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Abstract: The initial outbreak of Xylella fastidiosa subsp. pauca (Xfp) on olive groves in Salento (Apulia,
Italy) dates back to the years 2008 and 2009 when extensive twig and branch diebacks were observed
in the area of Gallipoli area (province of Lecce). Subsequently, the bacterium also spread northwards
to other areas of Apulia. In many cases, entire olive groves, also including the centennial ones, died.
After the crown collapse, in many cases, it has been observed that the suckers are resprouting at
the base of the trunk. After two to three years, such suckers usually died as well. However, during
the last four to five years, in the first Xfp outbreak area, a complete restoration of the crown of the
Xfp-susceptible cultivars Ogliarola salentina and Cellina di Nardo has been noticed. Such trees
or olive groves also started to yield again. To monitor this tree resilience phenomenon, together
with local non-profit organizations, a survey in the province of Lecce has been carried out to find
olive groves for which any curative or agronomical practices have been applied since the bacterium
outbreak. Resilient olive groves are scattered in many municipalities all over the province of Lecce.
The phenomenon regards both young and adult olive groves and also includes some centennial
trees. In many cases, the trees are yielding fruits, and farmers started to cultivate them again. Olive
resilience in Salento is already being studied and can represent a significant opportunity to restore
the local and valuable olive germplasm.
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1. Introduction

Xuylella fastidiosa subsp. pauca (Xfp) was reported in association with olive trees that
showed extensive declining symptoms in Salento, in October 2013 [1]. The area (i.e., about
8-10.000 hectares) where it was first observed was the one surrounding the municipality of
Gallipoli (Lecce province). The main symptoms included leaf and twig dieback, and branch
wilting followed by plant death. Some phytopathogenic fungi, such as Phaeoacremonium
spp- and Phaeomoniella sp., were also frequently found associated with symptomatic
olive trees [2]. The disease was named “olive quick decline syndrome” (OQDS), and
one year after its first report, a value was found of about 23.000 [3], mainly on the two
local cultivars Ogliarola salentina and Cellina di Nardo. During the following years, the
disease spread to a vast area of the province of Lecce, and, subsequently, it also reached
the surrounding provinces of Taranto and Brindisi. Currently, OQDS occurs in the whole
area of the province of Lecce, and relevant parts of Taranto and Brindisi provinces. It has
also reached the “Piana degli Olivi monumentali” (Carovigno, Ostuni, Fasano, Cisternino,
and Monopoli municipalities) which is characterized by a high number of centennial and
millennial olive trees, and the province of Bari [4].

Until some years ago, the olive trees that had not completely wilted as a result of the
Xfp attack often had numerous suckers growing at the base of the tree that usually survived
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a few years, and, subsequently, they died as well [5-7]. By contrast, during the last four
to five years it has been noted that, in some olive groves located in the areas of the first
Xfp outbreaks in Salento, including the Gallipoli area, the suckers formed a crown, and, in
some circumstances, the grower has pruned them to restore the shape of the tree as before
the Xfp outbreak. The phenomenon occurred either in young (i.e., up to 30-35 years old)
or adult groves (i.e., more than 35 years old), also including centennial trees belonging
to the susceptible cultivars Ogliarola salentina and Cellina di Nardo. Moreover, the trees
are flowering and yielding fruits. It should be stressed that such trees did not receive any
care upon the occurrence of the disease, so they were completely abandoned [8]. This
phenomenon shows the characteristics of “resilience”.

Resilience is described in humans, plants, and the environment. In humans, resilience
represents the strength to handle and deal with a problem, and to continue normally
through life [9]. Resilience refers to “the ability to cope with difficult, stressful situations
while maintaining or restoring normal functioning”. In ecosystem ecology, resilience is
defined as a “measure of the persistence of systems and of their ability to absorb change
and disturbance and reorganize while undergoing change so as to still retain essentially the
same function, structure, identity, and feedback” [10,11]. The phenomenon observed on the
susceptible olive cultivars previously infected by Xfp was totally unexpected since many
trees of Ogliarola salentina and Cellina di Nardo resulted in being completely desiccated
in the past [12], which prompted us to perform field surveys to ascertain its extension. A
recent article [13] describes the relationships between a resilience phenomenon observed in
an olive grove of the Lecce province and the re-programming of some tree lipid pathways
upon the first outbreak of Xfp that occurred in the area around 2009-2010 [8]. Jasmonic
acid and salicylic acid are involved in the resprouting of resilient trees. The resilience of the
site was ascertained through satellite imagery and the normalized difference vegetation
index (NDVI) (Figure 1) [13]. In this report, we show where the resilience of olive trees
previously severely damaged by Xfp is currently occurring in the province of Lecce.
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Figure 1. Normalized difference vegetation index (NDVI) trend assessed through satellite imagery
from April 2018 to September 2022 for a resilient olive grove located in Parabita (Lecce province).
The data have been compared with nearby visibly infected trees and with healthy ones located in
Taranto province. H: healthy olive trees; I: infected olive trees; and R: resilient olive trees. For each
condition of state health, an average logarithmic trendline was drawn to show the trend. Notice that
the NDVI value of the resilient trees is higher than that of the healthy ones during the last two years.
Reproduced from [13].
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2. Survey for the Observation of Resilience in Olive Groves in Salento

The criteria for defining an olive grove that is currently showing resilience towards
OQDS can be summarized as follows: (a) the olive grove must be planted with the local
susceptible cultivars Ogliarola salentina and/or Cellina di Nardo; (b) extensive symptoms
of OQDS (i.e., severe branch diebacks and collapse of the most of the canopy) were previ-
ously observed in the olive grove; (c) all the agronomical practices (i.e., pruning, herbicide
distribution, and soil tillage) performed before the occurrence of OQDS were suspended
upon the appearance of symptoms; (d) no cure to the tree (i.e., soil or crown fertilization
or spray treatments to the canopy with bactericidal compounds) was carried out during
the tree resprouting; and (e) the farmer is currently performing the renovation of the grove
through the sucker or canopy training. Such information was directly obtained by us, local
farmers, and by many associations of farmers and/or citizens who observed and claimed
the revitalization of olive trees during the last four to five years. This survey concerns
a vast portion of the province of Lecce. A map of Salento illustrating the municipalities
where the resilience of olive groves is currently occurring is shown in Figure 2. Such a
distribution should not be considered definitive since other examples of resilience could
have been unnoticed. Some examples of resilient olive groves observed in Salento are
shown in Figures 3-6. Such resilient olive groves where the farmer is newly training the
crop are neighbors to completely wilted and abandoned trees and sometimes represent an
oasis within a completely withered territory. In addition, there are examples of resprouting
trees still to restore a productive grove.

Figure 2. Mapof Lecce province that shows the occurrence of resilient olive groves. Red circles
indicate the municipality where these olive groves were noticed.



Agronomy 2024, 14, 2003 40f13

(A) s ()

Figure 3. Resilient olive groves planted with Cellina di Nardo and Ogliarola salentina as observed in
Lecce province in November 2023. (A) Parabita; (B) Alezio; (C) Tiggiano; and (D) Sannicola. The
olive grove of Parabita has been assessed for the first study on olive tree resilience in Salento upon
Xylella fastidiosa subsp. pauca outbreak [13]. In panels (A,D), the resprouting of new vegetation along
wilted branches is evident. Panel A refers to the study of Scala et al. [13].

Figure 4. Resilient olive groves planted with Cellina di Nardo and Ogliarola salentina as observed in
Lecce province in November 2023. (A) Nardo; (B) Maglie; (C) Diso; and (D) Spongano. In panels
(A,D), it is evident that the new crown was obtained upon the cutting of the main tree branches that
wilted upon Xylella fastidiosa subsp. pauca infection and the sucker resprouting.
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Figure 5. Resilient olive groves planted with Cellina di Nardo and Ogliarola salentina as observed in
Lecce province in November 2023. (A) Giuggianello; (B) Vernole; (C) Corsano; and (D) Giurdignano.
In panels (B,D), it is evident that the new crown was obtained upon the cutting of the main tree
branches that wilted upon Xylella fastidiosa subsp. pauca infection and the sucker resprouting.

Figure 6. Fruit setting in resilient olive groves planted with Cellina di Nardo and Ogliarola salentina in
Lecce province as observed in June 2024. (A) Nardo; (B) Galatone; (C) Giurdignano; and (D) Vernole.

From this survey, resilience is quite present in olive groves of Salento previously
showing extensive symptoms of OQDS. This phenomenon is very important for trying to
restore residual olive groves in the area heavily damaged by the disease, and to partially
save the typical olive agro-ecosystem. Of note, some of these resilient olive groves started
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to yield fruits. The production ranges from a few fruits per tree to some kg (i.e., 5-15 kg)
per tree. Some olive groves are just resprouting without fruiting.

3. Consideration of the Resilience of Olive Groves

The resilience of olive groves is a direct consequence of tree resprouting, a key response
to stress and disturbance widely recognized in woody plant species [14,15]. Upon stress,
biotic or abiotic, plants can react by activating internal physiological mechanisms enabling
them to maintain both plant viability and functions [16]. The resprouting occurs in the
meristematic tissues of apical, basal, and below-ground buds [14]. Relevant resprouting
has also been recently found in California in oak trees affected by the “sudden oak death”
disease, caused by Phytophthora ramorum, and such a survival strategy has remained
fundamental for the conservation of trees affected by the pathogen [17]. Resprouting has
also remained crucial in a global warming context since plant species capable of reacting
to severe stress, such as prolonged drought, show more possibilities of recovering when
compared with non-resprouting species [18].

Resilience found in olive groves previously severely attacked by Xfp deserves fur-
ther in-depth studies aimed at investigating both the plant molecular and physiologi-
cal/anatomical changes in progress that are in relationship with the phenomenon. Of note,
preliminary observations carried out on some resilient Ogliarola salentina and Cellina di
Nardo adult trees of Salento indicated that Xfp is still present within the canopy and does
not show any visible sign of infection (i.e., no apparent OQDS symptoms). The average
Xfp concentration, indeed, ranged from 10* to 10 CFU/mL [13,19] (Figure 7), with the
latter concentration usually related to symptomatic trees [20]. So far, we can only discuss
the predisposing factors that may have incited the severity of the infection and, after the
abandoning of the groves, the potential causes that have induced the resilience. In Figure 8,
some aspects have been summarized that could have had a role in promoting a high
incidence and severity of OQDS in olive groves in Salento.
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Figure 7. Boxplot representation of quantitative PCR quantification of Xylella fastidiosa subsp. pauca
within the crown of infected (I) and resilient (R) olive trees. In the left panel are the reported results of
six trees of cultivar Cellina di Nardo; in the right panel are the reported results of six trees of cultivar
Ogliarola salentina. Data are expressed as CFU mean + S.D. (* p < 0.02, R vs. I). I: indicates olive
trees symptomatic and positive to X. fastidiosa subsp. pauca; R indicates positive to X. fastidiosa subsp.
pauca and resprouting olive tree. Reproduced from [13]. Notice that the cell concentration of the
bacterium is even higher in the resilient trees than in the infected ones.
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Figure 8. An overview that illustrates some predisposing factors, phytopathogens, vectors of Xylella
fastidiosa subsp. pauca, and environmental consequences all acting on olive groves of Salento be-
fore and during the decline syndrome of olive trees. a: immature conidiomata of Neofusicoccum
mediterraneum; b: mature conidiomata of N. mediterraneum excluding masses of conidia.

Among abiotic factors, repeated summer droughts accompanied by high air tempera-
ture and hot winds, frost events, and excess precipitation that occurred over a short time
on a limited surface are all present during the last decades in the Salento area and may
have contributed to promoting physiological stress to the olive groves [21-23], so that the
trees may have resulted in becoming weaker to the bacterium attack. Soil waterlogging for
some consecutive days caused by an excess of rain establishes a condition of hypoxia in the
soil, and, consequently, in the roots. Hypoxia causes a switch from aerobic metabolism to
anaerobic metabolism, which induces fermentation to satisfy energy requests. Prolonged
waterlogging causes the accumulation of toxic compounds such as lactic acid, alcohols,
aldehydes, and other anaerobic metabolites, which can also lead to plant death [24]. In
addition, the microbiota composition of the soil shifts towards detrimental anaerobic mi-
croflora [25]. Drought causes a decrease in leaf water content and an associated reduction
in photosynthesis [26]. Moreover, an increase in xylem cavitation can be observed, which
can cause embolism and the interruption of water transport from the root to the canopy [27].
During drought, there is a marked reduction in nutrient uptake within the plant, resulting
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in reduced yield, fruit dry mass, and oil accumulation [28,29]. Ethylene might inhibit plant
growth under drought conditions, as it is involved in leaf abscission [30].

During the last four to five years, such stress events have not disappeared (Figure 9) [31],
and, consequently, the resilient trees were capable of facing them and re-starting growth, as
well. The insect vector that is transmitting Xfp, namely Philaenus spumarius, is still spread
in the whole Salento territory, and, according to the Xfp cell concentration found in the
resilient trees [13,19], it can suck the bacterium from the olive foliage, other than from the
wild flora, and continue to transmit the inoculum in the areas where the resilient trees are
located. However, the abandoning of the olive groves resulted in a higher density of wild
vegetation during the whole season. This change might have attracted the vector in the
cover crops more than the olive leaves, thus reducing the times that the bacterium has been
introduced into the leaves.
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Figure 9. Number of days in which maximum temperatures reached values < 30 °C and >30.1 °C in

the period of July-August in Galatina (Lecce province) and in the time span of 1989-2023. Dashed
lines are the trend lines. Reproduced from [31].

Recently, the occurrence of some Botryospheraceae fungi has been observed, namely
Neofusicoccum spp., and Diplodia seriata widely spread in Salento, frequently associated
with the bacterium in the same olive tree and showing a relevant aggressiveness to olive
trees [31-33]. The occurrence of such fungi, which cause symptoms very similar to those
incited by Xfp, could have further caused twig and branch wilting in the trees already
infected by the bacterium [34]. This additional biotic stress factor is also present in the area.
The occurrence of such fungi also in the resilient olive groves is under study. So far, we can
say that such fungi are favored by drought and high temperatures during summer and that
they are very frequently found in olive trees of the Salento area also infected by Xfp [31-33].
Resilient trees have also faced such stress in a way that is still to be fully understood.

Among the agronomic practices that have been abandoned upon the Xfp outbreaks
and spread in the olive groves in Salento, there is the distribution to the soil of herbicides.
This practice was very frequent in the territory during the last decades [35], with an average
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of three distributions per year [36]. The repeated distribution of herbicides can cause some
modification in the macro- and microelement content of the soil [37]. A study, performed
in an olive grove of Salento, aimed at verifying the trend of soil macro- and microelement
content upon two consecutive years of glyphosate distribution, ascertained a statistically
significant increase in phosphorous content, and a statistically significant decrease in
magnesium and nickel content [38].

The increase in phosphorous content upon glyphosate distribution, indeed, is well
known [39] since glyphosate—phosphorous is converted in the soil to phosphoric acid or
phosphate ions [40]. The regular utilization of glyphosate for weed control over many
years can pose some risks for the olive groves, especially in sandy soils that generally
show a lower capacity for buffering the herbicide degradation, to potentially induce
phytotoxicity [41]. In addition, the increase in phosphorous content can go unnoticed
by the grower that, by adding the required amount of this macroelement for the yield
through the yearly fertilization, could incite some toxicity. Of note, indeed, the addition of
phosphorous could re-mobilize residues of glyphosate; this potentially induces significant
phytotoxicity [42]. An excess of phosphorous in olive, indeed, can cause disturbance in the
absorption of zinc, copper, manganese, and iron [43,44]. High levels of phosphorous can
also negatively interfere with the normal mycorrhizal growth [45].

The decrease in magnesium content in the soil that follows the glyphosate distribution
has been already observed [46]. This can lead to a significant reduction in absorption
and translocation of this macroelement within the plant [47], to a consequent reduction in
growth [48], and to an increase in disease susceptibility of the crop [49]. Such a content
reduction has been observed in tissues of different plant species [50,51]. A deficiency of
magnesium in the plant can lead to a reduction in chlorophyll biosynthesis, inhibition of
sucrose transport, alteration of nutrient uptake, and secondary metabolism [52,53]. The
glyphosate distribution can also cause a reduction in nickel content in the soil [54] due
to the well-known chelating activity of this herbicide [55] which also concerns this mi-
croelement [56]. Nickel is an activator of metalloenzymes such as urease which hydrolyzes
urea in plant tissue, and it is also involved in the degradation of methylglyoxal, a potent
cytotoxic compound [57,58]. The depletion of nickel, by reducing the antioxidant activity
of the plant cell, could reduce the resistance to stressful situations [58].

Nickel is also fundamental for nitrogen assimilation, and its depletion can cause
reduced plant growth and senescence [59]. Nickel deficiency can also cause a reduction
in the symbiotic hydrogenase activity in Rhizobium leguminosarum that can, consequently,
negatively affect the symbiotic nitrogen fixation [60,61].

The distribution of herbicides for killing the weeds and for preparing the olive groves
for the harvest could have also favored soil compaction through the repeated passage of
machinery. Soil compaction reduces soil porosity and aeration, and soil hydraulic proper-
ties; this leads to reduced water availability for the root system and a higher possibility of
soil erosion [62]. Such a scenario can ultimately lead to a decrease in nutrient availability,
water uptake, root growth, and rooting depth [62].

These features might have had some implication for the tree resilience since after
some years of herbicide disposal and the abandoning of any soil agronomical practice
(i.e., tillage); the soil could have naturally increased the organic matter content and the total
nitrogen content [63], thus promoting the tree resprouting. In addition, repeated herbicide
distribution significantly altered the composition of soil microbiota [64]. Moreover, it has
been observed that over a period of 17 years, the soil of an olive grove cultivated according
to a sustainable approach, which does not include herbicide treatments, is characterized by
beneficial bacterial communities that colonize the xylem and promote protective functions
for the tree [65]. The abandonment of any cultural practice also implies that local wild flora
can grow for years without any disturbance. Such conditions can promote high bacterial
biomass with a vast array of different functions beneficial to the tree [66].

The herein-discussed abiotic factors that currently act on the resilient olive groves can
be framed within the climate change scenario for which the resilience of plants should be
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enhanced [67]. Among the general negative effects that climate change (i.e., drought, hot
temperatures, and excess of water) can impose on plants, there are physiological alterations
(i.e., increased transpiration rate and reduced net photosynthesis rate), morphological alter-
ations (i.e., shoot growth inhibition, leaf senescence and abscission, and inhibited growth
root), metabolic alterations (i.e., alteration in nitrogen and carbohydrate metabolism and
production of reactive oxygen species), and reproductive alterations (reduced crop growth
rate and fruit set) [68]. Some potential proposed solutions to achieve resilience in crops
could be a better understanding of agronomical techniques to conserve soil water, organic
matter, and beneficial microorganisms, providing specific crop microbiota to promote
tolerance to stress, improving phenotyping for the identification of genes responsible for
resilient traits, and improving research to understand signaling in molecular pathways
related to resilient traits [68].

Resilience in the Salento area is a remarkable phenomenon that is currently character-
izing olive groves previously severely attacked by Xfp. In this area, many municipalities
host olive groves that show a good vegetative status by showing no or very little sign
of infection (i.e., leaf and twig dieback). This phenomenon was not predicted upon the
occurrence and spread of the bacterium in the area but now deserves further analyses to
find out the reasons for such unexpected resilience. Resilience can be a strong factor that
can allow for the recovery of the local olive industry.
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