-dodecanone induced a clear inhibition
on B. cinerea mycelium growth when applied at the highest concentration. The next steps will be to
test whether the two volatiles released specifically when K-165 was grown on LB, as well as 2-
dodecanone can induce the resistance of exposed plants against B. cinerea.
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Biocontrol agents (BCAs) are amongst the most promising alternatives to chemicals for crop
diseases management. As such, Bacillus velezensis, an archetypical plant growth promoting
rhizobacteria (PGPR) among Bacillus species, is widely used to prevent phytopathogen
development. Its potential lies in its ability to secrete a panoply of Bioactive Secondary
Metabolites (BSMs). Indeed, this BSMs production is a key trait that allow them to persist,
strengthen the host plant but also be competitive against other microorganisms in the
rhizosphere. 
Interestingly, its BSMs production can be modulated upon interactions with the host plant and the
surrounding micro-organisms. However, little is known about crosstalk between these bacteria
and their neighboring (micro-)organisms but it is expected to be a key component of the
multitrophic interactions occurring in the rhizosphere. 
Among these latter, arbuscular mycorrhizal fungi (AMF) are particularly important. They form
symbiosis with vascular plant species that help the plant alleviate biotic and abiotic stresses.
Evidences have accumulated on the synergistic interactions between AMF, such as Rhizophagus
irregularis, and PGPRs for plant development. In this work, we have shown that both partners (R.
irregularis and B. velezensis) establish a stable compatible interaction. Indeed, B. velezensis grows
along living AMF hyphae and feeds on exudates leaking from it. However, the compatibility of the
interaction between B. velezensis and this AMF is not instinctive since B. velezensis is able to
produce several BSMs known to have broad antifungal activities. How AMF interact/cooperate with
B. velezensis and why the AMF is not a priori impacted, remain thus to be better understood. In
that context, our data illustrate a filtering effect of R. irregularis on the B. velezensis metabolome:
the production of antifungals is changed when Bacillus grows along AMF hyphae. We are further
investigating how AMF impact Bacillus metabolome through the production of exudates. The
comprehension of this interaction represent an important milestone for the development of
efficient consortia combining these plant beneficial microorganisms. Indeed, the molecular
aspects comprehension of this unexpected microbial interaction between R. irregularis and B.
velezensis can lead to enhanced biocontrol ability
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Due to their impact on health and environment, the reduction of pesticide impact is a priority for the
EU as stated by the directive 2009/128/CE, so finding natural products capable to reduce the amount
of agrochemical products consumption, is recommended. In this context, Plant Defense Stimulators
(PDS) can be used to prevent pathogen attacks. But large amounts are necessary considering
agricultural applications therefore the source of these PDS has to be abundant. Several extracts from
algae have been described as PDS, like laminarin, fucans, carrageenans, alginates. But, in order to
preserve the naturally occurring seaweed, industrial by-products from seaweed exploitation can be
considered since large amounts are available while poorly valorized. In this context, SETEXAM, a
Moroccan company specialized in agar production from red seaweed, is collaborating with the E2Lim
laboratory (Limoges, France) to characterize these byproducts and to assay them as PDS. The
industrial byproducts of agar from Gelidium sesquipedale were characterized for their elemental and
principal family molecules (proteins, sugars, etc.) content. Then, greenhouse tests were performed on
tomato plantlets. After treatment by foliar spraying of agar extraction by-product, the plants were
infected with Botrytis cinerea. Then, the response of several defense protein activities and defensive
molecules content were measured, notably implied in the reinforcement of plant cell wall or
regulation of oxidative stress. Afterwards, field trials were conducted on grapevine in the context of
mildew attack. The efficacy was estimated by measuring the macroscopic symptoms, such as number
of infected leaves and severity of the damage. Therefore, these results could show that the use of
agar extraction by-product as PDS could possibly give value to agar production by opening new
applications and become a new biocontrol product by reducing amounts of pesticides needed in
agricultural procedures
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Among the biocontol strategies, the use of elicitor can constitute an effective method to stimulate the
plant defense mechanisms in order to reduce the symptoms of a pathogen attack. These molecules
can be used in a preventive way as they mimic the signals produced during the pathogen attack.
Some of these molecules originate from the cell wall of the pathogen, notably the polysaccharides, as
they represent the main cell wall components. Some of them harbor original structures which can
induce responses in plant cells, notably the glucan. In this context, an alkaline extract has been
obtained from the edible mushroom Pleurotus ostreatus and called Pleuran Complex Cell Wall Extract
(CCWE). The main component is a glucan-peptide complex whose components fall in a quite broad
range of molecular weights, from 30 to 80 kDa. It is mainly composed of -glucans (17.3%) and
proteins or derivatives (23.4%).
Pleuran CCWE has been tested on cultivated plants in laboratory conditions and also during field trial
for its capacity to stimulate plant defenses in response to pathogen attacks. Following Pleuran CCWE
application by foliar spraying, enhanced levels of various biochemical markers associated with plant
responses have been observed, including enzymatic activities (e.g. peroxidase) or expression of some
pathogenesis-related genes. In addition, during field experiments, significant reductions in disease
symptom levels have been noticed in relation to different plant/pathogen systems (wheat/septoria,
vine/mildew). These results confirmed that Pleuran CCWE could be used as an elicitor of plant
defenses and could help in reducing pesticide applications against plant pathogens. 
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Wheat crops are susceptible to many cryptogamic diseases, such as powdery mildew caused by the
biotrophic fungus Blumeria graminis f.sp. triticii (Bgt). Controlling them requires several fungicide
applications, however, there is a need for reducing them for environmental and health concerns. One
strategy among others is the application of biocontrol agents. These beneficial microorganisms, such
as the Arbuscular Mycorrhizal Fungi (AMF) or some bacteria qualified as PGPR (Plant Growth-Promoting
Rhizobacteria), are able to enhance plant growth, through improvement of its nutrition and/or its
tolerance to pathogens. Previous studies showed that root inoculation with the AMF Funneliformis
mosseae (Fm) protected wheat against Bgt via the systemic activation of plant defense reactions,
qualified as MIR (Mycorrhiza Induced Resistance, Mustafa et al, 2016, 2017). 
However protection efficacy can be variable and may depend on many factors. Indeed, root
colonization by AMF can depend on rhizospheric bacterial populations, designated as MHB for
"Mycorrhiza Helper Bacteria" belonging to various genera: Pseudomonas, Burkholderia, Bacillus or
Sphingomonas. Indeed it was also showed that soil inoculation with the bacteria Sphingomonas
sediminicola (Ss), stimulated pea plant growth and defense, by the production of siderophores,
phytohormones or antimicrobial compounds identifying it as a potential PGPR (Mazoyon et al., 2018).
Therefore, this current work aims to study the influence of Ss alone or in combination with Fm on
wheat physiology and its protection against Bgt, as well as their respective colonization abilities. Our
results showed that the bacterial inoculation, alone or in combination with the AMF, did not affect
neither wheat growth, nor the protection conferred by Fm against Bgt (60% compared to control
plants), nor root colonization by Fm (50% root colonization) after 8 weeks of culture in controlled
conditions. Preliminary transcriptomic analyses on genes involved in defense (pathogenesis related
proteins, cell-wall reinforcement, phenylpropanoid bioynthesis), in sugar metabolism, or
phytohormonal regulation seem to confirm that Ss alone or in combination with Fm did not affect
wheat foliar and root metabolism. 
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With 7.3 billion to date, the world population is projected to reach 9 billion people by 2050 and the
demand for food is already increasing. Wheat, one of the most cultivated food crops in the world, is
destined to play an essential role in societies and their food supply problems. Wheat is subjected to several
fungal diseases, which are widely distributed wherever the crop is grown and alter wheat yield and quality.
Septoria tritici blotch (STB), caused by the hemibiotrophic fungus Zymoseptoria tritici, is among the most
prevalent and the most damaging foliar diseases on wheat, inducing important yield losses. Growers often
use chemical pesticides to counter, mitigate or control these diseases. However, these products also could
have negative impacts on human health and the environment, and a loss of efficacy of these products due
to the development of resistance in pathogen populations is also observed. It is therefore recommended to
develop innovative control strategies to protect plants against diseases. In recent years, promising
alternative strategies for improving plant health emerged thanks to the use of beneficial microorganisms
(called BCAs for biological control agents). In the present study, two bacterial strains, S1 and S6, isolated
from wheat ears, appeared to have interesting antifungal activity against Z. tritici. The inhibitory semi-
maximal dilution of the bacterial filtrates was estimated to be 1.4% and 7.4% for S1 and S6, respectively.
The 16s rRNA sequencing analysis identified these two strains as belonging to the specie Bacillus
velezensis. Given the interesting effects of the filtrates, an analysis to characterize the constituents of the
filtrates was performed using matrix-assisted laser desorption and time-of-flight ionization (MALDI-ToF).
Both strains synthesize cyclic lipopeptides from different families with differential lipopeptide production
patterns. S1 produces iturins, surfactins, as well as fengycins, while S6 synthetizes only iturins and
surfactins. Interestingly, iturins produced by S1 are putative bacillomycin D, while those from the S6 are
putative iturin A or mycosubtilin. The next step of this work is to test the activity of these filtrates in planta
in both greenhouse and field conditions.
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Bacterial plant diseases are difficult to control with the current arsenal based on prophylaxis,
combined with chemical treatments and the choice of resistant varieties when available. The use
of antibiotics is exceptional, the practice being forbidden in many countries. We tested a
sustainable alternative to pesticides consisting in spraying tomato leaves with elicitors which are
compounds that stimulate the plant innate immune system. COS-OGA is an elicitor from biological
origin that associates cationic chitosan oligomers (COS) and anionic pectin oligomers (OGA). This
unique concept combines self and non-self molecular patterns detected by plant immune
receptors. The application of this specific complex on Solanum lycopersicum triggered a strong
immune response that led to a clearly increased protection against Pseudomonas syringae pv.
tomato DC3000. 
Resistance against this pathogen, which is responsible for the bacterial speck disease, was mainly
achieved through an intensification of the plant salicylic acid (SA) pathway. Interestingly, the COS-
OGA-treated plants did not significantly accumulate this hormone beyond the level of the control
plants. Even more, during the course of the infection, treated plants showed lower SA levels than
untreated plants. This surprising phenomenon got even more complex as qPCR markers (PR-1 &
PR-2) for the SA pathway showed opposite behaviour: elicited plants had a higher level of
expression than untreated ones at each post-infection harvest. The mechanism behind this
puzzling observation remains elusive up to now. To better understand the protection conferred by
the COS-OGA treatments, an RNAseq has been carried out to dissect more precisely the main
pathways involved. 
The protective effect conferred by COS-OGA to tomato against P. syringae pv. tomato DC3000 was
clearly visible in controlled conditions. About field conditions, several trials have been carried out
in Spain and Italy with tremendous results. In general, the product efficacy was similar or even
better than copper treatments. This is interesting because COS-OGA might be a substitute to
copper, a heavy metal that is one of the very few treatments allowed to fight plant bacterial
diseases in the European Union. Moreover, bacterial tolerance to copper is getting problematic as
it is rapidly increasing over time in phytopathogenic bacterial populations. 
Taken together, laboratory and field tests showed that COS-OGA treatments conferred an efficient
protection to tomato plants against Pseudomonas syringae. 
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β-aminobutyric acid (BABA) is a potent environmentally friendly agent to induce disease resistance
by priming of defence in plants. However, molecular mechanisms underlying BABA-induced priming
defence are not fully understood. The gene of PRLIP1 (pathogenesis-related lipase like protein1) was
identified during a differential screening between Arabidopsis plants treated with BABA and
untreated control plants. PRLIP1 gene encodes for an esterase belonging to the α/β hydrolase
enzyme family. It is inducible during pathogenesis and by salicylic acid (SA) treatment, and its
expression precedes the SA-inducible PR1 expression during infection by a biotroph pathogenic
bacterium, Pseudomonas syringae pv tomato (Pst). Mutant analysis demonstrated that PRLIP1
expressed independently from jasmonic acid and regulated by the SA/NPR1 signalling pathway. To
investigate the function of PRLIP1 in plant defence and BABA-IR we have chosen two approaches. In
the first genetic approach we studied its biological function in planta using PRLIP1 overexpressing
(OELIP1) Arabidopsis plants. We found that the PRLIP1 overexpressing plants are impaired in SA-
depending defence responses. The expression of SA-dependent BABA-induced resistance against Pst
was unaffected in wild type plants (Col-0), but was blocked in OELIP1 plants. In contrast, OELIP1
plants displayed upregulated auxin responses during phenotypic characterization. OELIP1 plants
preceded the wild type in germination, they showed accelerated growth, exhibited an upregulated
cell cycle and delayed senescence. Since antagonism of auxin and SA signalling is well documented,
an increased auxin level of OELIP1 plants can explain the downregulation of its SA-dependent
responses. In planta the level of free indole acetic acid (IAA), the biologically active form of auxin is
regulated by two opposite process, its synthesis and conjugation to amino acids and/or sugars. We
hypothesize that PRLIP1 may be the as yet unknown esterase hydrolyses sugar from indole acetic acid
glucoside and makes it biologically active. To show this, in our second approach – by recombinant
protein expression in E. coli - we tried to determine the biochemical function of PRLIP1. The
recombinant GFP-PRLIP1 fusion protein displayed esterase activity in bacteria on artificial substrates.
The purified GFP-PRLIP1 fusion protein maintained the PRLIP1 esterase activity and worked in vitro
enzyme assay on an artificial substrate, p-nitrophenyl-butyrate. The purified GFP-PRLIP1 protein was
also able to cleave IAA-glucoside releasing free IAA from this ester.
Our result demonstrate that PRLIP1 have an important role regulating free IAA pool in Arabidopsis
and this way in the fine-tuning of plant growth and defence responses.
. 
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The potent inducer of resistance β-aminobutyric acid (BABA) was tested to control virus infection
in grapevine. BABA induces a special resistance in plants which is related to the phenomenon
called priming. BABA-induced resistance is able to provide protection against different kind of
pathogens (bacteria, fungi, oomycetes and nematodes). This broad resistance is based on the
increased capacity of the basic defence mechanisms. However, its efficacy against plant viruses
has been little revealed. Previous research of induced resistance focused on its direct effects and
expression of related genes. We decided to take advantage of this mechanism to eliminate viruses
from grapevine plants. The aim of our research was to determine the effective but non-toxic doses
and the appropriate application of BABA for influencing virus infection and maintenance. In vitro
grown grapevine (Vitis vinifera) shoots infected with different set of viruses were treated with
different concentration BABA. After the treatment new plantlets were grown in separate pots and
tested for virus infection. According to our results, BABA may help to control virus infection in
grapevine, although further refinements of the treatment are needed. Furthermore, we found that
decrease in virus titre depends on the simultaneous activation of SA and JA signalling pathways.
Therefore, more research is needed in other plant-virus interactions to clarify the role of hormone
signalling pathways during virus infection. In conclusion, β-aminobutyric acid can be an effective
tool for elimination of virus infection in grapevine.
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Cold stress is one of the major abiotic stresses that negatively affects crop production worldwide.
Microbial communities associated with plants growing in cold environments can promote plant
growth at low temperatures and improve plant tolerance to cold stress. Thus, the development of
microbial inoculants based on indigenous cold adapted endophytic bacteria could be a promising
approach to protect crop plants from cold stress. This work aims at investigating the effect of
bacterial endophytes from cold-adapted plants on the cold tolerance of tomato seedlings. A total of
686 endophytic bacteria were isolated from flowers, leaves and roots of three Rosaceae plants
growing in alpine region, using a targeted isolation method by incubation at low temperature (4°C)
for long time (up to 4 weeks) on a low nutrient medium (Reasoner’s 2A agar). Bacterial isolates were
identified by sequencing the 16S rRNA gene region and representative taxa were chosen for in vitro
tests. In particular, isolates were characterized for their plant growth-promoting traits, such as indole-
3-acetic acid production, siderophore and ACC-deaminase production. 
Bacterial isolates will be further tested in vivo for their ability to colonize tomato roots and to
promote plant growth at 15°C and 25°C, in order to select the best performing isolates for a
subsequent development of microbial inoculants
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The current and future climate changes are pushing the agricultural sector to change its cultivation methods
to face new and extreme conditions. The flax production sector must also deal with these challenges. Flax
(Linum usitatissimum L.) is a plant grown in temperate regions either for its fiber or for its seeds. Fiber flax
cultivation in Europe counts for 80% of worldwide production. However, its quality and yield are affected by
unfavorable environmental conditions. Cultivars with different growing periods are used to prevent these
problems: winter flax that can withstand freezing temperatures and spring flax. So far, it has been shown that
cold stress affects the physiological, biochemical, and developmental processes of plants. Hence, effects on
photosynthetic capacity and plant anatomy have been described. Though limited research has been
undertaken to understand these changes. In addition, differences in behavior between winter and spring flax
under cold stress have never been described in the literature. It is therefore essential to understand
mechanisms involved in this tolerance process. 
Plants acquire tolerance to negative temperatures through a process called cold acclimation. This is achieved
by exposing plants to low, but non-freezing temperatures, which induce metabolism reconfiguration.
Moreover, previous work in our laboratory, highlighted the presence of two methylated C-glycosylflavonoids.
Swertisin and swertiajaponin were the most abundant phenolic compounds in winter flax leaves, but they
were not detected in spring flax. To better understand the role of acclimation in the acquisition of flax cold
tolerance and to highlight the metabolites involved in this process, physiological and biochemical analyses
were carried out. Experiments have been performed on winter flax and spring flax, which were acclimated at
4 °C for different periods of time (at 0, 1, 2, 4, 7, 10 and 15 days) and then underwent cold stress at -6°C. The
physiological effects of this stress are determined through measurements of growth, transpiration rate, and
water content of the aerial part. 
Meanwhile, metabolite profiling on the polar and the apolar extracts of young and mature leaves was
conducted.  This allowed us to follow up on the evolution of primary metabolites such as amino acids, lipids,
and sugars but also this of specialized metabolites in particular the phenolic compounds. Our results could
help determine specific biomarkers for cold stress tolerant flax cultivars and thus facilitate their production.
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Manipulation of plant microbiome has great potential in reducing disease incidences, promoting plant
growth and fitness and increasing productivity even under stress conditions. 
MiDiVine project aimed at developing knowledge, tools and integrated approaches based on
grapevine genetic resources and agricultural practices promoting functional microbial community to
better improve grapevine production and resistance against the main diseases under drought stress
conditions, thereby reducing pesticide use in vineyards. 
The project focuses on the characterization of the rhizosphere and root functional microbial diversity
(FMD) from traditional cultivated cultivars with different practices and indigenous vines, and to
design and construct beneficial synthetic communities (SynCom) for improving grapevine health and
tolerance to stress in open vineyards. We analyze the impact of plant genotype, soil type and
agricultural practices including the use of covers and service plants, on microbial diversity and the
efficiency of beneficial SynComs against diseases under stress conditions. The proposal will therefore
provide innovative and sustainable solution to improve agroecosystem services by managing soil
microbiome and intercropping in Mediterranean countries in order to reduce dependency on agro-
chemical pesticides in vineyards. 
The project especially focuses on (i) the valorization of local grapevine genotypes and indigenous
varieties to characterize FMD to increase sustainability and resilience of farming systems; (ii)
understanding the genetic and physiological bases of grapevine adaptation to abiotic stress and
resistance to pathogenic oomycete and fungi and development of new protection strategies through
multi-factorial approaches, based mainly on the promotion of beneficial FMD; (iii) identifying
beneficial microbes and managing the use of identified SynCom in vineyard systems as an innovative
strategy for restoring soil functionality, avoiding water scarcity, ensuring sustainable grapevine
protection against diseases, and thus improving profitability and (iv) disseminating innovative
methodologies, practical experiences within Mediterranean partners, with local cultural practices in
which the actors will develop, test and validate the new tools and strategies integrating FMD and
SynCom for effective resilience to drought as well as integrated disease management in new farming
systems.
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Exploiting grapevine-associated microbiomes and their role in plant health represents a promising
environment friendly strategy for a sustainable viticulture. In recent years, we prospected many
members of grapevine-based bacterial microbiome for their capacity to protect plants against
pathogens. The work performed on selected bacteria demonstrated the credibility of such a
strategy to control downy mildew and grey mold diseases in greenhouse and in vineyard
conditions. We showed that the efficiency of such strategy relies mainly on the priming process of
plant immune system, resulting in induced systemic resistance (ISR). However, despite progress
toward understanding the microbe-primed plant immune responses, little headway has been made
in identifying the molecular traits responsible for the primed mechanism linked to ISR against the
biotrophic oomycete Plasmopara viticola and the necrotrophic fungus Botrytis cinerea. Thus, we
focused on the ability of different identified bacterial strains (Pseudomonas fluorescens, Bacillus
subtilis) to induce systemic resistance in grapevine against B. cinerea and P. viticola by using
grapevine cultivars differing in their susceptibility to downy mildew. The capacity of grapevine
plants to express immune response at systemic level was also deciphered within a comparative
context between susceptible and partially resistant cultivars, with respect to transcriptional
change, signaling pathways, phytohormone and phytoalexin accumulation, and the consequence on
the physiological state. This can lead to understand what makes bacteria efficient against
pathogens with different lifestyles. We also explored mechanisms underlying induced resistance
triggered by beneficial bacteria after pathogen challenge, and addressed the similarities and
differences between P. fluorescens- and B. subtilis-induced priming against both pathogens in an
attempt to identify markers of resistance against P. viticola and B. cinerea. 
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Several plant-based beneficial bacteria, including Bacillus spp. and Pseudomonas spp. are able to
confer plant health-promoting activities by modulating plant innate immunity. The synthesis of
camalexin is an integral part of Arabidopsis innate immunity. However, the contribution of camalexin
in induced systemic resistance (ISR) and the regulatory networks that control the induction of its
biosynthetic steps by beneficial microbes is poorly investigated. 
In our study we focused on the primed camalexin accumulation by two beneficial bacteria,
Pseudomonas fluorescens and Bacillus subtilis and its role in the ISR against Botrytis cinerea and
Pseudomonas syringae Pst DC3000. Our data provide evidence that colonization of A. thaliana roots
by beneficial bacteria triggers ISR against both pathogens and primes plants for enhanced
accumulation of camalexin and the expression of its biosynthetic genes in leaf tissues. Differential
responses were observed depending on beneficial bacterium and pathogen lifestyle. Analysis of
Arabidopsis mutants revealed that the loss of camalexin synthesis affected ISR mediated by both
bacteria against B. cinerea. Data revealed a significant contribution of CYP71A12 and PAD3 to the
pathogen-triggered accumulation of camalexin, while PAD3 does not seem to contribute to ISR
against Pst DC3000. This pointed out a significant contribution of camalexin in ISR against B. cinerea,
but not always against the Pst DC3000. It was suggested that the contribution of camalexin to ISR is
dependent on the beneficial bacterium and the pathogen's lifestyle.
Experiments with Arabidopsis mutants compromised in different hormonal signaling pathways
highlighted that B. subtilis stimulates similar signaling pathways upon infection with both pathogens,
since SA but no JA and ET are required for ISR-camalexin accumulation. However, P. fluorescens-
induced ISR differs depending on the pathogen. In this case, both SA and JA are required for
camalexin accumulation upon B. cinerea infection, while camalexin is not necessary for priming
against Pst DC3000.
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In recent years, temperature increases have intensified because of global warming and are
predicted to continue increasing in the future. These rising temperatures are one of the main
limiting factors of crop production as they severely impact various plant physiological, biochemical,
and molecular processes resulting in major yield losses. One of the approaches in biological control
to counteract these effects is the use of invasion patterns (IPs), molecules capable of triggering
plant defense mechanisms against stresses. Rhamnolipids, IPs produced by Pseudomonas and
Burkholderia bacteria, have been shown to induce defense mechanisms in various plants and
confer resistance against several pathogens including Botrytis cinerea, Pseudomonas syringae, and
Leptosphaeria maculans. These molecules have been receiving great attention due to their innate
low toxicity 
and high biodegradability in comparison to various known IPs. While their efficiency was proven
under normal conditions, their effect against abiotic stresses has yet to be elucidated. In this study,
we aimed to determine whether rhamnolipids can alleviate heat adverse effects on Arabidopsis
thaliana (Col-0). Using infra-red IRGA infra-red Gaz analyzer (LI-6400XT) and monitoring PAM
fluorometer (MONI-PAM) we evaluate heat impact on photosynthesis characteristics mainly gas
exchanges and photosystem II activity. In addition, we assessed if RLs can reduce heat impact on
the content of chlorophyll pigments, carbohydrates, and osmolytes such as proline
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Grapevine (Vitis vinifera) is facing environmental challenges, with a necessity to reduce the use of
agrochemical pesticides to fight against the most threatening pathogens. To achieve this,
manipulation of the rhizosphere and plant root microbiome has been emerged as a promising
alternative for improving the reliability of biocontrol strategies. Plant-associated microbiome can
display an extended functionality, as it will be able to control a wider range of plant diseases by
improving microbe-mediated pathogen suppression through direct antagonism, or by priming the
plant immune system. The presence of microbes combining both beneficial effects in the
rhizosphere
would be of great interest to fight against plants diseases. 
However, it is still unclear to what extent the root microbiome composition and functioning could be
affected by disease and contribute to the plant resistance outcomes across vineyards.
The year 2021 was a disaster for viticulture in Europe, especially in the Champagne region of France,
because of a huge pressure of downy mildew, caused by the oomycete Plasmopara viticola. In order
to establish a relationship between the composition of rhizosphere and root microbial communities
and the resistance level of grapevine to downy mildew, metagenomic analyses and culture-
dependent methods were carried out on the rhizosphere and root samples from tolerant and
susceptible cultivars before and after P. viticola infection in vineyards. We found that initial
variation in rhizosphere and root microbiome composition and functioning can determine the
outcomes of plant systemic resistance before and after infection under vineyard conditions. Based
on these results, the design and construction of beneficial microbial synthetic communities
(SynComs) was investigated to better understand the outcomes of grapevine–microbiome
interactions and resistance mechanisms against Plasmopara viticola
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Gray mold and downy mildew diseases caused respectively by Botrytis cinerea and Plasmopara
viticola are considered as the most devastating diseases of grapevine worldwide. Control of these
diseases using classical pesticides raises serious concerns about food safety, environmental
quality and pesticide resistance, which have dictated the need for alternative pest management
techniques to meet a sustainable agriculture. In order to develop new biotechnologies allowing
grapevine to better resist against pathogens, two bacterial strains, BE23, and BE27, were evaluated
for their antagonistic activity against B. cinerea and P. viticola, individually or in combination. Thus,
we were able to compare the biocontrol effect on biotrophic and necrotrophic pathogens. 
When applied separately, the strain BE23 or BE27 gave a good antifungal activity. However, when
both strains were applied together, the biocontrol activity were significantly higher, revealing a
synergistic effect on biocontrol activity. Similarly, in pot studies, the results showed that compared
to single strains, mixed strains significantly reduced the growth and infection of B. cinerea and P.
viticola with an elevated inhibition efficacy (76–85%). Further, the bacterial cell-free supernatant
of the BE23 and BE27 strains manifested a minimal antifungal activity on biocontrol tests in vitro,
indicating that some secreted antibiotics may play a role in defending the plant against pathogens.
In conclusion, the combination of two bacterial strains gives better results probably due to the
different mechanisms used.
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Grapevines have to face several diseases (powdery and downy mildew) and abiotic stress
(drought, frost, etc). 
Due to climatic changes, control of mildew epidemics and frost issues is becoming a major
challenge for winegrowers. Biocontrol products are an interesting disease control alternative to
pesticides to maintain grape quantity and quality. However, their protection efficiency is partial
and multifactorial dependent, and linked in part to the plant nutrition status. Biostimulants are
increasingly used for their ability to stimulate plant vigor, via improvement of nutrients uptake
and tolerance to abiotic stress. 
The collaborative project MISTIC, Mildew STImulation Control, whose partners are the Centre R&D
of Vegepolys Valley, the French Wine and Vine Institute (IFV) and French chambers of agriculture,
aims to assess the combination of biocontrol and biostimulant products, in controlled and in field
conditions to increase the protection level against downy mildew. 
The aim of this study was (i) to screen commercialized biostimulants for their ability to stimulate
grapevine growth in controlled conditions and (ii) to analyze their ability to improve nutrient
uptake and osmotic protection with molecular or metabolite markers. 
Hydroponic and soil substrate protocols have been developed on grapevine to select
biostimulant products with significant improvement of plant vigor based on phenotypical
measures (chlorophyll, roots architecture, biomass). Gene and metabolite markers have been
developed on grapevine according to the most relevant grapevine nutrients and stress tolerance
needs. Nitrogen, calcium, potassium and iron transporter genes have been selected for primers
design. Analysis of quantitative marker expression as well as primary and secondary metabolites
changes in plants treated with selected biotimulant will be performed and presented. Finally,
selected biostimulants will be tested alone and in combination with biocontrol product to
compare and determine a synergistic effect. Detailed results of this study will be presented. Over
time, this project aims to define biostimulant products which improve both the plant growth and
resistance to abiotic stress and the biocontrol product protection against downy mildew. Also,
suggestions for winegrower technical directions will be made.
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Trial of copper addressing from vineyard soil to plants, using a bio-based amphiphilic
molecule, following antifungal treatments 
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Copper has been one of the most widely used substances in the vineyards worldwide to combat
various fungal pathogens for more than a hundred years. Its success is due to its multisite
antifungal actions which give it good efficiency combined with low pathogen resistance.
However, copper-based treatments are exclusively contact treatments, and after rainfalls,
leaching causes copper accumulation in soils, with adverse effects on the biological and physical
properties of soils. As a consequence, the European regulations recently impose a reduction of
the quantity of copper applications per year (4 kg/ha/year). Despite the alternative strategies to
copper use take time, promising solutions are in progress to limit further accumulation in soils
and to optimize copper effectiveness from low concentrations. In this context, the aim of this
study is to test a bio-based amphiphilic metal chelating molecule, namely Zwit, to deliver copper
from the vineyard soil to the plant following a low-dose copper antifungal treatment. At first, we
verified the non-toxicity of this molecule at different concentrations on in vitro-plantlets. This
experimentation enabled to show that Zwit was absorbed by the roots and reached the plant
leaves since it was detected by LC-MS in these organs. The next step is to verify the ability of this
molecule to chelate copper in the soil after copper-based treatments, before translocating the
Zwit-copper complex inside the plant. Such an allocation would be particularly important for
controlling grapevine trunk diseases (GTDs) since the pathogens responsible are found inside the
trunk. This work is currently in progress by using vegetative cuttings sprayed on the leaves with
Zwit and : (i) Bordeaux mixture which contains a high level of copper, and (ii) LC2017 product
which contains a low copper content, once stem-infected or not with Neofusicoccum parvum, a
fungus involved in GTDs. Another condition by direct application of Zwit and CuSO4 to the soil is
proposed in parallel, to mimic the accumulation of copper in soil over the years. Each condition is
tested with and without Zwit in order to analyze the ability of this molecule to chelate and
translocate copper to the plant. 


