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Abstract: In Salento, the olive agro-ecosystem has lasted more than 4000 years, and represents an
invaluable local heritage for landscape, trade, and social traditions. The quarantine bacterium Xylella
fastidiosa subsp. pauca was introduced in the area from abroad and has been widely threatening
olive groves in the area. The successful eradication of quarantine phytopathogens requires a prompt
identification of the causative agent at the new site, a restricted infected area, a highly effective
local organization for crop uprooting and biological features of the micro-organism that would
guarantee its complete elimination. However, at the time of the first record, these criteria were not
met. Interdisciplinary studies showed that a zinc-copper-citric acid biocomplex allowed a consistent
reduction of field symptoms and pathogen cell concentration within infected olive trees. In this
perspective article, it is briefly described the implementation of control strategies in some olive farms
of Salento. The protocol includes spray treatment with the biocomplex during spring and summer,
regular pruning of the trees and mowing of soil between February and April to reduce the juvenile of
the insect vector(s). Thus far, more than 500 ha have begun to follow this eco-friendly strategy within
the “infected” and “containment” areas of Salento.

Keywords: landscape; local heritage; olive quick decline syndrome; rural sustainability; pathogen
control strategy

1. The Olive Agro-Ecosystem of Salento

According to the Critical Ecosystem Partnership Fund (CEPF), the plant biodiversity of the
Mediterranean Basin is the second largest biological hotspot in the world and the third in terms of
plant diversity [1]. In many areas of the Basin, the olive (Olea europea subsp. europea) is cultivated as
a typical agricultural crop with a regular spacing between trees, a well-defined shape of the crown
formed by pruning, and with the regular supply of fertilizers and agrochemicals. However, in other
areas, the olive is grown in a more traditional way so that it can be considered a natural element of the
Mediterranean landscape and environment [2]. Notably, these natural olive groves portray the same
floristic composition found in wild Mediterranean sites [3,4]. Among these areas, the Salento peninsula
(Apulia region, southern Italy) is a particular territory where olives have been cultivated since the
Bronze Age [5]. Nowadays, with more than 11 million trees within the Lecce, Brindisi and Taranto
provinces, olives are present almost everywhere. At some sites, it is even possible to observe many
thousands of olive groves over many kilometers, and many centuries-old olive trees are also present in
the area which contribute to a typical agro-ecosystem for the Mediterranean Basin [6] (Figure 1).
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Figure 1. The olive agro-ecosystem of Salento has lasted more than 4000 years and the trees cover the

vast majority of the territory. Centuries-old trees are on the right.

The history of olive cultivation in Salento is particularly interesting since it reflects old and
recent traditions—rules that deeply influenced how farmers have grown olive trees, produced oil,
adopted particular agronomical techniques, and have maintained the original landscape throughout
the centuries. After the Bronze and Iron Ages, the Phoenicians and Greeks re-introduced the cultivation
of olives in many areas of the Mediterranean Basin. Ancient Rome largely favored the establishment of
olive cultivation in Salento [7], and all Apulia became the main source of oil for Rome and its territory
during the entire republican period [8]. Afterwards, during the 8th century, a new impulse for olive
and oil production was introduced by Basilian monks, who, escaping from the Byzantine empire,
settled in Salento and dedicated their particular attention to olive cultivation to produce high quality
oil [9]. During the Middle Ages, under the Normans and following Swabian dominations as well as
Angevin and Aragonese epochs later, the olive became the predominant tree in Salento that continued
to represent a relevant area for high-quality oil production [10,11]. The practice of grafting wild olive
trees with clonal local and foreign cultivars spread over the territory, and many olive groves were
framed by the characteristic white dry stone walls (i.e., clausure olivarum) [8] that continue to persist
today at a large scale (Figure 2).

Salento, in addition to the production of oil for a comestible, became the most important area for
the worldwide production of lamp oil developed in the characteristic hypogeum oil mills. During the
16th-18th centuries, the most finest lamp oil reached all major areas of Italy and Europe, including
Russia and North America from the Gallipoli port [12]. Later on, Bourbons deeply influenced the
further extension and cultivation of olive trees in the Salento peninsula; the date of May 30, 1787
represents the beginning of a further spreading of the olive crop. The rulers, indeed, proclaimed
that for 40 years, no tax was due in the case of the development of a new olive plantation, inciting
a relevant increase in oil production [13]. In modern times, the Council Regulation (EC) 2012/2006,
Standard 4.3 of 29th December 2006 within the Good Agricultural and Environmental Conditions
(GAEC) concerning the “maintenance of olive groves in good vegetative condition”, links the welfare
payment by the European Union to farmers for maintaining the cultivation land and olive trees through
weed elimination and occasional pruning. Two main olive cultivars are grown in Salento, namely
“Ogliarola salentina” and “Cellina di Nardo” characterized by their high nutritional olives very rich in
polyphenols and carotenoids [14,15], and they are reported as largely spread in Salento at least since
the ancient Roman Republic [7].
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Figure 2. A view of the olive agro-ecosystem of Salento with the typical white dry stone wall (on
the left).

The combination of all these features strongly contribute to making Salento a remarkable
agro-ecosystem that strings together history, landscape, trade and social traditions linked by olive
cultivation, and thus represents a remarkable resource for the entire territory. In the past, the integrity
of the agro-ecosystem was disturbed by foliage disorders that by the end of the 18th century and start
of the 20th caused extensive damage to olive trees mainly grown in the western part of the Salento
Peninsula. The leaf scorch observed in Salento was caused by a disturbance in the water supply of
olive trees, nutrient deficiency or by hot, dry or salty winds as well as by weak fungal pathogens such
as Stictis panizzei [16]. However, the olive agro-ecosystem was re-established to its previous integrity
in both the periods.

2. A Threat from Abroad: The Quarantine Phytopathogen Xylella Fastidiosa

Currently, this agro-ecosystem is more severely threatened by the occurrence of the plant
quarantine bacterium Xylella fastidiosa, firstly detected in the olive agro-ecosystem on October
2013 [17]. Subsequently, the pathogen was isolated from olive trees showing symptoms of the so-called
“olive quick decline syndrome” (OQDS) such as leaf scorch, twig and branch die-back, and tree death
(Figure 3).

On the basis of genome sequence comparison, the isolates were identified as X. f. subsp. pauca [18].
At the time of the first record, the disease was found on approximately 8000-10,000 ha within the
Salento area of Gallipoli and the nearby municipalities (Lecce province, Apulia region, southern
Italy) [18]. It is now estimated that, by the end of 2017, the infection has spread to more than 53,500 ha
and to approximately 6.5 million olive trees, including many centuries-old trees [19] (Figure 4).

X. fastidiosa was a pathogen mainly found in North, Central and South America where it causes
severe economic losses to a vast array of cultivated crop and forest species [20]. The occurrence of this
pathogen in a new area far from its usual habitats was most likely due to the global circulation of plant
material that frequently allows the introduction of insect pests and pathogens into new countries [21].
In the case of X. f. subsp. pauca infecting olives in Salento, its introduction likely occurred through the
import of coffee plants from Costa Rica in previous years [22,23]. It is possible that, upon the arrival,
the X. f. subsp. pauca vector meadow spittlebug, Philaenus spumarius, transmitted the bacterium cells
from the coffee plant leaves to the olive trees of Salento [24].
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Figure 3. Leaf, twig and branch die-backs are the main symptoms of the “olive quick decline syndrome”

caused by Xylella fastidiosa subsp. pauca in olive agro-ecosystems of Salento.

In Europe, quarantine phytopathogens never recorded previously in a country are ruled by
mandatory recommendations that aimed at rapidly eliminating the cause of the infection in the territory.
However, the successful eradication of quarantine phytopathogens requires various criteria: (a) a
prompt identification of the causal agent found in a new site, (b) a restricted and limited infected area,
(c) an effective local organization for crop uprooting, and (d) biological features of the micro-organism
that guarantee its complete elimination [25].

Unfortunately, at the time of the record of X. f. subsp. pauca on olive trees in Salento, none of
these criteria were met. In particular, the first sign of olive tree die-back were noticed in the Gallipoli
area five to six years before the official case record of 2013 [26], and when the bacterium was isolated
and identified it had already colonized approximately 8000-10,000 ha [18,25] infecting approximately
1,000,000 olive trees. In addition, X. fastidiosa can survive on a multitude of wild and cultivated
plant species [27,28], it is transmitted by insect vectors particularly prolific [29] and, in the case of
X. f. subsp. pauca, the vector meadow spittlebug is widespread and increasing in the territory [30].
It appears to be quite evident within this scenario, that the eradication (i.e., the complete elimination of
the pathogen from the infected area) [31] is impossible [32]. Consequently, as for emerging human
pathogens [33], the search for an effective control strategy and, in this specific case, the accurate vector
limitation in both infected and bordering areas, would seem more appropriate to contain the pathogen
and safeguard the invaluable agro-ecosystem previously described.

The European Union delimits different areas as “infected”, “containment” and “buffer” through
Implement Decisions according to the spread and severity of the quarantine pathogen infection.
The “containment” and “buffer” areas border the limits of the “infected” area, and the location of
the areas in the territory can be displaced according to the occurrence of the new foci of the disease.
Concerning OQDS, the “infected” area is where the initial outbreaks of the disease were observed
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and where the infection has widely spread. In this area, due to the occurrence of the vector and the
very high and uniform density of olive orchards, the eradication of the pathogen has not been feasible.
This area includes most of the Salento olive agro-ecosystem. Within the 20 km-wide “containment”
area bordering the northern limit of the “infected”, each olive tree found to be infected by X. f. subsp.
pauca must be uprooted in accordance with the European quarantine legislation. Within the nearer
10 km-wide “buffer” area, more severe rules are applied, and within a radius of 100 m that starts from
the infected tree, all olive trees must be uprooted (Figure 5).

Figure 4. Centuries-old olive trees in Salento showing extensive die-backs upon the introduction of
Xylella fastidiosa subsp. pauca from abroad.

ENLARGEMENT OF THE APULIAN DEMARCATED AREA AS
ENDORSED BY THE PAFF COMMITTEE ON 23 MAY 2018

Basilicata

For information purposes only.

The European Commission Goes not sssume any kabiity resuting fom s content For complete B 10 km Butfer Zone
informaton about the official measures in place 1o prevent the introduction into and the Spread within the

Union of Xybela fasticiosa, please refer to Commission Implementing Decision (EU) 2015789 as amended E Infected Zone

Figure 5. The mandatory Implement Decisions of the European Union establishing the “infected”,
“containment” and “buffer” areas in Apulia to limit the spread of Xylella fastidiosa subsp. pauca
northward. Note that the zones can be changed according to the progression of the disease.
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3. The Challenge of Controlling a Xylem-Limited Bacterial Plant Pathogen

X. fastidiosa lives and multiplies exclusively within the plant xylem tissue where, by forming
biofilms, impedes the normal water displacement from the roots to the aerial part of the tree, causing
leaf and twig wilting and, subsequently, tree die-back [34]. This particular feature complicates reaching
the pathogen with compounds that can effectively limit its further multiplication within the tree xylem
vessels so to avoid the wilting of the plant. For many years, such a feature has strongly limited the
search for compounds enabling the control of this bacterium to the point where the concept, “there is no
cure for Xylella fastidiosa” has become a dogma in plant pathology. This concept has been extensively
passed to the Salento farmers; this causing, in most cases, the olive groves” abandonment, so that a
large part of the territory currently appears devastated.

However, a rationale for its control has been proposed by some researchers who, as for Pierce’s
disease of grapevine caused by X. f. subsp. fastidiosa, mention that: “if methods could be developed
to effectively deliver prophylactic or therapeutic bactericides into grapevine, this could provide a
comparatively straightforward solution to a very complex disease problem” [35].

Some preliminary studies have been performed pointing at investigating the potential of some
compounds to inhibit the in vitro growth of X. fastidiosa [36-38] or at assessing putative microbial
biocontrol agents [39]. However, none of them achieved conclusive results on the possibility of practical
application in the field to control the bacterium.

Among the possible field control strategies, a rational one has been followed based on the potential
capability to deliver an eco-friendly and internationally patented formulation, also suitable for organic
farming into olive xylem tissue, and effectively limit the multiplication of X. fastidiosa within its niche
by the release of certain ions. Some studies indicated that the manipulation of the mineral status of
the host plant could be used as a disease management strategy for the control of this bacterium [40].
In particular, copper and zinc were the most effective ions in reducing the pathogen multiplication
and biofilm formation when added in the growth medium (i.e., PD2 broth) at a dose of 0.25 mM
and >200 uM, respectively [41]. In addition, it has been shown that zinc concentration usually found
within the xylem acts as a pre-formed defense for the plant in case of pathogen attack, and thus,
zinc detoxification in the host plant is required for triggering the full virulence of the pathogen [40].
Consequently, a supplemental supply of such an ion within the leaf could impede its detoxification in
planta, avoiding the further pathogen multiplication and host colonization.

Within the abovementioned framework, it has been performed a three-year study assessing the
possible use of a zinc (4% w/w)-copper (2% w/w)-citric acid patented biocomplex, namely Dentamet®
(Diagro srl, Italy), as a tool in controlling the OQDS in Salento. This was performed in an olive
orchard of the Lecce province planted with 70-year-old trees of the local cultivars “Ogliarola salentina”
and “Cellina di Nardo”. Dentamet® biofertilizer is obtained via an electrolytic process of zinc and
copper salts that are subsequently complexed with hydracids of citric acid through a fermentative
process similar to those released by some fungi in nature. The olive orchard was selected based
on the occurrence of the pathogen at the site as officially detected just prior to initiating the trial.
The biocomplex was sprayed to the olive crown six times (once per month) during spring and summer
(from April to September) at a dose of 0.5% (v:v) [42]. The reduced amount of the active ingredients,
i.e., zinc and copper, and the low dose with which they were sprayed fully satisfied the current
requirements decreed by the European Union to avoid copper accumulation in the soil (i.e., 4 kg/ha

per year).
4. The Interdisciplinary Approach to the Study

To fully assess the potential capacity of the biocomplex in controlling the pathogen, a series
of studies involving different disciplines were undertaken to investigate several features: (a) its
bactericidal activity, (b) its capacity to effectively reach the xylem network of the leaf, twig and young
branch of the tree, (c) the effective release of zinc and copper within the xylem, (d) the significant
reduction of field symptoms (i.e., twig and branch die-back), (e) the reduction of pathogen cell density
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within the foliage, (e) the absence of any phytotoxicity to the tree, and (f) the absence of zinc and copper
residues in the oil.

The biocomplex displayed strong in vitro bactericidal activity towards X. f. subsp. fastidiosa [42]
and X. f. subsp. pauca, sequence type 53, isolated in Apulia from olive, (Loreti S. and co-workers,
Council for Research in Agriculture and Economics, Research Centre for Plant Protection and
Certification, Roma, Italy, personal communication). In addition, the biocomplex showed a relevant
in planta systemicity as observed by using confocal laser scanning microscopy and fluorescence
quantification. The effective ionic release of zinc and copper within these samples was assessed
using the inductively coupled plasma atomic emission spectroscopy. Upon the treatments with the
biocomplex, microscopy assessment allowed to observe the effective reaching of leaf and twig xylem
by the compound, whereas emission spectroscopy enabled to reveal significant greater values for zinc
and copper ions within central veins of leaves and within petioles, and twigs. These results provided
relevant information about the ability of the formulation to reach the olive xylem network and therein
act as an inhibitor of X. f. subsp. pauca multiplication.

Field efficacy was assessed along three consecutive years (2015-2017) by counting in each tree
the new wilted twigs that appear from spring to autumn. Data were analyzed per each tree and by
cultivar and were subjected to ANOVA and significance was evaluated for p < 0.05. Mean values were
compared by Fisher’s LSD test. To further corroborate field data, the pathogen cell densities were
assessed in four trees by quantitative real-time PCR. A significant reduction of field symptoms (i.e.,
twig and branch die-backs) was observed along each year and at the end of the trial. In addition,
a reduction of the pathogen cell density compared with the control trees was also observed in the
treated ones that had shown to contain significant lower X. f. subsp. pauca population (i.e., 100
colony-forming units) compared to untreated trees (i.e., from 10,000 to 100,000 colony-forming units)
(Figure 6). The treatment did not incite tree phytotoxicity and no zinc and copper residues were found
in the oil obtained from the trees that had received the spray treatments. It is worth noting the dramatic
reduction of X. fastidiosa DNA concentration after the frost events of January 2017 and also to observe
that the “Ogliarola salentina” untreated control tree was dead in December 2016, whereas “Cellina di
Nardo” untreated control tree resulted almost totally withered in April 2017. During one year (i.e.,
2017), the trees faced both extensive winter frost and a severe summer drought, this augmenting the
stress in presence of the pathogen. Reproduced from [42].

To further corroborate such data, a subsequent and larger study was performed on two olive
groves located at Cannole and Galatone within the “infected” area of the Lecce province. A total
of 41 olive trees were thoroughly assessed by means of quantitative real-time PCR during 2019 (i.e.,
March, July, October). The study had the aim to verify the efficacy of the control strategy in the
mid-term period. The two olive groves in Cannole and Galatone, indeed, applied the pathogen control
strategy since 2016 and 2017, respectively. A very low pathogen cell concentration was found in both
groves and in all the tested cultivars, namely “Ogliarola salentina”, “Cellina di Nardo” and “Leccino”
(Figure 7).

All the cultivars assessed, indeed, showed a decreasing of the pathogen cell concentration within
the leaves along the seasons that resulted very low in both groves. It is worth noting that all the
control (untreated) olive trees bordering such olive groves resulted dead before the final assessment
(Loreti and co-workers, Council for Research in Agriculture and Economics, Research Centre for Plant
Protection and Certification, Roma, Italy, personal communication).
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Figure 6. Xylella fastidiosa subsp. pauca DNA concentration detected by quantitative real-time PCR at
each sampling and expressed as mean ng/tree, as obtained from June 2016 to September 2017.
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located at Cannole (Lecce province, 20 trees) and Galatone (Lecce province, 21 trees).
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In parallel, through a metabolomic approach using 1H-NMR, it has been observed that the
biocomplex promptly induces a re-programming of the metabolic pathways in the infected trees that
resulted in a relevant increased content of malic acid in “Ogliarola salentina” and in y-aminobutyric
acid (GABA) in “Cellina di Nardo” trees, respectively [43,44]. The involvement of micronutrients in
the OQDS was also assessed by analyzing the in soil and in planta content in olive groves grown in the
area where the syndrome was first observed. Olive trees grown in Gallipoli and nearby areas showing
clear sign of OQDS were characterized by a lower micronutrient content in soil compared to other
areas as well as a relevant leaf copper depletion [45]. These results reinforce the assumption that host
micronutrients are deeply involved in the X. fastidiosa-host interaction and that their appropriate
management could potentially provide a satisfactory bacterium control [46].

5. Implementation of the Control Strategy in the Salento Olive Agro-Ecosystem

These studies posed the basis for the application of the protocol to control X. f. subsp. pauca in
olive farms. The control strategy is based on an eco-friendly management of the olive agro-ecosystem,
and besides the spraying of the biocomplex to the crown, it includes the mowing of the soil during
February-April to eliminate the weeds where the juvenile instars of the insect vector reside, as well as
the regular and light pruning of the tree. The reduction of the vector population within the olive grove
is another fundamental aspect to effectively control the bacterium. The eggs of P. spumarius hatch
in February, and the juvenile instars inhabit weeds and herbs of the grove until the middle-end of
April, when they move to olive leaves to initiate the spreading of the bacterium within the grove [47].
Therefore, the period between February-April is critical to eliminate the immotile instars by removing
weeds and herbs using the mechanical mowing [48]. If this practice is regularly and timely performed
on a large-scale basis in an area, it could potentially eliminate the use of insecticides to reduce the spread
of adult insects during the following months. It should be stressed that weed removal is particularly
critical when the adults start to move from weeds to olive foliage (i.e., end of April-early May) [49]. In
addition, since this vector can spread the bacterium from May to October [49], soil tilling has been
observed as very effective also in strongly reducing P. spumarius adults on the ground vegetation
growing during the summer and autumn [50]. This last procedure, however, should be retained as
complementary to the fundamental weed elimination of winter and spring [50]. Weeds should be
removed also from hedges, ditches and walls often present in the olive groves. It is worth noting that
in cases of mild winter, adult meadow spittlebugs can overwinter on the wild plants [30]. In such
circumstances, an additional mowing carried out in winter seems worthwhile. It should be said that
some cultivated crops of Leguminosae family, such as Medigaco sativa, Trifolium spp. and Vicia spp.
are among the preferred plants for P. spumarius feeding [51]. Therefore, olive groves neighboring
these plant species should have particular attention paid to the removal of weeds, trying to avoid the
olive colonization from neighboring fields.

The regular pruning of trees is an important agronomical technique which allows the maintenance
of a good balance between the vegetative and productive activity of the plant. Mainly due to the
basic and simple requirements of the GAEC [52], however, this practice is performed in Salento every
4-5 years, inciting a premature aging of the tree and a risk due to the possible colonization of the large
wounds by pathogens. In addition, the severe pruning of century-old trees infected by X. f. subsp.
pauca, frequently causes trees to die in the following years [42,53]. To improve the use of the pruning
techniques, we are promoting an annual round for re-establishing a more correct management of trees.
This practice allows the elimination of exhausted twigs and branches, ensures a good airing of the
crown and reduces the alternate bearing, therefore, increasing the tree longevity [54].

The maintenance or the restoration of a good soil fertility is also retained which is important
to augment the effectiveness of the protocol. It has been, indeed, observed that the combination of
the spray treatments to the crown with the biocomplex coupled with the distribution of an organic
compound to the soil enhances the vegetative restart of the tree. It should be said that, in the last
decades, the practices aiming at enhancing and/or maintaining a satisfactory level of soil fertility have
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been rather neglected in Salento area. By contrast, a large utilization of herbicides as a common practice
in the olive groves has been observed [55]. The maintenance of specific microbial communities in the
soil is retained as important to contain pathogen attacks [56]. Additionally, for the OQDS, the soil
inoculation with a bio-fertilizer containing arbuscolar mycorrhiza fungi has induced a mitigation of
the symptom [57]. The regular and coordinated application of these measures could allow either the
maintenance of the healthy or the restoration of the partially diseased olive groves of Salento. It is
important to stress that to ensure the success of the control strategy, it is fundamental to apply all
of the measures we have described. There are many cases in the “infected” area, indeed, that single
olive groves that are starting to apply the protocol are surrounded by olive trees severely damaged
by OQDS, this representing a stable pathogen reservoir. It should be said, however, that when the
infection has already withered most of the crown, it is not possible to completely restore the tree.
Currently, we can describe three different examples. Firstly, there are farms that are practicing
the control strategy described above in the last five years. All of them are located in the “infected”
area, within the provinces of Lecce and Taranto. Collectively, there are approximately 450 ha mainly
planted with the local cultivars “Ogliarola salentina” and “Cellina di Nardo”. The tree ages range from
30 to more than 200 years old and the yield range, according to the classical olive trend of yield (i.e.,
alternate bearing), from 40 to 60 q.li/ha per year. The flowering and fruit setting were also relevant for
the century-aged trees. During the last years, the occurrence of twig die-backs were rare and most
of the trees did not show any symptoms. It should be stressed that the olive farms located in the
province of Lecce are all surrounded by dead or severely damaged trees (Figures 8 and 9). This fact
strongly reinforces the results obtained during our three-year study and would show that the consistent
application of the control strategy enables the trees to survive and produce even within an infected area.

Figure 8. An olive grove located in Nardo (Lecce province; coordinates: Lat. 40.187637; Lon. 17.987413)
that since 2016, is following the control strategy described in the text. It is located in the “infected” area,
and borders a territory with dead or very damaged olive trees.
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Figure 9. A comparison between non-treated (on the left) and a treated olive grove (on the right) located
in Otranto (Lecce province; coordinates: Lat. 40.138095; Lon. 18.467825) within the “infected” area.
It is evident to see the capability of tree restoration provided by the application of the control strategy.

The second case is represented by other farms located in the “infected” area within the provinces
of Lecce, Brindisi and Taranto, where trees affected by the bacterium have begun to recover during
one or two years. They are scattered on approximately 50 ha and are mainly planted with “Ogliarola
salentina” and “Cellina di Nardo” cultivars. The general age of the trees is over 60-70 years but there
are cases of farms with century-old trees. All farms showed extensive twig and branch die-backs and
various dead trees. In all cases, the dead plant part was removed and the farmers began to apply the
biocomplex during spring and summer. In this case also, the farms border areas characterized by
a relevant occurrence of X. f. subsp. pauca but the applying of the biocomplex promptly incited a
relevant sprouting.

The third case is represented by some farms located in the so called “containment” and “buffer”
areas north of the infected one. In such areas, there are cases of farms that began to apply the control
strategy upon the uprooting of infected trees and/or to prevent further infections. There are also cases
where farmers utilize the protocol as a preventive measure to avoid possible infection by the bacterium.

6. Conclusions

The control strategy herein described appears to be a working tool to control X. f. subsp. pauca
infections in Salento, and it can be adopted by farmers intending to safeguard the typical olive landscape
based on the local cultivars that represent the local heritage. The protocol has been thought to satisfy
the biological sustainability requirements of the agro-ecosystem by using an eco-friendly and low-cost
support as the biocomplex. The yearly amount of copper released in the environment by means of the
protocol application satisfies the current requirements aimed at avoiding the accumulation of copper
in the soil [58]. It has been, indeed, calculated that the yearly amount of copper and zinc released
by the six treatments in the soil is 0.06 ppm and 0.12 ppm, respectively. In addition, all practices are
cost-effective for farmers as the methods do not require expensive equipment and/or the purchase of
new tools. It has been estimated that the annual cost per tree for six spraying is about 3 euro; for the
typical olive farm of Salento that host about 100 trees/ha, the cost is about 300 euro/year. It should
be stressed that pathogens that have colonized woody crops are impossible to eliminate from the
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environment, even after intense eradication campaigns lasting many years as already observed in the
past in the case of Xanthomonas axonopodis pv. citri, the causal agent of citrus canker, in Florida and
Brazil [59,60]. A robust pathogen and vector control strategy coupled with widespread and regular
application of agronomical techniques could allow to restore, where it is still possible, the olive groves
of Salento. This approach would seem particularly useful since alternative strategies to restore the
affected areas show difficulties to be implemented by a large part of the territory.
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