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Overview of the project results in the 2nd Reporting Period
The work carried out during the second Reporting Period contributed to:
Extend the knowledge on EU and non-EU bacterial strains (WP2): several draft genomes have
been produced, enlarging the public available database and allowing for important
phylogenetic analyses.
Set the first EU database on the records of the surveys for xylem-feeders in different EU
agro-ecosystems (WP5).
Gather important molecular information on the host adaptation and host response to
infections (WP2-WP6).
Produce the first dataset of information regarding the endosymbionts of the predominant
EU vector Philaenus spumarius (WP5).
Implement surveillance strategies by exploiting remote sensing approaches (i.e. extending
the technology to new crop species/area, and by using satellite data) (WP3).
Adapt conventional diagnostic protocols to test large lots of samples (WP4).
Gather important insights on the mechanisms of feeding and transmission in spittlebugs
(the predominant vector in Europe) (WP5).
Collect data on the efficacy of different tools for the control of the bacterium in the plant
and for reducing the vector populations (WP6 and WP7).
Integrate monitoring data from the outbreaks and biological data to feed risk assessment
models that were made available to EFSA and other interested parties (WP8).
Strengthen networking and cooperations among EU laboratories involved in Plant Health
and pathogen diagnosis (WP4 and WP9).
Engage fruitful discussion and exchange of views with stakeholders from different countries
and from different sectors (inspectors, risk managers, policy makers, farm advisories, olive oil
producers, growers, nurserymen) (WP8, WP9 and WP10).
Most of the results were presented during the 2nd European Conference on Xylella fastidiosa
https://www.xfactorsproject.eu/event/second-european-conference-on-xylella-fastidiosa/
more details in the book of abstract https://www.xfactorsproject.eu/project/ponte-xf-actors3rd-joint-annual-meeting-ajaccio-2019-book-of-abstracts/
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Insight into the biology and genetics of Xylella fastidiosa
The NGS project for sequencing over 250 isolates of X. fastidiosa was completed, although the
dataset is still being analyzed, some of the outcomes (see deliverables D2.1 and D2.2 for more
details) from this project include:
Identification of hitherto novel genotypes in EU (i.e. ST87 in Tuscany, Italy).
Data-based dating of major introductions, pathogen dispersal and introduction pathways
into Europe and elsewhere in the world (see for details project publications Vanhove et al.,
2019; Landa et al., 2020).
Evidence for lack of sequence type (ST) monophyly, raising concerns on the biological
significance of the MLST typing approach.
Identification within the same outbreak of isolates harboring or lacking the bacterial
plasmids, with more investigations started to understand the biological and epidemiological
significance.
Identification of genes under selection for each phylogenetic clade of X. fastidiosa.
Evidence that introduction events have a significant effect on genetic diversity of the
endemic populations (as shown in Costa Rica where the endemic populations of Xf subsp.
fastidiosa crossed with the introduced populations of subsp. pauca).
Insights on the determinants of host specificity and pathogenicity.
Testing hypothesis on the ancestral state reconstruction.
A better phylogenetic resolution of the X. fastidiosa species.
Some of these findings opened new questions and provide new inputs for implementing the ongoing
investigations.
To support pest risk assessment by providing data on the sensitivity of the different strains to
temperatures (WP2), experiments have been conducted both in vitro (P3, P5) and in vivo (P30 in
Belgium under open field conditions). The data retrieved from these experiments will be combined
with the climatic suitability maps developed within WP8 (see deliverable 8.2 for more details).
With regard to the biology, due to the relevance of the epidemic in southern Italy, olive was the main
attentioned crop species and the data collected in this reporting periods provided additional
evidence on (i) the susceptibility of this species to infections caused by genetically different strains of
the subspecies pauca (data from Brazil); (ii) the difficulties of performing pathogenicity tests to
disclose the degree of susceptibility, indicating that tests should be performed preferably using
mature plants, with major constraints for the need of large confined facilities
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Studies on the insect vectors of Xylella fastidiosa
Studies and faunistic surveys continued on the presence, host affiliation and life history of xylemfeeders in different countries, covering southern and central Europe (Italy, Spain, Greece, Germany,
Portugal), as well as olive groves in Brazil. The project members agreed on the structure of a
database to collect and store all the metadata; all project members involved have provided data on
the presence of potential vectors, to different crop species and at different latitude. The database is
now
available:
https://xfactors.eppo.int/data/7c1f45a8-db8e-46e3-bff8-e87a107f3464
and
https://zenodo.org/record/3775537#.XuiOsEUzbIU
Studies on the transmission mechanisms (WP5) using EPG-studies were accomplished on P.
spumarius/olive during the 1st RP, and were extended in the 2nd RP to Neophilaenus campestris,
Graphocephala fennahi and Cicadella viridis, as well as to other combinations P. spumarius/host
plants. Overall, the data gathered disclosed for the tested species and combinations waveform
patterns comparable to those initially characterized with P. spumarius on olives, and all species
showed xylem-feeding activity in all the plant species tested, suggesting that all species could act as
potential vectors for the tested host plants or other preferred hosts. These studies were
complemented with experiments on kinetics of Xf multiplication and persistence in the P. spumarius
and C. viridis, whose results showed that with P. spumarius a high transmission rate can occur
already after few days of inoculation, but it increases with prolonged time of inoculation. C. viridis
was shown, for the first time, to acquire and transmit the EU ST53-strain.
Investigations on the chemical and vibrational communication signals in P. spumarius were also
carried out.
The compounds found to provoke electrophysiological responses on P. spumarius antenna were
limonene, ο-xylene, and sabinene, while α-pinene and nonanal were active on N. campestris. Indeed,
the investigations focused on determining different VOCs between susceptible and resistant olive
cultivars, identified 18 volatile organic compounds and significant differences were noted in the
composition of the volatile blend of each cultivar.
On the basis of studies on the mating behaviour and vibrational signals emitted by P. spumarius
carried out during 1st RP, different series of experiments were conducted from May 2018 until
October 2019: (i) correlation between the development of ovaries and female receptiveness to
mating; (ii) potential rivalry role of male-male signal; (iii) repellence and attraction tests; (iv) mating
disruption trials; (v) role of male calling signal. The final objective is to exploit the vibrational signals
to interfere with the mating behaviour of P. spumarius and a future mating disruption technique
could support other pest management techniques in the period of the season when females are
receptive to mating.
Large diversity was detected in the endosymbionts detected in different populations of spittlebugs
characterized in the framework of the project. Overall, five Cardinium, Rickettsia, Arsenophonus and
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Wolbachia were detected. The extensive characterization made on the Italian populations of P.
spumarius revealed that Wolbachia did not occur in any of the 35 populations sampled in South Italy,
whereas it occurred in the majority of the populations sampled in North of Italy. This finding is of
interest for future vector control strategies, assuming that crossing individuals from infected and
non-infected populations may reduce the fitness and prolificacy of this species.
Toward the control strategies to reduce either the vector populations or the transmission rate,
efforts have been focused on:
Testing the use of traps as tools to support the applications of control means, i.e. to define
the best timing for insecticides applications and to evaluate the efficacy of the interventions.
As reported in WP7 yellow sticky traps combined with sweep net (applied soon after the
emergence of the adults) can support the estimation of the population density and
dynamics, and the best timing for the applications.
Given the current restrictions for the application of some of the insecticides with high
efficacy against P. spumarius, additional compounds were tested identifying some good
alternatives to neonicotinods (WP7).
Further data collected in the trials with kaolin, indicated that even it its application did not
prevent the occurrence of the infections, it helped to reduce the incidence of infected plants
and to delay the appearance of the symptoms.
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Search on plant resistance and disease control in the host plants
Great scientific advances have been made with the molecular investigations carried out on different
olive cultivars. The comparative analysis clearly showed that Xylella is perceived by the host and
perturbs its gene expression profiles. Such differences were also recovered when the leaf ionome of
cultivars with different susceptibility was studied. Thus, this information opened new investigations
aiming at characterizing the genes differentially expressed, although the availability of a wellannotated olive genome is a crucial limiting factor. Indeed, important genetic information are
expected to be retrieved from the ongoing experiment in which plants of the highly susceptible
cultivar Cellina di Nardò (which succumb to the infections of ST53-strain subsp. pauca) are infected
by a mild strain of subsp. multiplex, not able to elicit symptoms.
Studies to elucidate the basis of the resistance in olives were extended beyond the molecular
investigations to look for differences in the size of the vessels, structure of the xylem vessels and
presence of vascular occlusions. Microscopic observation of stem sections confirmed that occlusions
are in general higher in the infected than in the non-infected twigs, and for the infected twigs these
were higher in the susceptible cultivar than in the resistant one.
Greenhouse experiments for testing olive cultivar susceptibility, while confirmed the long incubation
period of the infections, allowed (even if after 2 years from the inoculation) to identify a small
number of cultivars with potential traits of resistance. Importantly, the field observations made in
Brazil on different olive cultivars infected by different strains, confirmed the resistance of the cultivar
Leccino (as found in the outbreak in southern Italy) and few more cultivars. All this information will
be further validated in the hope of future exploitation for the improvement of preventive and
containment measures. Concomitantly, in November 2018 a new experimental plot was realized in
the infected area, with the 51 olive selections planted within an ancient olive grove with trees
showing severe symptoms.
Assuming that the phenomena of resistance may also originate from the presence of a “protecting
microbiome” that antagonizes the growth of X. fastidiosa, several experiments have been developed
to characterize the resident microbiome from (i) tissues of the infected and non-infected plants
belonging to cultivars characterized by differential response to Xf (susceptible and resistant); (ii) from
clonal propagated plants grown under different management and climatic conditions to unravel the
biotic and abiotic factors shaping the olive microbiome. To evaluate the microbiota of these different
treatments amplicon sequencing (16S rRNA V4 region and ITS1-spanning amplicons) and whole
shotgun sequencing was used on xylem sap extracted from xylem vessels or on homogenized xylem
tissues. Attempts were also made to isolate the culturable fractions of the xylem-microbiota.
Bioinformatic analyses allowed to identify the most abundant bacterial and fungal genera/OTUs,
however, the relative importance varied depending of the matrix and primer pairs used, and age of
olive trees, and more efforts are needed to optimize analysis of xylem microbiome community
composition.
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Testing antimicrobial formulations/products included:
Testing the bactericidal effect of BP178 (tested during the 1st RP) in planta.
Evaluation of commercial fatty acids and chemical analogues of Xf DSFs.The synthesis of
chemical analogues of Xf DSFs has been exploited by an olefination reaction of the carbonyl
group in α position starting from commercial aldehydes and will be tested in vitro, by
evaluating the biofilm formation and the expression of genes (i.e. hxfA and hxfB).
Testing formulations based on ammonium chloride has confirmed the initial empirical
observations on its ameliorative effect.
Despite the efforts of different partners to isolate bacteriophages no promising results have
been yet gathered.
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Diagnostics and tools for early detection
In line with the activities started during the 1st RP activities included remote/proximal sensing
approaches, sampling and laboratories validations.
Taking advantage from the experienced gained in the Apulian outbreak, two field-airborne
campaigns were conducted in July 2018 and 2019 over two Xf-infection almond areas located
on Alicante and Mallorca using high-resolution VNIR-SWIR-based hyperspectral and thermal
imagery. Indeed, new approaches were investigated to monitor olive orchards in the Apulia
region (southern Italy) using vegetation indices extracted from Sentinel-2 and MODIS
satellite sensors and air temperature extracted from meteorological data from the ERA5
climate reanalysis data set. A 3D-RTM approach was developed to predict Xf infection
incidence in olive orchards, integrating airborne hyperspectral imagery and satellite spectral
data with radiative transfer modelling and field observation in studied olive orchards.
Testing large amount of tissues when sampling according to the ISPM31. Conventional
protocols were successfully adapted to process large amount of tissues/single extraction (up
to 40g/extraction).
Data were collected for sentinel plants (Polygala myrtifolia) and spy insects to support
monitoring approaches (deliverable 4.1).
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Modelling and pest risk assessment
To establish more effective mechanisms and tools for risk assessment and prevention, as well as
preferred strategies for eradication or containment, simulation models were developed that
represents an important task to which several EU research groups contributing to (WP8). Climatic
suitability maps were developed at regional level, based on geographic distribution data of X.
fastidiosa and biological data from WP2. For the Apulian outbreak, since more data became available
from the 1st RP, a model refinement with greater parameter certainty was attempted. This allowed to
calibrate the model by finding parameters that gave simulated surveillance data with similar
properties to the observed data. Using this approach, we have been able to quantify the mechanisms
of dispersal and the likely time of introduction, showing that the modelled Xf spread is driven by a
combination of local dispersal and rare long distance jumps. This spread model has been further
adapted to understand the potential spread in other scenarios and landscapes. However, important
differences in the pathosystems in those regions may lead to misleading predictions if proper
calibrations are not performed. Simulation models were also able to trace back the temporal and
geographical origin of X. fastidiosa introduction in Corsica.
The current legislation for Xf enforces the implementation of intensive surveillance in those regions
where the presence of the pathogen has been officially detected. The main aim of these surveillance
activities is to delimit the geographic extent of the pathogen to further implement control measures.
The design and validation of new strategies to improve the efficiency of inspection and sampling
efforts would optimize the use of resource.
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Stakeholders engagement
Collaborative efforts have been put in place to ensure that the research outcomes and knowledge of
the project XF-ACTORS could be properly delivered to relevant EU agencies and policy makers. In this
regards, several members of the consortium have been actively involved in the update of the
Scientific Opinion on the risks to plant health posed by X. fastidiosa in the EU territory. EPPO
organized a workshop to boost interactions between modelling experts in the project and risk
managers from NPPOs.
On the other hand efforts have been devoted to raise awareness in the communities directly affected
by the measures put in place for controlling the impact and reducing the further spread of the
infections. The participation of the researchers to a multitude of events (other than those restricted
to the scientific community) provide the opportunity to deliver science-based information. The
release of several interview for popular journal and TV programs, also helped to deliver proper
information. The organized webinar were also highly participated.
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XF-ACTORS Consortium
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