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Xylella fastidiosa

About the pathogen

Xylella fastidiosa Wells etal. (1987) was first described over a century ago as a pathogen
causing leaf scorch symptoms on grapevine in Southern California, which became known as
Pierce’s Disease (Pierce, 1892). It is originally native to the Americas but since 2013 has been
associated with disease on a range of hosts in Mediterranean areas of France, Italy and Spain
and has been intercepted on host plants, including coffee and oleander, imported from Central
and South America. It is a Gram-negative bacterium with fastidious growth requirements,
making it slow to grow on available media and difficult to isolate from infected plant material.
The bacterium colonises two distinct habitats; the xylem of a wide range of host plants and
the foregut of xylem-sap feeding insects of the order Hemiptera and suborder
Auchenorrhyncha, which include leaf-hoppers (also known in the USA as sharpshooters) and
spittlebugs (Chatterjee et al., 2008).

Three sub-species of Xylella fastidiosa have been validly distinguished (Schaad et al., 2004
Schaad et al., 2009) and their distribution and host range have been recently reviewed by
Retchless et al., (2014) and Almeida and Nunney (2015):

e X, fastidiosa subsp. fastidiosa is mostly known as the cause of Pierce’s disease of
grapevine in the USA. Analysis of genetic diversity suggests that it evolved in Central
America where the highest diversity occurs. A genotype of X. fastidiosa subsp. fastidiosa
that causes disease on grapevine in the USA has subsequently spread to Taiwan (Su et
al., 2013). This sub-species was recently also found on the Spanish Balearic Islands on
various hosts including almond, grapevine and wild cherry (Olmo et al., 2017a and b). It
has also been found on oleander in a heated glasshouse on a nursery in Saxony, Germany
(EPPO, 2016a), where it was also found on neighbouring plants of rosemary,
Streptocarpus and wallflower

e X. fastidiosa subsp. multiplex is thought to have evolved in North America, where it causes
disease on a wide range of hosts, including peach, plum, almond, elm, oak, sycamore and
pigeon grape (Vitis aestivalis). A genotype of X. fastidiosa subsp. multiplex, causing plum
leaf scald in Argentina, Paraguay, and Brazil, appears to have spread from south-eastern
United States, where it was first discovered. X. fastidiosa subsp. multiplex was recently
found to be causing widespread damage to the ornamental plant Polygala myrtifolia
(myrtle-leaf milkwort) on the French island of Corsica and in the Provence-Alpes-Cote
d’Azur region of mainland France (Denancé et al., 2017). This plant is widely planted along

roadsides and in other public areas, providing a “green corridor” for spread of the
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bacterium. A range of other host plants have been found infected in the same areas,
including acacia, almond, cherry plum, hebe, lavender, myrtle, rockrose and rosemary.
This sub-species has also been found affecting almond trees in the Alicante province of
mainland Spain and olive on the Spanish Balearic Islands of Mallorca and Menorca (Olmo
et al., 2017a and b).

o X. fastidiosa subsp. pauca is thought to originate from South America, where strains cause
Citrus variegated chlorosis (CVC) disease and leaf scorch disease of coffee. The recent
outbreaks of rapid olive decline, infecting up to a million trees in the Apulia region of
southern Italy, is associated with the so-called CoDiRO strain of X. fastidiosa subsp. pauca
(Elbeaino et al. 2014). This sequence type has not yet been found in South America,
although it has been detected in Costa Rica, primarily infecting oleander (Nunney et al.
2014b; Giampetruzzi et al., 2017). X. fastidiosa subsp. pauca has also been isolated from
symptomatic olive trees on the Spanish Balearic island of Ibiza (Olmo et al., 2017b) and
from a small nhumber of Polygala myrtifolia plants on mainland France (Denancé et al.,
2017). Although effectively described as a sub-species, the name pauca has not yet been
accepted by the International Society of Plant Pathology Committee on the Taxonomy of
Plant Pathogenic Bacteria, whereas the other two sub-species are validly named (Bull et
al., 2012).

Xylella fastidiosa demarcated areas - September 2017
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Fig 1. Map showing locations where areas in Europe have been demarcated up to September

2017 following the detection of outbreaks of Xylella fastidiosa.
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In addition to the three valid sub-species, a further three proposed sub-species appear to be
host-specific and geographically isolated within the USA, although they have not yet been
validly described or named. ‘X. fastidiosa subsp. sandyi‘ was originally reported on oleander
in southern USA regions (Schuenzel et al., 2005). This subspecies has been isolated from
coffee plants imported into France and also appeared to be infecting a single plant of Polygala
myrtifolia sampled in Corsica, although the bacterium could not be isolated for confirmation
(Denanceé et al., 2017). ‘X. fastidiosa subsp. morus’ was recently found on native red mulberry
in the eastern United States (Nunney et al., 2014a) and has spread to introduced white
mulberry in California, where a similar genotype has been found on the ornamental Nandina
domestica (heavenly bamboo). Sub-species ‘sandyi’ and ‘morus’ are thought to result from
recombination between sub-species fastidiosa and multiplex. In recent comparisons at the
genome sequence level, Marcelletti and Scortichini (2016) have suggested that the proposed
sub-species ‘sandyi‘ and ‘morus’ could both be considered strains within X. fastidiosa subsp.
fastidiosa. The third proposed subsp., ‘X. fastidiosa subsp. tashke’, has only been reported on
ornamental chitalpa trees (Chitalpa tashkentensis) in southwestern USA (Randle et al., 2009).

Little is known about subsp. ‘tashke’ and reference strains are not yet available.

A newly described species, Xylella taiwanensis (Su et al., 2016), was recently confirmed as
the cause of leaf scorch on Asian pear in Taiwan. So far, this pathogen has not been found
elsewhere. All valid and proposed species of Xylella and sub-species of X. fastidiosa are
phylogenetically distinct. A recent phylogenetic analysis based on whole genome sequence
data confirms this and has allowed a series of real-time PCR (TagMan) assays to be designed,
which differentiate each sub-species (Hodgetts et al., 2017). A database of MLST barcodes
held at the University of California (https://pubmist.org/xfastidiosa) identifies the sequence

types (ST) within sub-species of 525 isolates (mostly from USA but also from Brazil, Costa
Rica, Italy and Mexico), some dating back to the 1970’s.

Biology

X. fastidiosa can inhabit the xylem of a very wide range of host plants, including economically
important food and ornamental crops, indigenous trees and wild plants. A recent review listed
some 309 plant species in 63 families as known hosts of X. fastidiosa (EFSA Panel on Plant
Health, 2015). However, it is important to note that most of these hosts have been assigned
on the basis that X. fastidiosa has been found to colonise their xylem, although the
pathogenicity of the bacteria to the host in question has seldom been confirmed because of
the difficulty of performing isolation and inoculation experiments and the fact that the many of
these hosts develop only very mild symptoms (slight stunting) or no symptoms at all (Purcell
and Saunders, 1999; Costa et al., 2004; Wistrom and Purcell, 2005). New hosts to the EU
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territories are constantly being discovered during surveys around disease outbreak areas and
those found have been listed by X. fastidiosa sub-species in a database maintained by the
European Commission (Table 1). Some reports from North America have suggested host
specificity within strains of X. fastidiosa sub-species (Schuenzel et al., 2005; Randle et al.,
2009; Nunney et al., 2014a). Genotypes of X. fastidiosa subsp. pauca from coffee were found
not to infect Citrus and vice versa (Almeida et al. 2008; Nunney et al. 2012). Similarly,
sequence types of X. fastidiosa subsp. multiplex isolated from oak generally differed to those
from sycamore (Nunney et al., 2013; Harris and Balci, 2015). Nevertheless, it is apparent
from Table 1, that different X. fastidiosa sub-species can infect the same host species and a
number of unrelated host plants can be colonised by any of the three recognised pathogen

sub-species.

Whether X. fastidiosa strains can colonise and subsequently cause disease in a particular
host plant depends on complex pathogen-vector-plant-environment interactions (Almeida and
Nunney, 2015). Apparent pathogen-host specificity in a particular area may therefore be
influenced by the geographic distribution of the pathogen subspecies and the susceptible host,
the presence of an efficient vector in that location and/or the prevalence of environmental
conditions that allow (a) the vector to acquire the pathogen from an infected host, (b) the
pathogen to multiply and survive in the vector, (c) successful transmission of the pathogen to
the xylem of the host plant and (d) survival, growth and movement of the bacterium in the
xylem to colonise the plant. Disease development is thought to be the result of obstructed
water movement in the xylem due to the combined effects of bacterial biofilm formation and

production of plant tyloses within the xylem in response to infection.

The molecular mechanisms controlling pathogen-host specificity and pathogenicity in X.
fastidiosa have yet to be fully elucidated. Genomic analysis (Retchless et al., 2014) is showing
that the bacteria do not possess a type 3 secretion system that governs host specificity in
many bacterial plant pathogens. Possession of a type | secretion system allows the bacterium
to defend itself from toxins commonly found in the plant xylem, whereas their type 2 secretion
system allows extracellular export of enzymes that probably assist movement of the bacteria

longitudinally and across xylem vessels by dissolving the pit membranes between them.

Potential for seed transmission has only been reported for sweet orange (Li et al., 2003),
although subsequent investigation over several years has shown that although the bacterium
can be detected on the seed of symptomatic fruit, no evidence for seed transmission was
found (Coletta-Filho, 2014; Hartung et al., 2014).
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Table 1: Host plants found to be colonised by Xylella fastidiosa in EU territories (as of 315t March

2018)".

X. fastidiosa
(irrespective of sub-

species)

X. fastidiosa
subsp. fastidiosa

X. fastidiosa subsp. multiplex

X. fastidiosa subsp. pauca

Calicotome spinose (L.)
Link

Coffea

Genista lucida Cambess.
Juglans regia L.
Lavandula dentata L.
Nerium oleander L.
Polygala myrtifolia L.
Prunus dulcis (Mill.) D.A.
Webb

Rhamnus alaternus L.

Rosmarinus officinalis L.

Cistus
monspeliensis L.
Erysimum
Prunus avium L.
Streptocarpus

Vitis vinifera L.

Acacia dealbata Link

Acacia saligna (Labill.) Wendl
Acer pseudoplatanus L.
Anthyllis hermanniae L.
Artemisia arborescens L.
Asparagus acutifolius L.
Calicotome villosa (Poiret) Link
Cercis siliquastrum L.

Cistus creticus L.

Cistus monspeliensis L.
Cistus salviifolius L.

Coronilla glauca L.

Coronilla valentina L.

Cytisus scoparius (L.) Link
Cytisus villosus Pourr.
Euryops chrysanthemoides (DC.)
B.Nord.

Ficus carica L.

Fraxinus angustifolia Vahl
Genista x spachiana (syn.
Cytisus racemosus Broom)
Genista corsica (Loisel.) DC.
Genista ephedroides DC.
Hebe

Helichrysum italicum (Roth) G.
Don

Lavandula angustifolia Mill.
Lavandula dentata L.
Lavandula stoechas L.
Lavandula x allardii (syn.
Lavandula x heterophylia)
Lavandula x intermedia
Medicago sativa L.
Metrosideros excelsa Sol. ex
Gaertn.

Myrtus communis L.

Olea europaea L.
Pelargonium graveolens L'Hér

Phagnalon saxatile (L.) Cass.

Acacia saligna (Labill.)
Wendl

Asparagus acutifolius L.
Catharanthus
Chenopodium album L.
Cistus creticus L.
Dodonaea viscosa Jacq.
Eremophila maculata F.
Muell.

Erigeron sumatrensis Retz.
Erigeron bonariensis L.
Euphorbia terracina L.
Grevillea juniperina L.
Heliotropium europaeum L.
Laurus nobilis L.
Lavandula angustifolia Mill.
Lavandula stoechas L.
Myrtus communis L.
Myoporum insulare R. Br.
Olea europaea L.
Pelargonium x fragrans
Phillyrea latifolia L.

Prunus avium (L.) L.
Rhamnus alaternus L.
Spartium junceum L.
Vinca

Westringia fruticosa (Willd.)
Druce

Westringia glabra L.
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Prunus cerasifera Ehrh.

Prunus domestica L.

Prunus dulcis

Prunus cerasus L.

Quercus suber L.

Rosa canina L.

Spartium junceum L.

Westringia fruticosa (Willd.) Druce

1 An EC database is updated with new host findings at:

https://ec.europa.eu/food/plant/plant _health biosecurity/legislation/emergency measures/xylella-

fastidiosa/susceptible _en

Representatives of the insect groups that transmit X. fastidiosa are distributed worldwide in
tropical and temperate climates. A single vector species can distribute different X. fastidiosa
genotypes (Almeida et al. 2005) and, conversely, different insect species can vector the same
X. fastidiosa genotypes (Almeida and Nunney, 2015). Retchless et al. (2014) have reviewed
the efficiency of pathogen transmission. Transmission efficiency may vary for different vector
species on the same host plant species, or the same vector species feeding on different
tissues of the same plant. Transmission of the bacterium to host plants is mostly by adult
vectors and therefore tends to occur during late spring to early autumn. Transmission is
persistent, re-occurring for the lifetime of the adult insect. There is no transovarial (parent to
offspring) survival of the bacteria and transmission does not occur from vector to vector. After
acquisition by feeding on infected plant parts, X. fastidiosa populations in the heads of adult
vectors have been estimated at 1000-5000 cells, some of which attach to and multiply in the
foregut, where populations can reach around 50,000 cells. Transmission efficiency is related
to the vector genotype and population, the climate and length of time available for the vector

to feed and the population and distribution of X. fastidiosa within different host plants.

Most studies have been conducted on the most efficient vectors of X. fastidiosa subsp.
fastidiosa in North America; the blue-green leafhopper sharpshooter (Graphocephala
atropunctata) and the glassy-winged leafhopper sharpshooter (Homalodisca vitripennis),
which are not present in the UK. In EU disease outbreaks, only the meadow spittle bug
(Philaenus spumarius) has so far been confirmed to be a vector of X. fastidiosa, although the
phloem-feeding Euscelis lineolatus and Neophilaenus campestris have also been found to
carry the bacterium (Elbeaino et al., 2014). P. spumarius is highly polyphagous on
herbaceous plants and adults are known to feed on woody shrubs and tree species, especially

in late summer when herbaceous hosts die back.

Malumphy and Reid (2017) listed 18 species of xylem-feeding Auchenorrhyncha bugs
assigned to four families (Aphrophoridae — 9 spp.; Cercopididae — 1 sp.; Cicadellidae — 7 spp.;
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and Cicadidae — 1 sp.) that are recorded as occurring in the UK. Of these, 13 species are

known to feed on plants confirmed as hosts for Xylella fastidiosa and are therefore considered

as potential vectors (Table 2). Euscelis lineolatus is also widespread in the UK and considered

a potential vector, although it was not found to be carrying the bacterium during recent testing

in affected olive groves in Italy (Cornara et al., 2017).

Table 2: Potential vectors of Xylella fastidiosa present in the UK (Malumphy and Reid, 2017).

Potential vector

Preferred hosts

Aphrophora alni

Polyphagous on woody shrubs and trees in wet habitats. Preference for
alder (Alnus), willow (Salix), birch (Betula) and poplar (Populus). Also
recorded on Angelica sylvestris, Castanea sativa, Filipendula ulmaria,
Fraxinus excelsior, Lysimachia vulgaris, Lythrum salicaria, Myrica gale,
Myrica, Potentilla anserina, Potentilla palustris, Peucedanum palustre,

Sonchus , Thalictrum flavum and Viola.

Aphrophora major

Polyphagous on woody shrubs and trees in wet habitats, including birch
(Betula), willow (Salix) and bog myrtle (Myrica).

Aphrophora

pectoralis

Oligophagous on willow (Salix).

Aphrophora salicina

Oligophagous on willow (Salix), also recorded on poplar (Populus).

Cicadella viridis

Breeds on rushes (Juncus) but recorded on a wide range of plants including
Carex, Convolvulus arvensis, Galium palustr, Poaceae, Rosaceae, Scirpus,

Vitis vinifera.

Cicadetta montana

Birch (Betula), hazel (Corylus), hawthorn (Crataegus), beech (Fagus),

bracken fern (Pteridium), oak (Quercus), gorse (Ulex).

Euscelis lineolatus

Uncertain, but likely to be grasses (Lolium, Holcus, Festuca, Poa, Dactylis)

and Fabaceae (mainly Trifolium, also Lotus, Medicago and Vicia).

Evacanthus Polyphagous on herbaceous dicotyledons including Poaceae, Lamiaceae
acuminatus and various woody plants.

Evacanthus Polyphagous on herbaceous dicotyledons including Asteraceae, Poaceae,
interruptus Urtica and various woody plants.

Ledra aurita

Polyphagous on herbaceous dicotyledons including Asteraceae, Poaceae,

Urtica and various woody plants.

Neophilaenus

campestris

Grasses (Poaceae) and Hypericum perforatum. Adults sometimes found on

pine (Pinus) and other woody plants.

Neophilaenus

exclamationis

Grasses (Poaceae) but also recorded on willow (Salix).

Neophilaenus

lineatus

Polyphagous on grasses, sedges and rushes. Recorded on Agrostis
stolonifera, Agrostis tenuis, Angelica sylvestris, Calamagrostis,
Calamagrostis stricta, Carex nigra, Chrysanthemum vulgare, Cyperaceae,

Dactylis glomerata, Deschampsia, Eleocharis palustris, Eleocharis
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uniglumis, Festuca ovina, Festuca pratensis, Festuca rubra, Holcus lanatus,
Juncus effusus, Juncus gerardii, Juncus squarrosus, Juncaceae, Lolium
perenne, Lythrum salicaria, Molinia caerulea, Nardus stricta, Poaceae,

Schoenoplectus tabernaemontani and Trichophorum.

Philaenus spumarius | Highly polyphagous on herbaceaous dicotyledons (>100 species) and

woody shrubs. Adults have occasionally been recorded feeding on Prunus

and Quercus, and there is a high probability that it could feed on Vitis.

Losses

The risks to plant health posed by Xylella fastidiosa in the EU territory were recently reviewed
by the Panel on Plant Health of the European Food Safety Authority (EFSA, 2015). They
concluded that the consequences of establishment and spread of X. fastidiosa would be major,
with high yield loss and damage expected to major crops, ornamentals and forest trees and
requirements for costly control measures. Economic impacts are expected to affect agriculture
and the whole downstream economic chain (agro-industry, trade and agro-tourism) with high
impact on the cultural, historical and recreational value of the landscape. Insecticide
treatments may also have a direct impact on whole food webs and indirect impacts at various
trophic levels (e.g. pollination and natural biocontrol) and present potential risks for human

and animal health resulting from large-scale insecticide treatments.

Losses are expected to vary with the type of host plant affected, the geo-climatic conditions
and the efficiency and intensity of local vector populations and options for their management.
In south-eastern USA (e.g. Florida and Georgia), grapevine production is now considered
economically unfeasible where X. fastidiosa is endemic and experimental vineyards are
destroyed within years of planting (Anas et al., 2008). In California, X. fastidiosa has recently
been estimated to cause losses of $56.1 million per annum to grape growers due to lost
production and vine replacement, whereas a further $48.3 million per year is needed to fund
Pierce's disease control activities undertaken by government agencies, the nursery and citrus
industries and the University of California. Losses are lower in Central California, where vector
populations occur in low densities, compared with Southern California where the invasive H.
vitripennis is an efficient vector and requires constant chemical control. Losses in forest trees
and ornamentals are more difficult to estimate. The estimated economic impact of oleander
leaf scorch in California in the 1990s was US$125 million, with additional cost needed for plant
replacement (Henry et al., 1997). X. fastidiosa has also caused severe disease symptoms on
several forest tree species (including elm, oak and sycamore), but the detailed impact mostly
remains unknown. Oak leaf scorch disease was reported in the USA from southern New York
to Georgia, with incidences up to 50 % in landscape planting (Sinclair and Lyon, 2005). In

Brazil, some 40% of 200 million citrus plants in Sao Paulo State show disease symptoms due
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to X. fastidiosa subsp. pauca (Almeida et al., 2014), putting small growers out of business and
imposing costs for replacing diseased trees, insect monitoring and control. X. fastidiosa
subsp. multiplex has also caused extensive loss of plum trees in Argentina, Paraguay and
Brazil (Almeida and Nunney, 2015). In California, the yield of chronically infected almond
trees was reduced by 20 to 40% (Sisterson et al., 2017).

In Europe, the biggest impact to date has been on olive cultivation in the Apulia region of Italy
where populations of the vector Philaenus spumarius are locally very high, and there is a high
risk of continuous epidemic spread of the disease with dramatic damage to olive orchards.
Prunus avium (wild cherry) and various landscape ornamental species have also been found
to be infected, including Nerium, Acacia, Polygala, Spartium and Westringia (Saponari et al.,
2014). In contrast, Citrus and Vitis spp. have not been affected by the local strain of X.
fastidiosa subsp. pauca (ST53). In addition to the local economic and social impact caused
by the dramatic loss of olive trees, there is also a significant negative impact on the landscape.
The main affected host in Corsica and mainland France is the ornamental landscape shrub,
Polygala myrtifolia, but many other ornamentals and forest trees have also been found to be
infected with X. fastidiosa subsp. multiplex (Table 1), including species of Cistus, Hebe,
lavender, Prunus, ash, oak and sycamore. On the Balearic Islands, three X. fastidiosa
subspecies have been reported; X. fastidiosa subsp. fastidiosa, X. fastidiosa subsp. multiplex
and X. fastidiosa subsp. pauca. All four of these strains have been isolated from Polygala
myrtifolia, confirming this ornamental as a high-risk host. Findings of X. fastidiosa subsp.
fastidiosa in private vineyards on Mallorca represent the first reports on grapevine for the EU.
On mainland Spain, only X. fastidiosa subsp. multiplex has so far been found on almond
plantations in the Alicante region. The observed variation in X. fastidiosa subspecies indicates
that there have been multiple introductions of X. fastidiosa into Europe. Furthermore, DNA
barcoding using MLST analysis has shown further variation in sequence types within
subspecies multiplex and pauca, both within and between affected countries (Elbeaino et al.
2014; EPPO, 2016a; Denancé et al., 2017; Olmo et al., 2017a and b).

Currently used control measures

Statutory measures (as of 31 March 2018)

As a designated quarantine organism, the first line of defence against X. fastidiosa is to
prevent entry of the bacterium into the UK and its movement from those areas of the EU or
third countries where it has been found. X. fastidiosa is listed as EU IAll organism (Council
Directive 2017/1279) and as an EPPO A2 organism, whereby it is recommended for regulation

throughout EPPO member countries as an organism which is present but not widely
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distributed within the EPPO region. All non-European Cicadellidae (leafhoppers) that are
known to be vectors of X. fastidiosa are regulated in Annex IAl of Council Directive
2000/29/EC. A series of additional EU emergency measures and amendments (2014/87/EU,
2015/789/EU, 2015/2417/EU, 2016/764/EU and 2017/2352/EU) ensures regulation or
prohibition of import and movement of host plants from third countries and affected areas in
the EU. Furthermore, specified host plants can only be moved within the EU if they are
accompanied by a plant passport and subject to additional conditions that ensure they do not
originate from areas affected by X. fastidiosa (2017/2352/EU) and are not at risk of exposure
to infectious vectors. Additional measures are applied to the movement within the EU of a
number of host plants, which are considered to present a higher risk of potentially carrying X.
fastidiosa as a result of regular findings in affected EU areas or interceptions of infected plants
imported from outside of the EU. These are currently Coffea (coffee), Lavandula dentata L.
(French lavender), Nerium oleander L. (oleander), Olea europaea L. (olive), Polygala myrtifolia
L. (myrtle-leaf milkwort) and Prunus dulcis (Mill.) D.A. Webb (almond). From 1%t March 2018,
these plants can only be moved within the EU if:

e They have been grown on a site subject to annual official inspection and sampling

according to technical guidelines specified by the European Commission.

e They have undergone testing, in line with international sampling standards, which would

detect X. fastidiosa in a population with at least 5% of infected plants with 99% confidence.

Contingency plans are being produced by all EU Member States to help ensure that any future
X. fastidiosa outbreaks are detected early, are effectively contained and that measures can
be taken towards their eradication. Defra’s contingency plan was sent for stakeholder
consultation in February 2018 and is expected to be published in May. Part of this contingency
will involve an annual survey to be performed by plant health inspectors (on traded plants) and
forestry inspectors (for trees in the wider environment). Surveys will involve visual inspections
of imports of host plants from third countries and plants moved within the EU. Higher
inspection rates will be used for material coming from countries where X. fastidiosa is known
to occur. Any plants found with symptoms resembling those caused by X. fastidiosa will be
sampled and laboratory tested using validated diagnostic methods described by EPPO
(2016b) and approved by the European Commission (2017). Since X. fastidiosa infections can
remain symptomless on many hosts, random samples will also be laboratory tested for
presence of the bacterium. Plants will also be inspected for the presence of any xylem-feeding
insects and, where found, samples will be taken for laboratory analysis. Annual surveys will
also be conducted in the wider environment, including forest and woodland as well as parks

and urban plantings.
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In case of a confirmed interception of Xylella fastidiosa in a consignment of plants moving in
trade, official measures will ensure that there are no vectors present that would represent a
risk of spread of the pathogen and that the infected consignment is destroyed in such a way
as to avoid further spread. Other host plants in the vicinity of the consignment may also be
destroyed where any risk of spread from the infected consignment is perceived. Trace back
and forward of the infected host consignment will be necessary to locate other possible foci of
infection. In addition, targeted surveys will be conducted for 2 years, to include sampling of

potential vectors, to confirm that X. fastidiosa has not established in the wider environment.

In case of a confirmed outbreak of X. fastidiosa, there is a requirement to demarcate an
infected zone, likely to be a radius of 100 m from known infected plants, other host plants at
risk of infection and/or which share a common source with the infected plants. Infected and
potentially infected host plants within the infected zone (including established tree hosts) will
be destroyed as soon as possible, probably by incineration or burial on-site. It may also be
necessary to control any potential vectors by insecticide application and herbaceous weed
host plants by herbicide application. A buffer zone will also be demarcated, likely to be at least
a 5km radius of the infected zone. Further planting of host plants and movement of plants from
the demarcated zones will be restricted. An official survey will then be conducted within the
buffer zone in late spring to early autumn. Both host plants and potential vectors will be
surveyed, and laboratory tested. If further findings of X. fastidiosa are detected during the
survey, then the infected and buffer zones will be extended accordingly, and the buffer zones
would remain in place for at least a further 5 years. Annual surveys would continue to assess
the effect of eradication measures. If X. fastidiosa is not detected in the buffer zone or in the
infected zone after host plant removal, then the buffer zone would be reduced to 1 km radius
of the infected zone. Annual surveys would then continue within the reduced zone for a further

2 years to confirm successful eradication.
HTA Plant Health Assurance Scheme (PHAS)

In response to the critical threat posed by Xylella fastidiosa and other plant health risks, HTA
and partners are developing a Plant Health Assurance Scheme (see

https://hta.org.uk/assurance-compliance/plant-health-assurance-scheme.html). It is being

designed to mitigate, protect, and potentially compensate horticulture businesses from the
risks posed by a serious plant health incident. The PHAS is designed as a standard (audited
by inspection) that can be applied to a business' operating processes and procedures. The
standard is being piloted in several businesses and an evaluation is underway. The current
draft standard consists of non-prescriptive statements of best practice concerning

Management, Plant Health Controls, Recognition and Training, and Site housekeeping. The
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intention is that these will be audited with any recommendations made for improvement. The
aim is to create a badged scheme which all plant buyers can specify, giving them confidence
that the nurseries practice quality biosecurity management. Growers will be surveyed to
gather evidence for the key decisions around membership costs, audit costs, training needs,
and the likely take-up at the start. Additional discussion is expected on ways to incentivise
nurseries to join the scheme, the development of biosecurity and risk management training

opportunities for nursery staff and agreement on how the scheme is governed and run.
Efficacy of insecticide treatments against potential vectors

Insecticide applications are not effective against primary infections, where infected vectors
come from outside the treated crop, e.qg. in northern California vineyards (Purcell, 1979), since
even short feeding periods can transmit the bacterium (Almeida et al., 2005). However, if
insecticides are applied to the crop and on vegetation adjacent to vineyards so that the vectors
are killed before they visit many different plants, secondary spread can be reduced if the
treated zone is large enough (Purcell, 1979). Leafhoppers and spittlebugs are susceptible to
a number of insecticides (Prabhaker et al., 2006a, b) and particularly to neonicotinoids, that
are translocated via the xylem and target xylem sap feeders, thus reducing the spread of X.
fastidiosa from plant to plant in the plot (Krewer et al., 1998; Bethke et al., 2001). Leafhoppers
and spittlebugs are unlikely to develop resistance to insecticides quickly because they have

only one or two generations per year and are not very prolific.

Potential for chemical control of Xylella vectors in the UK was recently reviewed for Defra by
Malumphy and Reid (2017). Vectors of X. fastidiosa may be controlled using insecticides but,
because very low numbers of vectors can still spread the disease, it is unclear how effective
insecticides would be in controlling disease spread. The main pesticide used to control Xylella
vectors in both commercial agriculture and urban landscapes in North America is imidacloprid.
This is a systemic neonicotinoid insecticide which acts as an insect neurotoxin, with low toxicity
to mammals. It is effective on contact and via stomach action. Imidacloprid is sold in two
formulations: one for soil application and one for foliar application. The soil-application
formulation provides the most effective, long-lasting control and is less disruptive to the
biological control provided by native parasitic wasps. However, approvals for soil applied
imidacloprid are greatly restricted in the UK. Acetamiprid (Gazelle, a systemic insecticide) may
be a suitable alternative as a foliar application (currently approved for ornamentals). Contact
(and ingestion) insecticides such as deltamethrin, lambda-cyhalothrin, cypermethrin or
pyrethrum, can be used but they are effective for a much shorter period and may disrupt
control by natural enemies. Under outbreak conditions in Italy, neonicotinoids and pyrethroids

showed the highest efficacy for control of both juvenile and adult populations of Philaenus
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spumarius (Dongiovanni et al., 2017). Chemical applications are best targeted at focal points
of hopper infestation and widespread applications should be avoided to preserve the natural
enemies that keep the hoppers under an ecological balance. In some situations (such as
areas open to the public), other treatments may be more appropriate. The least toxic are
insecticidal soaps and oils, which are only effective in killing the soft-bodied nymphs of the
hoppers and must directly contact the insect to Kill it, so thorough coverage of the plant or tree
foliage is essential. Applications of these materials need to be repeated at about 7- to 10-day
intervals.

Best practice for Xylella avoidance

A number of factsheets and other relevant information on Xylella fastidiosa from Defra and the

Forestry Commission is available at: https://planthealthportal.defra.gov.uk/pests-and-

diseases/high-profile-pests-and-diseases/xylella/

The following best practice guidelines for importers and users of trees, shrubs and herbaceous
plants are provided by Defra in the most recent version of the UK Plant Health Guidance at:

https://www.gov.uk/government/uploads/system/uploads/attachment data/file/686156/xylella

-fastidiosa-impl-trade.pdf

e Ensure that plant passports arriving with host plants are correct and keep the plant
passport to aid trace back if necessary. This may also support assurance schemes
your business may be in.

o Source from known suppliers or visit suppliers to view their processes, procedures,
bio-security arrangements and the plants they grow. Follow the guidance on high risk
hosts https://planthealthportal.defra.gov.uk/assets/uploads/Xylella-host-info-

noteversion5.pdf

¢ Make sure that imported plants both originate from and are sourced from disease free
areas. For details on infected areas see:

http://ec.europa.eu/food/plant/plant health biosecurity/leqgislation/emergency measu

res/index e

e Isolate or quarantine new batches of plants and monitor them during the growing
season for signs of the disease — whilst not a legal requirement it is good practice to
place ‘imported’ hosts of Xylella in a quarantine area — ideally a good distance away
from other host plants and if possible place under physical protection. If any outbreak
is confirmed all ‘host’ material within 100 m will need to be destroyed

e For contractors/designers, ensure that plants you use have been ordered early and

monitored for disease in a low risk area, before being planted at their final destination.
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o Label and keep records of the identity of all received batches of plants including: where
the plants came from and when.

¢ Maintain records of pesticide treatments.

e Destroy old or unusable plants.

e Comply with the UK national requirements to notify the UK Plant Health Service about

certain species of plants under the ‘EU Plant and Tree notification scheme'.
Current research on control

There are no approved effective chemical methods to control Xylella fastidiosa. A recent study
by Scortichini et al., (2018) has shown that six spray treatments to olive tree crowns, from
early April to October, with 0.5% v/v Dentamet® (a compound containing zinc and copper
complexed with citric-acid hydracids), significantly reduced X. fastidiosa cell densities within
the leaves and reduced symptom severity in naturally infected olive groves over 3 years.
Integrated management that includes regular pruning and soil harrowing to remove vegetation
below the trees, together with spring and summer treatments with Dentamet® therefore show
promise for future disease control. Aggressive pruning of sweet orange trees over a large
area in Brazil, effectively reduced symptoms of citrus variegated chlorosis and eliminated
infection, but only when applied at the very beginning of symptom development and when
accompanied by frequent surveys and effective vector population control (Amaral et al., 1994).
However, pruning was not found to be effective in other crops, including grapevines. No other
control methods have been reported to eradicate X. fastidiosa from infected plants.
Bacteriophages, viruses that infect bacteria, have been identified for X. fastidiosa (Summer et
al., 2010; Ahern et al., 2014), although it is not yet known whether these can be applied to kill
Xylella which is already inside the plant. Recent reports suggest that N-acetylcysteine (NAC),
a mucolytic agent able to disrupt bacterial biofilm, has X. fastidiosa-killing activity, resulting in
a decrease in bacterial populations and significant symptom remission in citrus when applied
during irrigation (Muranaka et al., 2013). Remission of symptoms was observed upon
application, although X. fastidiosa populations remained viable in the plant and symptoms
reappeared several months after treatments stopped. This approach has also been tested
experimentally in infected olive groves in lItaly where treatments with NAC, through
endotherapy and/or complexed to organic substances added to the soil, resulted in noticeable

amelioration of the symptoms of olive slow decline.

Some research has investigated the use of weakly virulent or avirulent strains of X. fastidiosa
subsp. fastidiosa for biocontrol on grapevine (Hopkins, 2005) with some reduction of
symptoms of Pierce’s disease. However, there is concern that recombination in the field could

result in return to full virulence of these strains. Some plant endophytes may also help to
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control X. fastidiosa, but research in this area is largely experimental at this stage (Araujo et
al., 2002; Andreote et al., 2006; Azevedo et al., 2016; Nigro et al., 2017).

Most research on breeding for plant resistance/tolerance to X. fastidiosa subsp. fastidiosa has
been done with Vitis vinifera in California. Differences in tolerance between Vitis species
(Krivanek et al., 2005 and 2006; Rashed et al., 2013) have led to the identification of a key
guantitative trait locus (QTL PdR1). This has been introduced into commercial varieties,
although the stability of such single gene resistance is unknown and multiplication of the
bacteria in tolerant varieties has been observed (Baccari and Lindow, 2011). Similarly for
Citrus, all Citrus sinensis varieties are susceptible to X. fastidiosa subsp. pauca but some
appear to be tolerant to the disease (Fadel et al., 2014). Hybrids (C. sinensis x C. reticulata)
have been selected for tolerance to the disease and are currently under field evaluation in
Brazil (De Souza et al., 2014). All lemon, lime and pomelo varieties tested to date are resistant
(Coletta-Filho et al., 2007). Variability in susceptibility of almond cultivars to X. fastidiosa
subsp. multiplex has also been previously demonstrated (Cao et al., 2011; Sisterson et al.,
2008 and 2012). Evaluation of almond rootstocks under development as part of the USDA-
ARS almond rootstock improvement program determined that X. fastidiosa subsp. multiplex
reaches high population densities in some, but not all rootstock lineages (Sisterson et al.,
2017). X. fastidiosa-resistance traits in the rootstock are therefore thought to be valuable for
maintaining low incidence of disease in nurseries (Krugner et al., 2012). Similarly, it was
shown that rootstocks were able to influence both H. vitripennis feeding behaviour and
concentration of X. fastidiosa in peach scions (Gould et al., 1991). In Southern lItaly, olive
cultivars displaying differential tolerance to X. fastidiosa subsp. pauca have been observed in
the field. Further research aims to detect new sources of resistance amongst commercial
cultivars, genotypes from other Olea europaea subspecies and selections from breeding

programs (Le6n et al., 2017).
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