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Abstract: These days, most of our attention has been focused on the COVID-19 pandemic, and we
have often neglected what is happening in the environment. For instance, the bacterium Xylella
fastidiosa re-emerged as a plant pathogen of global importance in 2013 when it was first associated
with an olive tree disease epidemic in Italy, called Olive Quick Decline Syndrome (OQDS), specifically
caused by X. fastidiosa subspecies pauca ST53, which affects the Salento olive trees (Apulia, South-East
Italy). This bacterium, transmitted by the insect Philaenus spumarius, is negatively reshaping the
Salento landscape and has had a very high impact in the production of olives, leading to an increase
of olive oil prices, thus new studies to curb this bacterium are urgently needed. Thidiazuron (TDZ),
a diphenylurea (N-phenyl-1,2,3-thiadiazol-5-yl urea), has gained considerable attention in recent
decades due to its efficient role in plant cell and tissue culture, being the most suitable growth
regulator for rapid and effective plant production in vitro. Its biological activity against bacteria,
fungi and biofilms has also been described, and the use of this low-cost compound to fight OQDS
may be an intriguing idea.

Keywords: antimicrobials; diarylurea; bis-arylurea; cytokinin; Xylella fastidiosa; lavender; rosemary;
olives; almonds; Italy; Apulia

1. Introduction

Thidiazuron (N-phenyl-N′-1,2,3-thiadiazol-5-ylurea, TDZ) is among the most active
cytokinin-like substances used for woody plant tissue culture [1]. It belongs to the plant
growth regulators (PGRs) and was registered in 1976 by Schering AG (Berlin, Germany)
as a cotton defoliant, with the name SN 49537 [2]. In 1985, studies in cotton (Gossypium
hirsutum L. cv Stoneville 519) seedlings suggested that TDZ-induced leaf abscission may
be mediated, at least in part, by an increase in endogenous ethylene evolution [3]. The
chemical structure of TDZ is shown in Figure 1. Unlike the other adenine-type cytokinins
such as benzylaminopurine, kinetin, or zeatin, TDZ does not contain the purine ring. It
belongs to diarylureas or bis-arylureas, an interesting class of compounds with various
biological activities [4,5].
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Figure 1. Structure of TDZ and other cytokinins. 

In 1982, Mok et al., showed the high promoting growth activity of cytokinin-depend-
ent callus cultures of Phaseolus lunatus cv. Kingston exerted by TDZ [6]. TDZ demon-
strated cytokinin activity higher than that of zeatin. Then, Thomas and Katterman [7] 
demonstrated that TDZ was able to stimulate maximum soybean callus growth and radish 
cotyledon expansion, as well as tobacco plantlet regeneration. Numerous studies have 
shown that TDZ affects endogenous cytokinin and auxin production, and therefore mor-
phogenetic recognition of cells and tissues by down-regulating various genes related with 
auxin regulation and transport, as well as cytokinin response [8]. In comparison to other 
PGRs, TDZ has been defined as the most effective and efficient on enhancing the levels of 
important metabolites in many medicinal plants [9,10] and not only in organogenesis in 
different plants [11,12]. DZ was used for the cyclic shoot multiplication of tulip, as it ena-
bles the production of virus-free stock plants and speeds up breeding [13]; it was also 
applied to the in vitro propagation of saffron, where it induced somatic embryogenesis 
[14], and it promoted in vitro shoot regeneration from callus of barley (Hordeum vulgare 
L.) and wheat (Triticum aestivum L.) [15,16]. As a potent synthetic growth regulator, TDZ 
presents a wide array of in vitro and in vivo applications in plants, including prevention 
of leaf yellowing, enhanced photosynthetic activity, breaking of bud dormancy, fruit rip-
ening, as well as proliferation of adventitious shoots, callus production, and induction of 
somatic embryogenesis [17]. Moreover, among the various biologically activities exerted 
by diarylureas [18,19], TDZ specifically demonstrated antitumor and antimicrobial activ-
ities [20,21], and was also suggested as a potential agent for diagnosis of solid tumors, 
such as cervix cancer [22]. 

Xylella fastidiosa (Xf) is a non-spore-forming Gram-negative phytopathogenic bacte-
rium belonging to the Xanthomonadaceae family, colonizing the xylem vessels of almost 
600 plant species—275 genera and 85 families [23]. Though the world is concentrated on 
coronavirus disease 2019 (COVID-19) [24], the current impact of Xf in many parts of the 
world is now considerable [25] and causes the disease in a number of important crops and 
plants within natural ecosystems. The Xf symptoms are leaf scorching, wilting of the foli-
age, defoliation, chlorosis or bronzing along the leaf margin, and dwarfing [26]. Most of 
the infected species do not demonstrate remarkable alterations, but destructive diseases 
occur in important crops such as olives [27], grapevine [28], citrus [29], and stone fruits 
[30,31], as well as in numerous ornamental and forest species [32]. Most notable among 
these diseases are Pierce’s disease (PD) of grapevine, Citrus Variegated Chlorosis (CVC), 
Almond Leaf Scorch Disease (ALSD), Oleander Leaf Scorch (OLS) and Olive Quick De-
cline Syndrome (OQDS) [33]. Xf has been found in more than 500 plant species, especially 
the perennial ones [34,35]. A dramatic outbreak of Xf subsp. pauca (Xfp) strain ST53, 
namely CoDiRO (Complesso del Disseccamento Rapido dell’Olivo, meaning OQDS), dec-
imating olive trees was discovered in 2013 in Apulia, Southern Italy [36]. The meadow 
spittlebug Philaenus spumarius L. (1978) (Hemiptera: Auchenorrhyncha: Aphrophoridae) 
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In 1982, Mok et al., showed the high promoting growth activity of cytokinin-dependent
callus cultures of Phaseolus lunatus cv. Kingston exerted by TDZ [6]. TDZ demonstrated cy-
tokinin activity higher than that of zeatin. Then, Thomas and Katterman [7] demonstrated
that TDZ was able to stimulate maximum soybean callus growth and radish cotyledon
expansion, as well as tobacco plantlet regeneration. Numerous studies have shown that
TDZ affects endogenous cytokinin and auxin production, and therefore morphogenetic
recognition of cells and tissues by down-regulating various genes related with auxin regu-
lation and transport, as well as cytokinin response [8]. In comparison to other PGRs, TDZ
has been defined as the most effective and efficient on enhancing the levels of important
metabolites in many medicinal plants [9,10] and not only in organogenesis in different
plants [11,12]. DZ was used for the cyclic shoot multiplication of tulip, as it enables the
production of virus-free stock plants and speeds up breeding [13]; it was also applied
to the in vitro propagation of saffron, where it induced somatic embryogenesis [14], and
it promoted in vitro shoot regeneration from callus of barley (Hordeum vulgare L.) and
wheat (Triticum aestivum L.) [15,16]. As a potent synthetic growth regulator, TDZ presents
a wide array of in vitro and in vivo applications in plants, including prevention of leaf
yellowing, enhanced photosynthetic activity, breaking of bud dormancy, fruit ripening, as
well as proliferation of adventitious shoots, callus production, and induction of somatic
embryogenesis [17]. Moreover, among the various biologically activities exerted by diary-
lureas [18,19], TDZ specifically demonstrated antitumor and antimicrobial activities [20,21],
and was also suggested as a potential agent for diagnosis of solid tumors, such as cervix
cancer [22].

Xylella fastidiosa (Xf ) is a non-spore-forming Gram-negative phytopathogenic bac-
terium belonging to the Xanthomonadaceae family, colonizing the xylem vessels of almost
600 plant species—275 genera and 85 families [23]. Though the world is concentrated on
coronavirus disease 2019 (COVID-19) [24], the current impact of Xf in many parts of the
world is now considerable [25] and causes the disease in a number of important crops
and plants within natural ecosystems. The Xf symptoms are leaf scorching, wilting of
the foliage, defoliation, chlorosis or bronzing along the leaf margin, and dwarfing [26].
Most of the infected species do not demonstrate remarkable alterations, but destructive
diseases occur in important crops such as olives [27], grapevine [28], citrus [29], and stone
fruits [30,31], as well as in numerous ornamental and forest species [32]. Most notable
among these diseases are Pierce’s disease (PD) of grapevine, Citrus Variegated Chloro-
sis (CVC), Almond Leaf Scorch Disease (ALSD), Oleander Leaf Scorch (OLS) and Olive
Quick Decline Syndrome (OQDS) [33]. Xf has been found in more than 500 plant species,
especially the perennial ones [34,35]. A dramatic outbreak of Xf subsp. pauca (Xfp) strain
ST53, namely CoDiRO (Complesso del Disseccamento Rapido dell’Olivo, meaning OQDS),
decimating olive trees was discovered in 2013 in Apulia, Southern Italy [36]. The meadow
spittlebug Philaenus spumarius L. (1978) (Hemiptera: Auchenorrhyncha: Aphrophoridae) is
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considered the main vector in the Xf outbreak [37]. To date, this disease is limited to the
Salento region. Figure 2 shows olive trees undamaged (A) and severely damaged (B) by
Xfp. The areas of Barletta-Andria-Trani BAT (Apulia) and Potenza PZ (Basilicata, Apulia
bordering region) and the north of Salento are pathogen-free.
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Several studies are being carried out to understand the underlying causes of Xf emer-
gence and spread among olive trees. Nevertheless, several important questions regarding
Xf remain unsolved, e.g., how it interacts with the different host plants, with the plant
immune system and how it influences the host’s microbiome [38]. Sanitation of infected
olive trees is unfeasible [39], and very few phyto-therapeutics were evaluated to mitigate
OQDS disease. Among the disease control attempts, the usage of commercially available
Dentamet®, a Zn/Cu citric acid biocomplex, has been assessed as a foliar treatment able
to reduce the Xfp cell concentration in olive trees [40]. New metabolomics approaches
have been proposed for the diagnosis of OQDS markers in olive tree leaves [41,42]; how-
ever, OQDS remains a major concern, and new studies are needed to stop the diffusion of
this bacterium.

The diffusion and transmission of Xf to olive trees is due to insects, and P. spumarius L.
is now considered the major epidemiologically relevant vector currently responsible for
Xf spread in Europe [43]. Researchers from Italy, France and the USA have attributed the
arrival in Italy of Xf bacterium, in 2008, to a coffee plant probably coming from Costa Rica,
and then adapted to infect the olive trees in Apulia [44]. The spread of Xf is rapid, difficult
to halt, and seems to be directed to other regions in the south of Italy, including Calabria [45].
In this review, we summarize the problems related to Xf outbreak, particularly in Italy,
considering the bacterium itself as the vector responsible for its transmission and suggesting
the potential use of TDZ, which is endowed with antimicrobial and cytokinin-like activity,
as well.

2. Thidiazuron (TDZ)

TDZ (N-phenyl-N′-1,2,3-thiadiazol-5-ylurea) is a substituted diphenylurea compound [46].
Belonging to the diarylurea class, it may be easily synthesized [47,48], and is also charac-
terized by a low-cost [49]. It was first reported to have cytokinin activity in 1982 [50] and
since then, TDZ has been used as a growth regulator for abscission of green-turgid leaves
of cotton to facilitate the picking of bolls [2]. TDZ exhibits both auxin- and cytokinin-like
effects on growth and differentiation of cultured explants, although, under a chemical point
of view, it is totally different from commonly used auxins and cytokinins [51]. In some
species, TDZ activity was about 30 times higher than zeatin activity [52] and stimulates the
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induction of shoot regeneration and somatic embryogenesis in some plant species [15,53].
Recently, it was studied as a growth regulator on direct shoot regeneration and production
of bioactive volatile organic compounds in Ajuga bracteosa [54]. Moreover, an interesting
activity was found in the micropropagation of Linum usitatissimum, commonly known as
“flax” or “linseed”, an important medicinal plant that produces biologically potent lignans,
used in the treatment of several human diseases. The supplementation with TDZ in the
culture media efficiently activated the antioxidant system in the in vitro raised shoots, lead-
ing to maximum production of total phenolic content, total flavonoid content, antioxidant
enzymes and lignans [55]. In a recent study, TDZ was shown to be effective in inducing
in vitro clonal propagation of Lagerstroemia speciosa (L.) Pers., commonly known as ‘Pride
of India’ or ‘Banaba’, belonging to the family Lythraceae, and is an important avenue
tropical deciduous tree widely distributed in the Philippines, Malaysia, India, Vietnam,
and China [56]. Furthermore, TDZ has induced efficient in vitro organogenesis and regen-
eration of Scutellaria bornmuelleri, a medicinal plant belonging to the Scutellaria genus of
the Lamiaceae family, endemic in the East Azerbaijan province of Iran, used in traditional
medicines to treat constipation, wound healing, and stress [57], and has increased shoot
induction and proliferation rate of Tecoma stans L. (Bignoniaceae), commonly known as
Ginger-Thomas, a plant endowed with antitumor, antioxidant, antimicrobial, antidiabetic
and free radical scavenging properties [58]. Moreover, the application of TDZ inhibits the
leaf yellowing in different plants, such as the one occurring after pinching potted rose
plants [59]. TDZ has recently shown to enhance secondary metabolites production [60].
The most interesting activity of TDZ, which could be useful for the treatment of Xf, is
the antibacterial one. Kumari et al. (2016) [61] studied the Cotyledon orbiculata L. (Cras-
sulaceae), a succulent medicinal plant popularly known as pig’s ear, the leaf of which is
used in traditional medicine to treat, soften or remove hard corns, warts and boils, and
for the treatment of inflammation, toothache, earache, abscesses, skin eruptions, epilepsy
and syphilis. They found that, after the treatment with TDZ, all the in vitro and ex vitro
plant tissues exhibited bioactivity against both Gram-positive and Gram-negative bacteria,
including Klebsiella pneumoniae, whereas garden-grown mother plants failed in bioactivity.
A more recent study by the same group on Eucomis autumnalis and Drimia robusta showed
that bulbs of D. robusta ex vitro-derived from solid culture with 10 µM picloram, 1 µM
TDZ and 20 µM glutamine exhibited good antibacterial activity against Enterococcus faecalis,
Micrococcus luteus and Staphylococcus aureus when compared with other treatments [62].
In a study on Coleonema pulchellum Williams (Rutaceae), an evergreen, erect and dense
shrub, which occurs from the western to the eastern cape in South Africa, TDZ at low
concentration (4.5 µM) determined the formation of a high number of normal shoots,
whereas at higher concentrations (13.6 µM), showed antibacterial activity against E. faecalis
(MIC = 1.56 mg/mL) [63], a Gram-positive organism responsible for serious infections [64].
A recent study demonstrated the antibiofilm activity of TDZ against C. albicans, a common
human fungal pathogen that colonizes mucosa and develops biofilm in the oral cavity
causing oral candidiasis. This activity was exerted by the interaction between TDZ and
amino acid residues of cytochrome P450 mono-oxygenase (CYP51), acting as a new CYP51
inhibitor. TDZ treatment down-regulated the expression of genes involved in ergosterol
synthesis, cell adhesion and hyphae development in C. albicans [21]. Despite more than
40 years of use, universal application in the environment and hundreds of scientific stud-
ies demonstrating TDZ-induced plant morphogenesis, the precise mechanism of action
remains unknown. Recently, using a metabolomics approach, several hypotheses for the
mechanism of action of TDZ were suggested for understanding its regulatory role in plant
morphogenesis [65].

3. Xylella fastidiosa (Xf )

Xf Wells is a xylem-limited Gram-negative bacterium native to the Americas, which
belongs to the family Xanthomonadaceae (Gammaproteobacteria); it is an obligatory colo-
nizer of plant and insect hosts [66] and is able to form biofilms, the mechanism of which is
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currently under study [67]. The first to report on a disease caused by Xf was Newton Pierce
in 1892 [68], whose studies were addressed to PD, an epidemic of vine disease in Southern
California that had devastating consequences in the grape industry. More than a century
later, PD remains a significant problem for the grape industry in California [69]. Then, Xf
remained poorly characterized until the late 1970s, when it was first cultured in vitro [70].
In 1987, it emerged in Brazil and was associated with a citrus disease [71]. At the same time,
another PD epidemic in Southern California devastated the local wine industry after the es-
tablishment of an invasive vector, Homalodisca vitripennis (Hemiptera: Cicadellidae) [72,73].
These two epidemics encouraged in-depth studies on Xf. In 2010, olive trees on the west
coast of Salento peninsula, Italy, began to decline and die with a condition of unknown
etiology that was called “OQDS” [74]. Before 2013, there were only sporadic reports of
Xf detection in Europe [75] and its presence, particularly in Italy, was firstly described in
2013 [76]. Several molecular and pathogenic traits distinguish this bacterium from many
common phytopathogenic bacteria of this family [77]. Xf has been well documented for its
worldwide spread and infection of a broad range of plant species [78]. Specifically, OQDS
is caused by Xfp strain ST53 and is spread by xylem-feeding insects (i.e., responsible for
local spread), and through infected plant propagating materials (i.e., mainly responsible for
the long-distance spread) [79]. Six different subspecies of Xf have been proposed [80], and
87 different sequence types have been described worldwide [81]. Xf was first confined to
the Americas; however, international movements of infected plants for landscape planting
or commercial purposes contributed to the spread and establishment of this bacterium in
Europe during the last decade [82]. Other subspecies, including ST6 and ST7, have been
detected in Corsica and the Provence-Alpes-Côte d’Azur and in a region of the South of
France, Occitanie (Aude) and ST88 and ST89 in the PACA region [83]. Thus, preventive
measures have been adopted in Europe, including inspections and diagnostic tests on
imported consignments of plants and in nurseries, and this bacterium was classified as
“harmful quarantine pathogen”, and more recently as one of the European priority pests
(Regulation EU 2019/1702) [84]. Nevertheless, these measures failed to effectively protect
the European territories, due to the biological complexity of this pathogen. Consequently,
the pathogen is currently threatening olives, almonds and several other species in several
outbreaks discovered mainly in southern Europe countries. The bacterium was detected
in 2013 in southern Italy olives, then in 2015 was detected on ornamentals and on several
Mediterranean shrubs in natural habitats in Corsica and southern mainland France; in 2016,
the bacterium was detected in the Balearic Islands and mainland Spain; in late 2018, two
outbreaks were found, respectively, in central Italy (Tuscany) and in Portugal. The latest re-
ports are from France in the Occitanie region, where an outbreak was detected on lavender
plants in 2020 and from Portugal on rosemary plants in 2021. Currently, mandatory checks
on plant propagating materials are enforced in Europe (EU regulation 2020/1201) for the
most susceptible species found in the European outbreaks, as well as on the numerous
“specified plants” propagated in nurseries located in the infected, containment and buffer
zones [77]. The major injury has been inflicted on the olive orchards of southern Apulia
(Italy), where millions of trees died for a severe disease associated with the Xfp strain
“De Donno”. The dramatic changes in the Mediterranean landscape and the continuously
evolving situation led to the implementation of European and national (Italian and Spanish)
measures to reduce the spread of the pathogen and the associated OQDS [79].

4. Philaenus spumarius L.

Sharpshooters (Hemiptera: Cicadellidae: Cicadellinae) and spittlebugs (Hemiptera:
Aphrophoridae: Aphrophorinae) are vectors with a worldwide distribution and are often
associated with many crops [85]. P. spumarius L. (1978) (Hemiptera: Auchenorrhyncha:
Aphrophoridae) is considered the major epidemiologically relevant vector of Xfp strain
ST53, responsible for the outbreak of the OQDS in Southern Italy [86,87]. Although any
xylem-sap feeding insect could theoretically transmit Xf bacterium, only three species
(Hemiptera, Aphrophoridae) have been proven to be capable of acquiring the CoDiRO



Antibiotics 2022, 11, 947 6 of 14

strain from infected olive plants and spreading it to other plants as P. spumarius, P. italosignus,
and Neophilaenus campestris [88], even though Xfp ST53 has also been found in other species
of Hemiptera [89–91]. P. spumarius and other Auchenorrhyncha are known to communicate
via vibrations, and indeed the possible occurrence of semiochemical communication is
an interesting study recently carried out by some researchers [92]. Several differences in
males and females have been found, amongst them the females of P. spumarius can walk
significantly more at a significantly higher velocity than males. Moreover, the olfactory
response of P. spumarius adults to two Volatile Organic Compounds (VOCs) (cis-3-hexenyl
acetate and cis-3-hexen-1-ol) present in almond, olive and vine leaves were studied. VOCs
were tested at different concentrations (5, 10, 20 and 30 µg/µL), and at the lowest concen-
tration (5 µg/µL), females of P. spumarius were significantly attracted by the two VOCs,
whereas at the highest concentrations (30 µg/µL), no significant differences were detected
among treatments [93]. Interestingly, in another study, playbacks obtained from prere-
corded P. spumarius’ signals were shown to significantly disrupt species mating and could
integrate with other techniques aimed at reducing the spread of Xf [94]. Finally, the im-
portance of the climate is related not only to the bacterium itself, but also to the vector.
Indeed, areas predicted as highly suitable just for the bacterium but not optimal for this
vector are apparently still free of severe Xf outbreaks, suggesting that climate tolerances of
P. spumarius might partly explain the current spatial pattern of Xf outbreaks in Europe and
should always be considered in further risk assessments [95].

5. Differences in Olive Varieties

The ‘Ogliarola salentina’ and ‘Cellina di Nardö’ varieties are particularly sensitive to
Xf infection and show severe symptoms [96], whereas ‘Arbosana’, ‘Arbequina’, ‘Menara’,
‘Koroneiki’ and ‘Haouzia’ may tolerate the infection by Xf to varying degrees. Thus far, the
cultivars ‘Leccino’ and ‘FS17’ (also referred to as ‘Favolosa’) were shown to display resis-
tance to Xf [97]. Intermediate resistance was reported for ‘Frantoio’, ‘Toscanina’, ‘Termite
di Bitetto’, ‘Maiatica’, ‘Dolce di Cassano’, ‘Oliastro’, ‘Nociara’, and ‘Nocellara Etnea’ [98].
Resistance/tolerance to Xfp in the ‘Lecciana’ variety is currently under evaluation [99].
Several studies suggest the dependence of sensibility of different species to the mineral
content, indeed in the low sensitive species, Mn, Cu, and Zn content is higher and Ca
and Na levels are lower [100]. Moreover, the higher content of Zn and Cu both in soil
and leaves found in the olive trees in northern areas of Apulia (Barletta-Andria-Trani,
namely BAT province) and Basilicata, an Apulia bordering region (Potenza, PZ province),
in comparison to the southern areas of Salento (LE, BR, TA provinces) could partly explain
the absence of OQDS in those areas. A higher zinc content in leaves characterizes treated-
versus untreated-trees [101]. Future efforts are aimed at the selection of cultivars displaying
resistance to Xf [102].

6. Agrochemicals and Minerals Used for the Treatment of Xylella fastidiosa

Different control measures are used for the treatment of Xf and are summarized in the
article published by EFSA [103]. What is clear is that minerals, such as zinc and copper,
are useful for the treatment of this bacterium. Dentamet®, a biocomplex containing zinc
(4%), copper (2%), and citric acid, has been used for the treatment of Xf -infected trees,
and the earliest descriptions of its application via foliar spray have shown a reduction of
Xf -associated disease severity; however, the time range of the application and the number
of observations are limited, thus no conclusive evidence of complete eradication of the
pathogen was obtained [104]. A further mid-term assessment revealed that the bacterial
concentration tended to decrease in trees regularly sprayed with the biocomplex over
3–4 years [105]. A series of studies conducted in vitro [106–108] showed that alterations in
mineral homeostasis, mainly involving zinc, copper, and calcium ions, may have significant
effects on Xf Temecula1, responsible for PD in grapevine.

Besides the administration of zinc and copper, other strategies to control Xf in olive
plants and employing mineral solutions have been attempted in Italy. The use of ammo-
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nium chloride sprays on OQDS-affected trees showed clear symptom reductions, but no
substantial differences in the bacterial populations were observed [109]. A better well-
studied control strategy for Xf employs N-acetylcysteine (NAC), a mucolytic cysteine
analogue mainly used to treat human diseases [110]. It showed promising inhibitory effects
on Xf strain 9a5c and its associated disease in sweet orange plants [111]. The treatment
with NAC, especially using NAC endotherapy, in OQDS in Apulia seems to decrease
disease progression, but a significant reduction in the bacterial population size has not
been detected by qPCR [112]. Cattò et al. [113] studied the effect of NAC on Xf strain
“De Donno” and found that sub-lethal concentrations of NAC had a significant effect on
Xf biofilm formation, inducing a hyper-attaching phenotype, with potential impacts on
strain virulence and vector acquisition. Recently, metal nanooxides have also been studied
as carriers for the direct release of phytodrugs targeting Xf in olive plants. Transmission
electron microscopy observations showed an alteration of the bacterial cell wall after the
use of nanocarriers with calcium carbonate, which were absorbed by the olive roots and
successfully translocated to conductive tissues [114]. Other authors demonstrated the
antibacterial activity of NuovOlivo®, a natural detergent made from plants oils and extracts
of multi botanical species plus sodium and calcium hydroxide, and sulfur, activated with
sodium bicarbonate, improving OQDS control in both ‘Cellina di Nardò’ and ‘Ogliarola
salentina’ olive groves [115].

Antimicrobial peptides (AMPs) were also suggested as alternatives to traditional
compounds, because of their activity against a wide range of plant pathogens and low
cytotoxicity [116]. Gomesin, a potent AMP from a tarantula spider, modulates the Xf gene
expression profile in susceptible hosts, such as citrus trees, upon 60 min of treatment with a
sublethal concentration. Moreover, the treatment of Xf with a sublethal concentration of
gomesin before inoculation in tobacco plants correlates with a reduction in foliar symptoms,
an effect probably due to the trapping of bacterial cells to fewer xylem vessels, given the
enhancement in biofilm production [117]. A paratransgenic strategy that halts pathogen Xf
transmission, using the Glassy-Winged Sharpshooter Homalodisca vitripennis has recently
been described [118].

Moreover, several phenolic compounds, including coumarins, stilbenes and flavonoids,
have been studied for their potential use against PD-associated Xf strains (Table 1). These
compounds were effective in inhibiting Xf growth, showing low minimum inhibitory con-
centrations [119]. The study of plant-derived phenolics compounds, such as 4-methylcathecol,
cathecol, veratric acid, caffeic acid, and oleuropein demonstrated the inhibitory activities
against Xf strain “De Donno” isolated from olive plants, although it was limited to re-
versible bacteriostatic effects [120]. In another study, other phenolic compounds, such as
gallic acid, epicatechin, and resveratrol, determined no or very low inhibition of the growth
of Xf ; however, epicatechin and gallic acid reduced cell surface adhesion. In addition,
cell–cell aggregation decreased with resveratrol treatment [121].

Finally, plasma activated water (PAW) showed interesting antimicrobial potential to
inactivate Xf cells. Only 15 min of treatment seemed to be sufficient to destroy the strain
“De Donno” of Xfp haplotype ST53 cells in in vitro experiments [122]. However, so far,
such mineral solutions and other compounds described did not lead to efficient Xf disease
control and new products are still needed, such as antimicrobials that should overcome the
phenomenon of antimicrobial resistance [123].
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7. Summary, Outlook and Challenges

Xfp ST53 is an invasive Gram-negative bacterium belonging to the Xanthomonadaceae
family, responsible for the outbreak of the OQDS, a disease causing a massive dieback of
olive trees in Apulia, Southern Italy. The global distribution of this pathogen continues to
increase due to anthropogenic movements of goods and plant materials. Environmental
issues, such as restoration of the damaged landscape, are of crucial importance for land
use development plans at regional, national and international levels. However, curbing
OQDS is still a utopia. In the face of such an aggressive pathogen, it is necessary to detect
and constantly monitor the most representative vectors for each area in order to promptly
intervene and avoid further propagation in uncontaminated territories. Monitoring and
information exchange are essential to build a levee against an uncontrolled spread of the
infection. Several studies have been carried out on the Xfp bacterium, as well as on P.
spumarius L., the major epidemiologically relevant vector currently responsible for OQDS
spread in Italy, and on the importance of the climate for the diffusion of this disease.
However, we are far from being free of this disease, and new treatments or strategies are
needed. In this scenario, the study of new antibacterials may be envisaged, and our idea
is the use of TDZ, a low-cost plant growth regulator that also prevents leaf yellowing,
enhances photosynthetic activity, fruit ripening, as well as stimulates the proliferation of
adventitious shoots, callus production, and induces somatic embryogenesis. Its interesting
antimicrobial action, along with all these activities, might suggest the use of this compound
for a potential treatment of OQDS.
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CoDiRO Complesso del Disseccamento Rapido dell’Olivo
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CVC Citrus Variegated Chlorosis
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OLS Oleander Leaf Scorch
OQDS Olive Quick Decline Syndrome
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PGRs plant growth regulators
TDZ Thidiazuron
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Xf Xylella fastidiosa
Xpf Xylella fastidiosa subspecies pauca
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