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Abstract: This is the first worldwide report of X. fastidiosa (Xf) subsp. pauca on Castanea sativa and
the first characterization of Xf infection on this species. Plants located in three sites (in a long-term
affected area in Apulia) were monitored for symptoms and bacterial concentrations in spring and
summer, while microscopic analyses were performed to evaluate the pathogen distribution in the
xylem vessels. All chestnut plants appeared asymptomatic but the Xf subsp. pauca strain “De Donno”
was present at low concentrations (1.14 x 10% and 1.56 x 103 cfu mL 1 in April and June) and with
a low incidence (respectively, 38% and 30%). The FISH-CLSM (Fluorescent In Situ Hybridization—
Confocal Laser Scanning Microscope) analysis showed evident Xf occlusions but in a low percentage
(9.2 £ 3.4%); these data can explain the lack of symptoms on the canopy. Furthermore, through
a bibliographic analysis it emerged that Philaenus spumarius and Neophilaenus campestris, two Xf
vectors present in Europe, are suckling feeding insects on chestnut trees and could be involved in the
bacterial transmission to this species. Asymptomatic Xf host species can play a considerable role in
new outbreak emergence or in the expansion of existing ones. So, it is essential to identify them to
plan more effective monitoring activities.

Keywords: Castanea sativa; olive quick decline syndrome; vascular pathogen; asymptomatic host; vector

1. Introduction

Xylella fastidiosa (Xf) is a quarantine pathogenic bacterium already found in different
subspecies in various countries of the Mediterranean basin. It causes diseases to develop in
plants such as olive trees, grapevines, almond trees, etc., and can compromise the entire
production of entire crops [1]. Its diffusion is mainly due to the nutritional habits of the
xylem vectors which transport the bacterium from one infected plant to a healthy one [2].
Trading and planting infected nursery material is also beneficial for the spread of the
bacterium [3]. The first detection of the bacterium in Europe dates back to 2013 [4], when it
was identified in the province of Lecce (Apulia, Italy) on olive trees strongly compromised
by a disease now called “Olive Quick Decline Syndrome” (OQDS), and the genetic variant
detected was X. fastidiosa subsp. pauca strain “De Donno” (ST53) [5]. After this first Italian
detection, new outbreaks have been detected in other European countries [6].

Xylella fastidiosa is a polyphagous bacterium and it has been detected in 679 host
species [7], but does not cause disease in most of these [8]. In 2013, it was already known that
Xf (regardless of subspecies) had 132 host species belonging to 46 different families [9]. In
2016, the number of host species discovered had already risen to 329, belonging to 75 different
families, and in 2018 it reached 563 species from 82 different botanical families [10]. It is
evident that, after the detection of the bacterium in new world areas (e.g., Europe), even
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very far from the areas (Americas) of origin of the bacterium, the number of host species
more than quintupled. This happened because the introduction of Xf in a new area usu-
ally generates the creation of new host-pathogen combinations [11] even without disease
development. This is because, in a new area where the bacterium has been introduced
and is spread by its vectors, it will inevitably be able to be injected into plant species that
have never hosted the bacterium before. Furthermore, given the extreme polyphagy of
Xf vectors and the ability of the bacterium to colonize hundreds of species, the number
of host species is destined to continuously increase. Extending sampling to plants (even
asymptomatic ones) on which the bacterium has never been reported, without limiting the
monitoring to those already known, would help to find new host species and plan more
effective monitoring. This is important because those species still unknown as hosts of Xf
represent an inoculum source of epidemic expansion [11].

The asymptomatic and pauci-symptomatic host species, i.e., those plants which, when
infected by a bacterium, develop belatedly mild symptoms or even show no symptoms at
all, certainly play a role in the spread of Xf. For example, in Apulia, 36 plant species [12]
were found to be infected and most of them are asymptomatic. The most important species
which develop a slight desiccation when infected by X. fastidiosa subsp. pauca strain “De
Donno” are Prunus dulcis and Prunus avium [13], while some olive cultivars [14] and various
other plant species are asymptomatic (MIPAAF, Decree 24 January 2022). Therefore, these
host species could act as intermediate plant hosts between other (highly) susceptible species,
increasing the likelihood of new epidemic development. Moreover, if a plant species is
not known to be a host, it may be not included in monitoring programs, reducing their
effectiveness and increasing the risk of introducing Xf into uninfected regions by up to
eight-fold [15].

Therefore, the identification of the Xf host species and the study of their distribution is
particularly important if these hosts are asymptomatic, so as to make visual investigations
ineffective.

Castanea sativa is a species distributed in Southern Europe (Spain, Italy, Balkan coun-
tries), in North Africa (especially Morocco), north-western Europe (Belgium, France) and
Asia (Turkey, Armenia, Georgia, Azerbaijan, Syria) and thrives on territories with altitudes
ranging from 200 to 1800 m above sea level, based on latitude, soil and climate character-
istics [16]. In Europe, the chestnut represents an important plant species and covers an
area of 2.5 million hectares, most of which are concentrated in Italy and France [16]. This
relevance is mainly due to its use as a fruit production plant and in wood production but
also for the numerous ecosystem services it performs [17]. In Italy, the chestnut is mainly
found in six regions, namely Campania, Lazio, Tuscany, Emilia-Romagna, Piedmont and
Veneto. Furthermore, in Italy this species is characterised by an enormous genetic variabil-
ity due to the traditional method of propagation by seed [18]. In the Apulian territory, the
chestnut tree has been introduced in some areas but is not widespread, probably due to the
pedoclimatic characteristics. For example, the Salento is characterised above all by soils
of calcareous origin [19] with basic or sub-basic pH [20], high summer temperatures and
low annual rainfall, while chestnut prefers sub-acid soils and suffers from summer water
stress [16].

In this work, a diagnostic investigation for Xf is carried out on several small groups of
chestnut trees in Salento, coupled with the observation of any visible symptoms. In addition,
the strain of the infected plants was characterised through MLST (Multi-Locus Sequence
Typing) analysis and phylogenetic analysis, and some samples of infected branch were
subjected to analysis with the FISH-CLSM (Fluorescence In Situ Hybridization coupled
with Confocal Laser Scanning Microscopy) technique in order to observe the distribution
of the bacterium in the xylem vessels.
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2. Materials and Methods
2.1. Plant Material, Symptom Observation and Diagnostic Analysis

The chestnut trees subjected to our monitoring are located in three municipalities
(Martano, Corigliano d” Otranto and Taviano) in the province of Lecce (Apulia, South
Italy), an area demarcated as Xf-infected since 2015 [21]. Taviano is 30.9 km from Martano
and 24.7 km from Corigliano as the crow flies, while between Martano and Corigliano
there is a distance of 6.4 km. In Taviano and Corigliano, the cultivar present was “Nserta”
(communication from orchard owners), while in Martano the cultivar was unknown. Then,
in accordance with the “Guidelines for the survey of Xf in the EU territory” [22] indicating
that, in open fields, plant surveys and sampling periods should be achieved during the
vegetative season (not during the dormancy stage), in spring (April 2023) and summer (June
2023), leaf scorching symptoms were evaluated and diagnostic analyses were conducted to
verify the presence of Xf. The presence of symptoms was evaluated using a pathometric
scale proposed by Luvisi et al. [23].

A total of 15 plants were randomly sampled between all three sites (Figure 1). In
the sites of Corigliano d’ Otranto and Taviano, the chestnut trees were close to olive
trees heavily compromised by the bacterium, while around the Martano site almond and
pistachio trees, as well as heavily compromised olive trees, were present. The pooled
sample used for DNA extraction consisted of eight 1-year-old twigs randomly taken from
each plant and representative of the analysed tree. The samples were processed for DNA
extraction using the CTAB (Cetyltrimethyl Ammonium Bromide) method [24].
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Figure 1. Chestnut trees sampled for the survey. All sampled sites were located in areas where X.
fastidiosa is considered endemic, and where infected olive, pistachio and almond trees were hosted.

The DNA was used as a template for Xf detection by TagMan real-time PCR protocol
with XF-F and XF-R primers, and with the XF-P probe proposed by Harper et al. [25]. The
reactions were performed in a Real-Time thermal cycler (QuantStudio 3 Real-Time PCR Sys-
tem, Applied Biosystem, Foster City, CA, USA) in a final volume of 20 uL containing 10 uL
of TagMan Fast Advanced Master Mix (Applied Biosystem, Foster City, CA, USA), 300 nM
of XF-F and XF-F primers, 100 nM of XE-P probe, ultrapure DNase/Rnase-free water (Carlo
Erba Reagents S.r.1., Milan, Italy) and 3 pL of DNA (20 ng uL.~!). The cycling conditions
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were as follows: initial UNG incubation at 50 °C for 2 min and polymerase activation at
95 °C for 20 s, followed by 40 cycles of 95 °C for 1 s and 60 °C for 20 s. Xf concentration,
expressed as bacterial cfu mL~!, was inferred from Cq values using a standard curve with
dilutions ranging from 10? to 107 cfu mL~!, as described by D’Attoma et al. [26]. Data re-
lated to the Xf detection in the analysed plants were used to evaluate the average incidence
of infection (number of Xf-positive trees/total trees per site) and to estimate the average
bacterial concentration in April and June (average value among the Xf concentrations
detected in the Xf-positive plants for each site).

2.2. MLST and Phylogenetic Analysis

The genomic DNA extracted from one Xf-positive chestnut belonging to the group of
plants located in Corigliano d’ Otranto were used as templates to amplify and sequence
the seven MLST loci (leuA, petC, malF, cysG, holC, nuoL and gItT) and the non-MLST pilll
gene following the procedure described by Yuan et al. [27]. Sequencing of the resulting PCR
amplicons (in both directions) was performed by the Eurofins Genomics GmbH (Eurofins
Genomics, Ebersberg, Germany). The MLST analysis was performed using Xylella fastidiosa
PubMLST (https:/ /pubmlst.org/organisms/xylella-fastidiosa, accessed on 29 May 2023). Se-
quence similarities were controlled with BLAST in NCBI (National Center for Biotechnology
Information website (https:/ /blast.ncbi.nlm.nih.gov/Blast.cgi) (accessed on 29 May 2023).
For phylogenetic analysis, the sequences of MLST loci obtained from our sample were aligned
to reference sequences, each locus separately, with CLUSTALW [28]. The reference sequences
were taken from Elbeaino et al. [29] and others uploaded to NCBI Genbank (Supplementary
File 51). The alignments were then trimmed to span the same region and concatenated with
MEGA 11 [30]. For phylogenetic analysis, trees supported by bootstrapping (1000 times) were
generated by the maximum likelihood method implemented in MEGA 11 [30]. Branches
with less than 50% bootstrap support were collapsed.

2.3. FISH-CLSM

To visualize the distribution of the bacterium Xf inside the xylem tissues, a FISH (Flu-
orescence In Situ Hybridization) together with a CLSM analysis (Confocal Laser Scanning
Microscope LSM 700, Carl Zeiss, Jena, Germany) was conducted. One-year-old twigs of
Xf-positive and Xf-negative plants (length 10 cm and diameter 0.5 cm) were first cut into
small pieces (~1.5 cm). After initial sterilization with 70% ethanol for one minute, they
were washed three times with sterile water, fixed in 4% paraformaldehyde in phosphate-
buffered saline (1x PBS) overnight at room temperature and finally washed in buffer PBS
for 10 min at room temperature. With the aid of the automatic tissue processor Leica TP
1020 (Leica Microsystems, Mannheim, Germany), the twig pieces were dehydrated through
two successive 1 h incubations in 70, 80, 95 and 100% ethanol, followed by two consecutive
1 h incubations in xylene, and finally embedded in paraffin. The twig pieces were cut into
25 um thick transverse sections with a HistoCore MULTICUT R semi-automatic rotary
microtome (Leica Microsystems, Mannheim, Germany). Sections were then transferred to a
1:1 (v/v) PBS: 96% ethanol solution and stored at —20 °C until staining via FISH technique.
To dissolve the paraffin, the sections were immersed in toluene for 3 min at 43 °C. FISH
staining was performed using the Cy3-labeled X. fastidiosa-specific KO 210 probe and the
protocol as proposed by Cardinale et al. [31]. The stained sections were mounted onto glass
slides by using the Citifluor AF1 antifade reagent (Linaris Biologische Produkte GmbH,
Dossenheim, Germany); the stained sections were stored for up to 4 days in the dark at 4 °C
until the confocal laser-scanning microscope (Carl Zeiss LSM 700 laser scanning microscope,
Jena, Germany) observations. Cy3 was excited with the 561 nm laser line; plant tissues
were additionally excited with the 405 laser line to induce autofluorescence of the twig
tissue. Emissions were detected in the range 570-613 nm for Cy3 and 420-480 nm for the
plant autofluorescence.
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2.4. Possible Vectors of X. fastidiosa for This Species

Xf is transmitted by insects that feed on xylem sap belonging to the order Hemiptera,
superfamilies Cicadoidea, Cercopidea and Membracoidea, and in this work a bibliographic
study on the potential vectors of Xf for this new host species was also performed. Firstly, a
bibliographic search of the scientific literature was conducted in order to verify whether
the association between C. sativa and known vectors of X. fastidiosa subsp. pauca strain
“De Donno” had already been observed. Second, we searched for references regarding
the association between other potential vectors belonging to the same superfamilies as the
known vectors and C. sativa.

3. Results
3.1. Symptom Observation and Diagnostic Analysis

From the phytosanitary investigation conducted on chestnut plants hosted in the
areas where Xylella is endemic, it emerged that no plant has ever developed leaf scorching
symptoms attributable to Xf infection (Figure 2). Diagnostic analyses conducted in April
and June showed that the average incidence of infection was 38% in April and 30% in June.
The bacterial concentration detected on one-year-old branches also remained relatively
low, with averages in April and June of 1.14 x 10* cfu mL~! and 1.56 x 103 cfu mL~!,
respectively (Table 1).

Figure 2. Chestnut plants subjected to monitoring and sampling located at the site of Martano. The
infected plants were asymptomatic, i.e., no leaf scorching symptoms attributable to X. fastidiosa were
observed; (A) the plant on the left was positive for X. fastidiosa as determined by real-time PCR
diagnostic analysis while the plant on the right was negative; (B) the leaves in the Xf-positive plant
were healthy, as well as those in the (C) Xf-negative plant.
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Table 1. Incidence and average bacterial concentration detected on one-year-old branches of plants
sampled in Martano, Corigliano d’Otranto and Taviano during the two sampling periods.

April June
Site of Sampled Infection 1 Infection _1
Analysis Trees Incidence cfumL Incidence cfumL
Martano 2 50% 3.01 x 103 50% 1.38 x 103
Corigliano o 4 o 3
4’Otranto 5 40% 3.08 x 10 40% 1.74 x 10
Taviano 8 25% 4.61 x 102 0 0
Average 15 38% 1.14 x 10* 30% 1.56 x 10°

3.2. MLST and Phylogenetic Analysis

Identity searches in the pubMLST database (http://pubmlst.org/xfastidiosa/, accessed
on 29 May 2023) indicated that the following alleles were present in our Xf found in
Chestnut: 7 (leuA), 6 (petC), 24 (cysG), 10 (holC), 14 (gltT) and 16 (nuoL). It was not
possible to assign the malF gene fragment since the sequence was incomplete, but through
searching with a combination of loci on the pubMLST database, the closest genotypeturned
out to be ST53. The sequence datasets obtained in this study are available in GenBank NCBI
(www.ncbi.nlm.nih.gov, accessed on 29 June 2023) with accession numbers OR209769 to
OR209776 and are collected in Supplementary File S2. MLST genes compared to BLAST
in NCBI showed 98% to 100% similarity to sequences from isolates of X. fastidiosa subsp.
pauca strain “De Donno” (cysG 99%, gltT 98%, holC 99%, leuA 100%, malF 100%, nuolL
98%, petC 99% and holC 99% with sequence accession number CP016610 relative to the
complete genome of the isolate “Salento-2"), isolated from Olea europaea. Even the non-
MLST pilU gene sequence was aligned with 99% nucleotide identity with the olive isolate
“Salento-2”. The phylogenetic tree produced with the multi-locus combined analysis (MLST
loci) confirmed the identity of the bacterium found on C. sativa. In fact, our bacteria
clustered with several isolates of X. fastidiosa subsp. pauca strain “De Donno” detected on
different species in Salento (Figure 3). The support bootstrap value in the intersection of
the branches related to the bacterial strains UNISAL.CS and Salento-2 is low, since there
is a very high value of similarity between sequences. In fact, if there is not a reasonable
number of differences between all of sequences (they are almost the same), there will not
be enough signal to establish phylogenetic relations and the two branches tend to collapse
(considered the same lineage). In the Xf phylogenetic tree of the MLST analysis reported in
Elbeaino et al. [29], branches with less than 75% bootstrap support were collapsed.

3.3. Xylella fastidiosa Distribution in C. sativa Xylem Vessels

The transverse sections of the 1-year-old infected branches showed clear Xf occlusions
(Figure 4), while such occlusions were not observed in sections of twigs from plants with
negative results in the diagnostic tests. On average, the infected plants had 9.2 + 3.4%
twig vessels colonised by Xf subsp. pauca, based on 20 representative confocal stacks
(2500 visually checked vessels in total) from three infected plants and three independent
FISH stains; no significant differences were found between the analysed trees (ANOVA,
p = 0.49). The frequent colonization of adjacent vessels (Figure 4) suggested the well-known
horizontal movement of the bacteria through pits connecting the vessels [31,32].
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M23 (Citrus)
GB514 (Grapevine) X. fastidiosa subsp. fastidiosa
Temecula1 (Grapevine)

0LS0002 (Oleander) } X. fastidiosa subsp. sandyi
5R1 (Peach)

ALS-2 (Aimond) X. fastidiosa subsp. multiplex
Dixon (Aimond)

9a5c (Citrus)
CVC0018 (Citrus)
SALENTO-2 (Olive)
Xf9 (Olive)

Xf6 (Olive)

A (Pistachio)

5044483 (Caffee)

PM-1 (Polygala) - X. fastidiosa subsp. pauca
PW1 (Perwinkle)
OL-G2 (Olive)
WEF-1 (Westringia)
ALM1 (Aimond)
Ch-1 (Cherry)
OLDR-1 (Oleander)

(— Tr1 (Olve)
L km13 (Olive)

—

Figure 3. Maximum likelihood (ML) method and general time reversible model were used for
phylogenetic tree drawing, with 1000 bootstraps. Bootstrap values lower than 50 are not reported.

Xf-negative

Xf-positive

Figure 4. Confocal microscopy images showing the colonization of C. sativa one-year-old twigs by
fluorescence in situ hybridization (FISH)-stained X. fastidiosa. Red: signal of the X. fastidiosa-specific
Cyb5-labeled KO 210 FISH probe; cyan: autofluorescence of the plant tissue. Yellow arrows indicate
the presence of Xf aggregates. These are representative images from several observations on twigs of
different trees.
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3.4. Possible Vectors of X. fastidiosa for This Species

Few studies have been published concerning the entomofauna of the Hemiptera (su-
perfamilies Cycadoidea, Cercopidea and Membracoidea) on C. sativa. From the studies
carried out, the vectors of the X. fastidiosa subsp. pauca strain “De Donno” detected on plants
of C. sativa include Philaenus spumarius [33] and Neophilaenus campestris [34]. These two in-
sects have been confirmed vectors for the epidemic that developed in Salento [35]. Philaenus
signatus has been detected on C. sativa plants in Greece [33] and has already been consid-
ered as a potential vector of the X. fastidiosa subsp. pauca strain “De Donno” [36]. Insects
belonging to the Cercopoidea and Membracoidea superfamilies but not yet recognised as Xf
vectors were also found on the chestnut tree, including Cercopis sanguinolenta (Cercopoidea,
Aphrophoridae); Aphrophora alni (Cercopoidea, Aphrophoridae); Alebra viridis and Alebra
wahlbergi (Membracoidea, Cicadellidae); Arboridia spathulata (Membracoidea, Cicadellidae);
and Empoasca vitis and Empoasca alsiosa (Membracoidea, Cicadellidae) [37-39].

4. Discussion

This work represents the first detection of X. fastidiosa subsp. pauca on chestnut trees
(Castanea sativa) in plants located in Salento (Apulia, Italy). Another report of infected
chestnut trees also occurred in Portugal, but the subspecies and related sequence type are
still unknown and no other data regarding the infection and possible disease have been
reported [7]. In the past, C. sativa does not seem to have been investigated as a host of Xf,
not even in studies conducted on both European and American forest flora. Therefore,
a characterization of Xf infection on this species has not yet been made, particularly
through an evaluation of the symptoms, a quantification of the bacterial concentration
and the frequency of the infection in the natural environment, and further microscopic
analyses aiming to understand the ways in which the pathogen establishes in the xylem of
this species.

With this work, through MLST and phylogenetic analysis we confirmed the first
detection of X. fastidiosa subsp. pauca on C. sativa plants and also confirmed that it was the
subsp. pauca ST53 genotype [7]. This result was expectable because the bacterium has been
present for several years, and only the ST53 genotype was detected in the area where the
chestnuts were sampled [21]. Furthermore, ST53 is the most reported genotype in natural
infections, with about 50 host species detected between Italy, France and Costa Rica [40].

In the Fagaceae family, to which C. sativa belongs, there are numerous species recog-
nised as Xf hosts, in particular in the genii Quercus and Fagus. The genus Quercus is
included in the subfamily Quercoideae (like the Castanea genus), and in America, several
species have been found naturally infected with Xf and symptomatic [41]. The symptomatic
species found, and which develop a disease called bacterial leaf scorch [41] include Q. alba
(subsp. unknown); Q. coccinea (subsp. multiplex); Q. falcata (subsp. multiplex); Q. imbricaria
(subsp. sconosiuta); Q. incana (subsp. unknown); Q. laevis (subsp. multiplex); Q. laurifolia
(subsp. unknown); Q. macrocarpa (subsp. multiplex); Q. nigra (subsp. multiplex); Q. palustris
(subsp. multiplex); Q. phellos (subsp. multiplex); Q. rubra (subsp. multiplex); Q. shumardii
(subsp. multiplex); Q. velutina (subsp. unknown); and Q. virginiana (subsp. unknown) [42].
As regards the genus Fagus (subfamily Fagoideae), in America the species Fagus crenata
was reported as a symptomatic host of Xf (subsp. unknown), capable of developing leaf
scorch [43].

A Q. ilex plant was found to be infected with X. fastidiosa subsp. pauca ST53 in Corsica
(France), but the data need to be reconfirmed because Q. ilex may not be a systemic host
of the bacterium [44,45], while there are no data related to the detection of X. fastidiosa
subsp. pauca ST53 (“De Donno” strain) in Q. ilex in Salento. The ST53 genotype present in
Apulia has a different behaviour compared to other genotypes of the subsp. pauca; in fact, it
does not infect citrus plants, as happens, for example, in Brazil with other genotypes (ST11,
ST12, ST13) that cause Citrus Variegated Chlorosis [46,47]. This genotype, being recently
described as apparently very polyphagous, could be detected in new host species different
from those already known for the subsp. pauca. In the case of the chestnut trees found
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infected in Salento, however, no symptoms of leaf scorching were ever observed, and the
bacterial concentration detected was low compared to that found in susceptible olive trees
and grapevine (6.77 x 10° and 6.0 x 10° cfu mL ™, respectively) [13,48]. Therefore, given
the low bacterial concentration detected and the absence of symptoms, C. sativa could be
considered a tolerant species. This feature would make this species potentially useful for
reforestation projects in environments where X. fastidiosa subsp. pauca ST53 is considered
endemic, but at the same time it could represent a very dangerous species in environments
where there is a risk of introduction of Xf, because it could represent a source of bacterial
inoculation and, therefore, favour the birth and expansion of an outbreak in a hidden way.
Furthermore, given the low concentration detected and the typical erratic distribution of
the pathogen [49], the incidence of false negatives could be high. Unfortunately, it is not
known whether different genotypes of Xf can cause disease in chestnut, and it is possible
that the potential resistance that plants are showing against the ST53 genotype is not being
shown for other genotypes, which could cause disease. In fact, the different response of
various plant species to the infection of different Xf genotypes is known [13,50,51]. Almond
trees, for example, when infected by Xf subsp. fastidiosa, develop more severe symptoms
compared with infection caused by subsp. multiplex. Furthermore, in almond trees, the Xf
subsp. fastidiosa is capable of causing the disease with a lower bacterial concentration than
that necessary for the subsp. multiplex [52].

In many species, indeed, Xf appears to behave like a commensal endophyte. In
this case, the bacterium is not pathogenic, and coexists with the host without causing
damage [53,54]. It is not yet clear why the bacterium becomes pathogenic in some of the
host species, but it has been hypothesised that the compatibility between the wall-degrading
enzymes produced by Xf and the carbohydrate composition of the pit membranes may be
decisive in the onset of the disease [55]. It has also been hypothesised that the composition
of the lipopolysaccharide O antigen could play a role in the recognition of the pathogen
by determining whether the type of association with the plant will be commensal or
parasitic [53]. In our case, we can hypothesize an example of commensalism between
the bacterium and the plant, but it would be premature because further investigations to
confirm this are necessary.

The first microscopy investigation conducted on twigs using the KO210 probe (specific
for Xylella fastidiosa) [31] allowed the detection of occlusions in adjacent vessels, typical of
the horizontal movement of Xf. However, the xylem vessels occluded by the bacterium
represented a low percentage. These data can explain the lack of symptom development on
the canopy; further investigations are necessary to understand the mechanisms involved in
the resistance of this species against the bacterium.

Regarding the bibliographic research on the entomofauna potentially involved in the
transmission of Xf to the chestnut tree, further studies are needed. However, it is known
that the vectors of Xf discovered in Salento can feed on numerous hosts. Philaenus spumarius
is known to be the main vector of Xf in Puglia and the most widespread potential vector
in Europe [56]. Furthermore, this insect is highly polyphagous: the young stages can feed
on many herbaceous species and the adults, with their movement, increase the number
of host species also reaching trees and shrubs [57]. Neophilaenus campestris is also a very
polyphagous species but much less abundant than P. spumarius [58]. Philaenus italosignus is
present but not widespread in Southern Italy [59] and has never been found on chestnut
plants. Overall, the polyphagy of the vectors confirms the fact that C. sativa, characterised
by generally softer leaves and branches than the olive tree, may also represent a Trojan
horse in the Xylella spread process.

5. Conclusions

This first worldwide detection of X. fastidiosa subsp. pauca in C. sativa must be a signal
both for the countries where the bacterium is present and for the countries which, having
predisposing conditions (favourable climate, host plants and vectors), are considered at
risk of pathogen introduction. It is unknown whether the chestnut remains asymptomatic
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when infected by all Xf subspecies and what the level of susceptibility among the different
chestnut cultivars is. Therefore, it is necessary to start monitoring activities on this species
especially in the areas where the bacterium has been detected. In fact, as reported in this
work, although this is the first known survey for Xf infection on chestnut plants, infected
plants were detected in all three sampled sites, despite the relatively large distance between
them. Furthermore, with the aim of characterising the infection by Xf in chestnuts in
more detail, it would be very useful to plan and implement experiments in a controlled
environment, artificially infecting different chestnut cultivars with the most widespread
genotypes in Europe, then evaluating the immediate and long-term effects of infection,
symptom severity, anatomical-morphological, metabolic and genetic plant responses. This
will allow an evaluation of which genotypes cause a disease in chestnut trees, and at what
bacterial concentration the plant activates the hypersensitivity that triggers the disease.
That is indeed important for all the main fruit tree species. It will be also necessary to
deepen the studies concerning the entomofauna and, in particular, the Xf vectors capable of
feeding on the chestnut tree. This work shows how knowledge of all host species, including
the pauci-symptomatic and asymptomatic ones, and of the vectors present in a given area,
is essential to make containment measures truly effective.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/horticulturae9121315/s1, File S1: Accession numbers of the Xylella
fastidiosa multilocus sequence typing (MLST) sequences used to build the phylogenetic tree; File S2:
Xylella fastidiosa multilocus sequence typing (MLST) and non-MLST sequences obtained in this study
from the sequencing of the amplified DNA regions: cysG, gltT, holC, leuA, malF, nuoL, petC and pilll.
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