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Premise
The work carried out in this phase concerns a part of the complex of activities that make up the service
in question. In particular, in the context of the first 60‐day period, the activities relating to the following
points of the service were carried out:
1. cognitive analysis of the presence of alien pests and of Philaenus spumarius L. in pilot area 2 of
the BEST project, as referred in art. 1 point 1 of the invitation letter;
2. proposal to identify at least 6 agronomic macro‐areas of study, as referred in art. 1 point 2 of
the invitation letter;
3. preliminary definition of the monitoring plan, as referred in art. 1 point 2 lett. a) of the invitation
letter.
The following section provides a detailed description of the work carried out, how the service was
performed and the results obtained. The nature of the phase completed, consisting of preparatory
activities, presupposes that the results obtained are subject to discussion with the contracting authority
and therefore subject to possible and reasonable modifications and additions.
The primary activity on which the working group focused was the cognitive analysis (1), carried out with
a bibliographic and historical‐documentary research. Zoning (2) is based on the study of the
bibliography described below and on a reasoned analysis of the highlights that led to the spread of
bacterial diseases in Salento and its climb along the regional axis. The results of this activity, although
subject to modifications and integrations during the course of the service offered, constitute a first
tangible output on the basis of which the monitoring plan is set up (3). The subsequent phase of
identifying the 18 areas to be sampled will accompany the further specification of the plan. It is
important to emphasise that the details of the areas to be sampled within the identified macro‐areas
and the specification of the sampling methods in each of them will be the subject and focus of the
subsequent work phase.
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1. COGNITIVE ANALYSIS
Cognitive analysis of the presence of alien invasive insects and the Philaenus spumarius L. in
the pilot area 2 of the BEST project, through bibliographic analysis, historical ‐ documentary
and/or previous studies;

The bibliographic, historical‐documentary analysis and previous experience suggest several
interesting species indexed below. Among these, we concentrate our activity in pilot area 2 of
the BEST project on 1) the presence of Philaenus spumarius (Ps) and other candidate Xf vectors,
2) three species chosen from among the alien invasive insects listed below, as well as on a
useful hemipteran of North American origin. Species on which we focus the project are in bold:
Hemiptera:
a)
b)
c)
d)
e)

Philaenus spumarius & Altri candidati vettori Xf
Macrohomotoma gladiata
Toumeyella parvicornis
Aleurocanthus spiniferus
Zelus renardii
Coleoptera

f) RPW
g) Aclees cribratus
h) Scyphophorus acupunctatus
Diptera
i) Drosophila suzukii
j) Bactrocera dorsalis
Specifically, we will the bibliographical, historical and reference analysis by accessing the CAB
Direct + Archive with coverage from 1910 to the week of the research. There will be two search
strategies: 1) conventional search by imputing “alphanumeric strings” in the “basic search”
mode, and 2) transgressive‐regressive search based on citation descriptors. The two strategies
will also dig the bibliographic references nested within the CAB references, the references
derived from strategy (1) performed on Google Scholar search engine, and within a personal
repository of subject bibliography. Finally, we will also explore the data repositories mentioned
in step 15 of strategy (2)

.
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1.1 Steps in implementing and executing the search strategy
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Previous studies on invasive alien organisms suggest the writer’s expertise. The shortlist below
includes publications of interest for the project.
The bibliography also published by the writer deals with most if not all polyphagous and
invasive insects, including aliens, which have had and still have a significant direct or indirect
impact in Apulia. The organisms join into three homogeneous groups: (a) Xf candidates and
vectors, including Philaenus spumarius; (b) invasive weevils, represented by Rhynchophorus
ferrugineus: the red palm weevil; and Aleurocanthus spiniferus, the Orange Spiny Whitefly. The
published deals with the species at a national level and a global rank: both available species
and studies are equally relevant in Italy and Greece, per the project target. Although limited in
time, the project activity runs to confirm or refute particular results obtained in previous
experiments. In this way, a limited and parcelled project will have international resonance,
particularly in the INTERREG BEST perspective.

1.2 The sampled species: motivations and operational details
This paragraph contains a summary of the reasons which, according to the literature consulted,
have led to the evaluation of the species under investigation, as well as direct indications on
behavior, habitat and host plants, which can condition the sampling, its setting, the operational
methods and in the interpretation of the expected results.
The species suggested within the project are grouped into two classes. The first class contains
three species identified to be (1) widely polyphagous (Aleurocanthus spiniferus Quaintance
1903, Aleurocanto), or (2) oligo/monophagous (Macrohomotoma gladiata Kuwayama) on
plants present in different cultivated, peri‐ and urban, and protected habitats but widespread
throughout the Puglia region. The third species (Zelus renardii Kolenati) is a predator and
antagonist of the two phytophagous species and was chosen and placed in the same class for
its frequentation of plants dependent on the presence of prey species. The first three species
will be sampled by taking infested plant parts. The second class contains a species, the Red
Palm Weevil, monophagous and with a great dispersal capacity that we intend to capture with
traps suitably primed with pheromones. The sense of this assortment is to be able to evaluate
comparatively the presence of species somehow connected to their host plants or prey, in this
way we will evaluate the expected.
The red palm weevil, on the other hand, which will be attracted is captured in special traps only
because of the lure offered by the pheromone, offers catches depending on the environmental
availability: since the attractant is synthetic and not plant or environment‐dependent. In other
words, we will evaluate the presence of species connected or not to the context in which we
will operate the sampling. Another aspect suggesting the choice of species is the timing of their
arrival in Italy. In fact, the red weevil arrived in our country many years ago and has exhausted
its food resource, the Canary Island palm, while the Macromotoma and the Aleurocanto
arrived a few and several years ago respectively, without having significantly affected the basin
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of their host plants. Furthermore, the combination of the time of arrival with the oligophagy
of the Macromotoma or the polyphagy of the Aleurocanthus offer us additional keys to
interpretation in combination with the characteristics of the study biotopes. We will, in
addition, be able to assess the impact of Zelus on the entire sampling context. Reduvid is an
active predator of Macromotoma, but is much less effective on Aleurochantus.
Comparing the values of the found on samples collected at the different study locations will
make it easy for us to understand to which of the mortality factors to ascribe the presence of
survivors of the phytophagous species. Differences in values will be weighed through
evaluation of the action of antagonists that will tell us about the impact of geographic location
on the presence of this or that insect studied. In general, we expect to get the best indications
from Aleurocanthus: because it is present in both cultivated, urban and peri‐urban habitats,
and in protected areas. Intermediate indications restricted to urban areas will originate from
the sampling of Macrohomotoma that mainly infests ornamental ficus in large and small urban
aggregates in Apulia. We will use the capture data of the Weevil as an outgroup: that is, as
capture data of a species that spreads over such a large distance that it can be considered
independent of its host plants. The red palm weevil will tell us if there are more than territorial
reasons for the absence of the other three insects in the areas studied. If, therefore, we find
the red palm weevil but not the other species, it is not the environment which is hostile to the
presence of the insects but only to the presence of those insects not found. If, on the other
hand, we do not find an insect bark beetle, we can think that we are in an area which, for some
reason (e.g. exasperated use of pesticides), is repellent or generally rejected by insects or other
arthropods.
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2. ZONING
Proposal for the identification of at least 6 agronomic macro‐areas of study, as referred to
art. 1 point 2 of the invitation letter;
2.1 Methodological approach
The reference framework in which the proposal to identify the 6 agronomic macro‐areas of
study is based is represented by the identification, analysis and monitoring of alien pests
and Philaenus spumarius L. , vector of Xylella fastidiosa , present in the pilot area of action 2 of
the BEST project (which includes the areas of the regional territory affected by the effects of
Xylella). The service as a whole is aimed at analysing the entomological aspects. It is therefore
believed that the specific objective of the analysis relating to point 2 of the service concerns
the subdivision of the territory of Southern Puglia into homogeneous areas also through the
use of remote sensing systems, useful for detecting the aspects that influence the spread of
entomological species. The macro‐areas of investigation must be identified within the
agroecosystems present in the territories affected by the phenomenon of the spread of Xylella
and uniformly distributed in each of the areas (infected, containment and buffer), as reported
in the relative official cartography of the Apulia Region available at:
http://webapps.sit.puglia.it/freewebapps/DatiFasceXF/index.html.
The approach followed for zoning is the multi‐criteria analysis which allows for the
schematization and simplification of complex problems using a standardized methodology with
a succession of consequential phases. The aim of such a working scheme is to set the analysis
from a logical point of view (framework, criteria, indicators) and to translate the settings of the
analysis system into operational choices (calculation methods, aggregation, weighting,
normalization, classification). The methodological approach is thus expressed in a cascade
process highlighted in the following steps:







Study of the procedural logic framework.
Identification of the most appropriate criteria to breaking down and simplifying the
object of the analysis.
Identification of the indicators that best explain the concepts underlying the chosen
criteria.
Calculation of indicators. In particular, this phase includes the choice of data sources, the
choice of analysis format and geographic scale of investigation and the choice of spatial
analysis tools for converting data into indicators.
Analyses. The final stageleading to zoning.
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2.2 Methodology
In consideration of the previous studies and the spreading of Xylella fastidiosa in the territory
under examination, the zoning analysis will be structured to highlight some important
distinctive elements of the agroecosystems identified in the area in question. According to the
proposed cascade scheme, the observation of the context of analysis and of the literature leads
to the identification of specific criteria, in turn measured by indicators that will flow into a
clustering / grouping analysis capable of identifying the 6 macro‐areas on which to proceed
with the implementation of the monitoring plan for the insect Philaenus spumarius and other
candidate Xf vectors, Macrohomotoma gladiata, Aleurocanthus spiniferus Zelus renardii, Red
palm weevil.
The question to be answered for the creation of homogeneous territorial classes in order to
prepare the entomological monitoring plan is: what influences the dynamics of the
distributions of the species considered? The answer to this question lies in the observation of
how the landscape of complex agricultural contexts interacts with the biological sphere. The
analysis of the bibliography has led to consider the aspects that show the greatest relevance in
relation to the preparation of this type of analysis: landscape, territory, agronomic context,
crop management.
In particular, landscape composition can influence two main components that dictate animal
species distributions: habitat suitability and habitat connectivity. Agricultural landscapes, for
example, are often mosaics of land cover types that can provide some important functional
aspects such as feeding, movement, and shelter (Youngquist et al. 2021).
For the purposes of zoning, the particular characteristics of agriculture and specifically of olive
growing found in the areas originally affected by the spread of the bacterium require
consideration of the cultural and landscape aspects found in the area. In fact, the area of
Salento initially affected by Xylella in 2013 denotes some particular features, including: almost
monoculture management of the territory; extensive olive groves with little and insufficient
crop care; moderate complexity of the agricultural landscape dictated by the presence of
boundary elements, especially dry stone walls. The choice of criteria and indicators starts from
these considerations, including those that make it possible to evaluate these aspects.
In the first place, the importance of a geostatistical approach to the subject is to be confirmed.
The spread of insect vectors causing Xylella fastidiosa has been the subject of studies that have
led to models and approximations on the spread on the territory affected by the disease. The
geostatistical approach used by Castrignanò, A. et al., 2021 albeit at the level of a single field
of olive trees combines data from remote sensors (radiometric) and proximal (geophysical) and
visual inspections with plant diagnostic tests, to provide probabilistic maps of the risk of
16

infection by Xfp. It is unquestionable to think that moving from the micro (agricultural field) to
landscape scale, the parameters to be used must be different.

Figure 1 example of a flowchart used to structure an Xf. diffusion prediction study using a
geostatistical approach (Castrignanò, A. et al., 2021)
In fact, the spatial configuration of habitats in a landscape patches matrix can determine
whether or not vectors spread across an area (Baguette and Dyck 2007)].
Some studies have also investigated the connectivity functions of the landscape that can
significantly affect the biology of the animal. (Pascual‐Hortal and Saura 2006) The issue of
landscape connectivity on the current pattern of species distribution is explicitly addressed in
many recent studies (Hartel et al. 2010; Ribeiro et al. 2011; Schivo et al. 2020). Species
distribution is often assessed in correspondence with habitats characterized by a dominant
anthropogenic presence, such as that of rural Salento, which contributes to their
fragmentation and frequent and consistent land‐use changes.
Reduced connectivity in fragmented agricultural landscapes may explain why species do not
occupy all possible suitable areas for their development. In highly modified landscapes, it is
necessary to understand how landscape connectivity and the availability of suitable habitat
interact to understand the actual distribution and prepare proper management measures
(Brown and Kodric‐Brown 1977; Fahrig 2003; Keyghobadi 2007).
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Results from a 2019 study (Santoiemma et al 2019) suggest that management of agricultural
landscape mosaics can drive the spatial distribution of P. spumarius. In particular, landscape
composition in the immediate vicinity of olive groves can potentially influence the likelihood
of emergence of local X. fastidiosa epidemics through its effects on spatial distribution and
vector activity. In this regard, the role played by border areas and field division elements
assumes a very important role.
Farmland management practices play a significant role in determining habitat suitability for
animals. In particular, a 2019 study led to the identification of pest management strategy based
on adaptation, timing, and tuning of available control actions (Fierro, A., et al., 2019). It is
known that some agronomic practices attributable to a different level of cropping intensity are
able to predispose the spread and manifestation of the disease on plants. Among the factors
that most predispose to the disease, it is possible to include the susceptibility of local cultivars,
the depletion of some micronutrients in the soil that could be related to some agronomic
practices that favor the depletion of soil fertility, an incorrect pruning cycle, climate changes
that lead to an increase in soil water stagnation, and frost and drought events (Scortichini,
2020). Similarly, it is easy to hypothesize that some agronomic practices and specific tillage
(weeding, mowing, plowing) may affect insect populations in the vicinity of host plants.
According to an analysis based on numerical simulation, the removal of an adequate amount
of infesting biomass (reservoir of Xylella fastidiosa) from olive groves and surrounding areas
was found to be the most efficient strategy to control the spread of the disease (Brunetti, M.,
2020). This helps to strengthen the hypothesis that proper agricultural management can
contribute to modifying the connectivity and fragmentation of the ideal habitat for the insect
vector.
In a 2021 study, the efficacy of three different land cover management practices in controlling
vector populations in olive groves in the Abruzzo region (central Italy) was tested. It compared
tillage (two tillage in spring followed by two cuts in summer), frequent mowing (four cuts from
spring to summer) and a control (two cuts in summer) by sampling vectors in both soil
vegetation and tree canopy. In late spring, after the peak population, tillage reduced P.
spumarius density by 60%, while frequent mowing reduced density by only 20% compared to
control plots. Furthermore, treatments had the same effect on vector density in both ground
vegetation and tree canopies. (Sanna, F. et al., 2021). In other studies, the concentration of
host plants, namely olive trees, is taken into account. In the study of White et al. (2014) the
dynamics of infection validated through field data is then correlated to the kernel density of
dispersal and distribution of host plant species throughout the region. Such density is often
associated with low cultural diversity in the landscape matrix.
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Of particular importance is also the health status of the vegetation considered, also in function
of the temporal development of the disease. In the olive groves from Salento to Basso Barese
in the period between the years 2013 and 2021 it was possible to witness a different speed of
spread also triggered by particular environmental, landscape and agronomic conditions.
Although the characters previously mentioned can be found in many areas of the Apulian
territory, the development of Xylella starting from circumscribed outbreaks located in the
south of the territory under examination has led to differentiate even similar areas because of
the natural temporal development related to the spread of the disease from year to year
among the fields of Salento.
Finally, the analysis of the consulted bibliography revealed a remarkable dependence of insect
populations on climatic and microclimatic variations. The climate of an area can be expressed
in terms of precipitation and temperature. In a more complex way, it also involves different
manifestations such as daily and seasonal temperature ranges or even the extent and intensity
of the dry periods of the year. A spatial variable able to capture at least in part the climatic
differentiation of the territory is represented by the altitude. It, together with the values of
exposure, latitude and longitude, is able to capture with approximation some aspects of
climate. The following climatic map, for example, shows how the subdivision into
homogeneous areas under the climatic profile substantially follows the differentiation of the
territory in altimetric areas identified by the contour lines

Figure 2 A classification of the territories of southern Apulia according to climate.

19

The criteria identified in order to zone the area therefore correspond to the state of health,
the complexity of the agrarian landscape and crop specialization. The indicators help to
evaluate the fulfilment of the identified criteria, allowing a quantitative measurement of the
same. Five indicators have been identified: 1) NDVI, 2) Intensity of cultivation, 3) Cultural
diversity, 4) Elements of the agricultural landscape, 5) Elevation.
1) NDVI. The vegetation index of the normalized difference is the main satellite indicator of the
presence of vegetation on the earth's surface and its evolution over time. The index is
calculated starting from satellite images produced by sensors that acquire in the red (R: 0.7
µm) and near infrared (NIR: 0.9 µm). It assesses the presence of photosynthetic activity, as it
relates the spectrum of red, in which there is absorption by chlorophyll, and that of the near
infrared in which the leaves reflect light to avoid overheating. Index values are typically
between ‐1 and +1. The presence of vegetation assumes values greater than 0.2.
The index is calculated with the formula shown here:

During particularly dry periods, the NDVI is used as a distinctive indicator since, in the event of
water stress, the plants reduce the photosynthetic activity, thus decreasing the value of the
index. In the context of the analysis of zoning, the NDVI is representative of the state of health
of the olive groves, therefore it is believed that it may be able to differentiate areas that have
been affected by Xylella at different times.
2) Crop Intensity: it is a dimensionless index that represents the intensity of the cultivation of
olive groves. The intensity of agricultural land use in the literature (Turner, BL, & Doolittle, WE
1978; Temme, AJAM, & Verburg, PH 2011; Teillard, F., et al. 2012) is usually referred to the
level of land use inputs (water, mechanization, fertilizers and pesticides). The greater the
application of inputs, the higher the level of intensity of agricultural activity in those farming
systems. The indicator is the result of the aggregation of multiple indicators obtained by
interpolating the point data of the Italian Agricultural Accounting Network, including the use
of fertilizers and pesticides, the use of irrigation water and the hours of machine work per
hectare. The data of the Agricultural Accounting Information Network, RICA, updated annually
by CREA (Council for Agricultural Research and Analysis of Agricultural Economics) provide
useful information on the location of the companies under investigation and the indication of
the levels of each of the inputs included in the analysis for each crop. On the other hand, the
original datum has the defect of being a precise datum relating to aspects that are also very
different from each other. This requires the treatment of the source data with appropriate
normalization, spatialization and aggregation operations.
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3) Crop diversity: it is an index that represents the diversity of the agricultural landscape and
returns a quantitative and measurable value of the presence of an agro‐ecomosaic identifiable
with a sustained diversity of the crops present in the unit of analysis. The richness of the agro‐
ecomosaic can be calculated starting from a diversity index. The Shannon diversity index
(Shannon and Weaver, 1949; Magurran, 1988; McCarigal and Marks 1995; Turner et al., 1989,
2001) is able to measure the diversity of the agricultural landscape in terms of agro‐ecomosaic
richness. Furthermore, it exhibits moderate discriminating ability and dependence on sample
size. The higher its value, the greater the degree of diversity recorded in the unit of
analysis. The Shannon index presupposes the selection of the crop typology classes to be
included in the diversity analysis and the knowledge of the incidence of the surface of each
class with respect to the total of the reference unit. The formula used to calculate the index is
as follows:

where:
C: constant equal to 1;
Pj: percentage incidence of the surface of class J with respect to the total;
s: number of classes of crop types
J: J‐th crop typology class
4) Density of agricultural landscape elements: it is an index that returns an indication of the
complexity of the agricultural landscape. Corresponds to the normalized relative value of the
length of the elements of the agricultural landscape including: dry stone walls, hedges, rows of
trees. The structural elements considered are in fact relevant aspects of agriculture in the area
as they represent, in a territory with a prevalent agricultural use, ecological corridors that are
decisive for shelter, search for food and for movement of wild animal species, as well as
important ecotones for wild plant species. The density of the elements on the surface unit is
an indicator capable of capturing any differences in the characterization of the agroecosystem
and represents, quantitatively, the capacity of the agricultural territory to provide benefits
deriving from the presence of these ecological corridors.
5) Elevation: it represents the average height upon see level of the olive groves. It is calculated
starting from the Digital Terrain Model of the Apulia region. Altitude is an objective physical
aspect of the territory, often used in land suitability or zoning studies as a proxy of the
topographical complexity of the areas studied. The data base is therefore represented by a
raster cartographic layer which represents the elevation of the territory with a resolution of 20
meters.
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With reference to the indicators described, it is important to clarify the issues related to the
modality of execution of the processing necessary for their calculation, with particular
reference to the method of restitution of spatial data, to the territorial scale to which to refer
the analysis and to the information base of the basic data. The aspect concerning the modality
of restitution of the data (set as a decisive constraint the use of geo‐referenced spatial data)
conditioned the choice of the calculation methods to be carried out in the GIS
environment. This is a crucial step in the preparation of the methodology. In this regard, it is
useful to remember that the result of the calculation of indicators on a spatial basis can be
returned in raster format (for which it is necessary to choose the dimension of the elementary
reference cell = elementary unit of analysis) or vector (for the which is necessary to make a
choice on the elementary figure of reference: parcel, map sheet, homogeneous districtsunder
the cultivation profile, farm, municipality). Each of the two outputs has its pros and cons,
appropriately evaluated both for the effect they have on the analytical choices, and on the
outcome they may have regarding the use of the results for technical‐scientific or political‐
programming purposes. The choice made for the zoning of the areas affected by the spread of
Xylella therefore fell on the use of raster data for the calculation of the data, while the
indicators were subsequently calculated by attributing the average data of the individual
indicators to each of the polygons of cartography Corine Land Cover 2011 Puglia IV Liv. selected
according to the land use class code 223 corresponding to olive groves.
Sources of data:
 Sentinel‐2 multiband satellite data
 FADN database
 Puglia regional technical map
 Corine Land Cover 2011 Puglia IV Liv

As far as the initial data base is concerned, the need to identify a dynamic and at the same time
expeditious tool that does not involve high investigation costs has led to the use of Sentinel 2
satellite data from the European Copernicus (ESA) project. Sentinel 2 data are multispectral
data with a maximum resolution of 10 meters, temporal update every 5 days, completely free
of charge, obtaininable through dedicated platforms and total coverage of the earth's
surface. Multispectral maps of portions equal to 100 square kilometers of the earth's surface
are obtained through the QGIS SCP (Semi Automatic Classification) plug‐in. For the purposes
of the survey, it is appropriate to choose the most recent satellite images without cloud cover,
corresponding to the dry period of the year in order to minimize the interference of
spontaneous or associated vegetation with olive groves. This favors a clearer calculation of the
NDVI value. The maps corresponding to the spectral bands of the near infrared (B08) and of
the visible red (B04) were used for the calculation of the NDVI on each cell with a resolution of
10 meters. The polygons of the olive groves deriving from the selection of the class 223 Corine
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Land Cover 2011 IV Liv. were subsequently overlayed with the aforementioned raster and
thanks to the implementation of the zonal statistics it was possible to assign each polygon the
average NDVI value of the underlying cells.
The calculation of crop diversity took place starting from the classification of the Salento area
obtained through a 2018 processing of Sentinel 2 images which made it possible to distinguish
with 10 meters resolution of 7 macro classes of land use. The classes included in the study of
agro‐ecomosaic, with the exception of the areas identifiable as "Built‐up", therefore
correspond to: Arable land, Pastures, Woods, Tree crops, Vineyards and Water. These are
subsequently subject to aggregation and percentage normalization in order to proceed with
the calculation of the Shannon index. The higher the index, the higher the degree of diversity
recorded in the unit of analysis. The value attributed to the olive groves corresponds to the
average of the Shannon value of the cells underlying the polygons of the class 223 Corine Land
Cover 2011 IV Liv.
The analysis of agricultural systems through FADN databases[1] has several peculiarities. The
data of the Agricultural Accounting Information Network, RICA, updated annually by CREA[2]
they
provide useful information about the location of the companies covered by the sample
survey. These data are subject to regular updates although it is possible to note the possible
non‐representativeness of all the existing agricultural systems. The use of FADN microdata
requires a first phase of georeferencing and aggregation on a farm basis of agricultural input
data by crop type and subsequently an interpolation that returns a continuous data of the use
of inputs on the agricultural territory investigated. The data are first refined by removing the
outliers and subsequently spatial interpolation is carried out using the Inverse Distance
Weighted technique, in order to obtain a continuous prediction surface. The result consists of
aggregated maps of the use of agricultural inputs for each crop type. The map concerning the
intensity of cultivation of olive groves is subject to normalization on values between 0 and 1
and subsequently the value attributed to the olive groves polygons corresponds to the average
of the cultivation intensity obtained thanks to the application of the zonal statistics on the
polygons of the class 223 Corine Land Cover 2011 IV Liv.
The starting data used to calculate the density of the agricultural landscape elements are
represented by the Regional Technical Cartography in which the linear elements (dry stone
walls, hedges and rows of trees) of the agricultural landscape are highlighted. The vicarious
nature of the elements of the agricultural landscape requires the choice of a compensatory
aggregation method of the density indices of the individual elements included in the analysis
as it is presumed that on each portion of the territory there is an abundance of at most one of
the elements considered. First of all, the isolation of the elements subject to spatial analysis is
carried out and the density is calculated with the “line density” technique, a technique that
returns a value in meters on the chosen surface unit, corresponding to 1 square kilometer. The
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values obtained are subsequently normalized to values between 0 and 1. The value attributed
to each olive grove finally corresponds to the average of the normalized density index obtained
with the zonal statistics applied using the polygons of class 223 Corine Land Cover 2011 IV Liv.
as the reference spatial unit.
Once the indicators for each of the polygons were obtained, the classification was carried out
through an attribute‐based clustering.
Attribute clustering is used when the spatial position of the object does not play a role (only if
it is not formalized as an attribute), and some of its numerical characteristics are
significant. There are different types of clustering. K‐Means is a classic method widely
described in the literature. According to the K‐Means clustering method, initially N centers are
randomly selected (coinciding with the number of clusters to be obtained). The objects to be
grouped are then entered into the analysis iteratively in order to minimize the total quadratic
deviation of the points attributable to them. To verify the effectiveness of clustering we use
the Elbow method, a heuristic method used to determine the number of clusters in a dataset,
thanks to the graphical representation of the mean square error associated with each possible
number of clusters.

2.3 Results
The results of the calculation of the individual indicators are shown below, obtained firstly
thanks to the elaboration of the data base in raster format and subsequently by attributing the
average value of the rasters to the polygons of class 223 (Olive groves) of the Corine Land Cover
IV Liv of the Apulia region updated to 2011.
NDVI
For the calculation of the NDVI value, useful for the zoning analysis of the territory affected by
the spread of Xylella, it was decided to limit the search for satellite images to the dry period of
the last year available (August 2021) in order to minimize the interference from spontaneous
vegetation or crops associated with olive groves. Specifically, the date of 17 August was the
most promising as it lacked cloud cover. The following image shows the map of the NDVI value
calculated on the portion of the territory corresponding to southern Apulia, identified in the
cartographic grid used by the Copernicus System with the codes: T33TXE, T33TXF, T33TYE,
T33TYF.
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Figure 1 NDVI raster map for southern Apulia
Cultural diversity
For the calculation of crop diversity, the macroclasses of land use were aggregated into cells of
1 square kilometer and expressed as a percentage of the total area of the 1 square kilometre
cell.
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Figure 2 Percentage of land use typologies on 1 square km cell: detail of Salento (pastures,
woods, olive groves, arable land, vineyards)
Subsequently the Shannon index was calculated and the linear normalization with values
between 0 and 1 was carried out. The distribution of the cells is almost normal with slight
asymmetry in favor of the higher values.
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Figure 3 Raster cartography of the normalized Shannon Index value
It is possible to notice how the area with the greatest crop diversity corresponds to that of the
Itria valley, the Taranto Murgia and Barsento, areas characterized by an accentuated
alternation of diversified crop types. The index drops considerably as we move southwards.
Crop Intensity
The use of farm microdata required a first phase of georeferencing on the basis of the
geographical coordinates of the farm centers registered in the FADN database. The result of
this phase is a point geographical database in which each geo‐referenced farms surveyed by
the FADN is accompanied by information on the inputs used, such as: quantity of average
fertilizer per hectare, quantity of plant protection products used per hectare, hours of machine
work per hectare, irrigation volumes per hectare.
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Figure 4 Georeferencing of FADN farms years 2013, 2014, 2015
Subsequently, agricultural input data was aggregated for the farms with olive groves. The
following image shows the intensity gradient of olive cultivation in southern Apulia.

Figure 5 Raster cartography of the aggregate index of crop intensity of olive groves in southern
Apulia.
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The area with the highest average use of agricultural inputs are Ionic Tarantino arch, Barsento
and Murgia dei Trulli. The southern Salento, on the other hand, shows very low values
corresponding to very limited crop care.

Density of agricultural landscape elements.
The first operation carried out for the calculation of the indicator consisted in the extraction of
the linear agricultural landscape elements from the Regional Technical Map of the Apulia
Region. Subsequently, the rasterization was carried out by obtaining the linear density
corresponding to the value of the linear length of the elements per hectare. Given the high
numerical value obtained, the indicator was reduced on a regional scale based on a
normalization on values between 0 and 1.

Figure 6 Raster cartography of the normalized density of the elements of the agricultural
landscape in southern Apulia.
It is possible to notice a high concentration of the elements of the agricultural landscape in a
large area that includes upper Salento, Valle d'Itria, Barsento and Murgia dei Trulli. Further
south, on the other hand, the Capo di Leuca and the coastal strips that go up along the Adriatic
and Ionian coasts have high concentration of elements. The area of the Brindisi plain and the
territory in the South‐East, on the other hand, show a lower complexity.
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Altimetry
The value of the elevation of the territory above sea level was acquired directly through the
use of the Digital Terrain Model with a resolution of 20 meters.

Figure 7 Altimetry of southern Apulia
Calculation of the indicators for the olive groves of southern Apulia.
The calculation of the single indicators, subsequently used in the clustering phase, was carried
out through the application of zonal statistics. The reference territorial figures for the
calculation of the average value of the raster cartography obtained so far correspond to the
olive groves of the Corine Land Cover 2011 IV Liv. for Southern Apulia. The maps resulting from
the calculation of the aforementioned indicators for each of the polygons falling within the
territory under analysis are shown below.
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Figure 8 Average NDVI value of olive groves in Southern Apulia

Figure 9 Average value of crop diversity in the olive grove areas of Southern Apulia
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Figure 10 Average value of the crop intensity of olive groves in Southern Apulia

Figure 11 Average density of the agricultural landscape elements of the of Southern Apulia
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Figure 12 Average value of the average altimetry of the olive groves of Southern Apulia

Clustering
The grouping of the olive groves of Southern Apulia was carried out using the K‐Mean
method. The parameters included in the analysis are represented by the five indicators
calculated in the previous phase and by the two coordinates (X and Y) of the centroids of the
olive groves. The choice to include geographical attributes derives from the will to aggregate
similar olive groves belonging to homogeneous and easily circumscribable geographical
contexts.
A preliminary analysis carried out in order to identify the most effective number of clusters
with the “Elbow” method revealed that the previously hypothesized number of 6 clusters is
plausible in reducing the variance within the groups. As can be seen in the graph below, the
number chosen is, in fact, in the lower part of the curve (just after the "elbow" of the
hyperbola), denoting the ability of the proposed model to generate homogeneous groups.
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Figure 13 Evaluation of the optimal number of classes according to the Elbow method
Below is the result of the clustering which represents the starting point for a more accurate
subdivision of the areas under study. In fact, it should be specified that clustering is to be
understood as an automated method that returns an objective subdivision operated
exclusively on the basis of the numerical analysis of the included parameters. The zoning
proposal takes into account the result of the analysis, leaving open the possibility of revising
the perimeter on the basis of particular operational needs. As it is possible to observe also
graphically, the two classes 1 and 5 are those that more than the others intersect each other,
suggesting the presence of numerical differences in the indicators that prevail over the
geographical character. On the contrary, instead, class 2 is divided into two portions that have
a parallel territorial development and interspersed with the block constituted by class number
3. This is probably due to a homogeneity of the aspects characterizing the agricultural
landscape such as to prevail over the geographical distance of the two portions formed.
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Figure 14 Clusterization of the territory of southern Apulia based on the K‐means method
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From an analysis of descriptive statistics it is possible to draw some general considerations
regarding the structural characteristics and the average performance of the indicators
corresponding to the individual classes identified.
The territorial figures are divided in an effective way. From a numerical point of view, the
territorial figures attributable to the olive groves are in all almost 29 thousand. These are
divided among the 6 classes which are all sufficiently consistent with an average percentage of
17%. The class with the fewest number of olive groves is the second which records a
percentage of 9% (2,600 polygons), while the most numerous class is the first with 21% of the
polygons (6,000). With reference to the olive grove, the area as a whole consists of
approximately 236 thousand hectares of olive groves. These are divided between the 6 classes
in an almost balanced way. The percentage of the total extension of the single classes varies
from 7% of the second to 23% of the sixth. The last class is also the one with the largest average
size of olive groves (12 hectares), well above the classes average of 8 hectares.
Table 1 Structural characteristics of the identified classes
CLASS
1
2
3
4
5
6

Polygons
count
6 049.00
2 675.00
5 757.00
5 581.00
4 509.00
4 403.00

sum
48 253.47
16 503.12
33 833.38
39 791.25
42 205.80
55 352.73

Extension
average
7.98
6.17
5.88
7.13
9.36
12.57

maximum
762.73
395.91
381.12
1 163.52
607.58
1 067.32

The identified classes also differ effectively for the characteristics linked to cultivation,
landscape and the characteristic agricultural agroecosystem. The discriminating capacity of the
proposed model is in fact reflected in the identification of classes that differ in one or more
characteristics considered through the inclusion of the various indicators. In fact, analyzed
individually, the average values of the indicators show behaviors capable of adequately
distinguishing the 6 classes. The average altitude of the areas considered is 125 meters above
sea level. The class with the highest elevation is the third with 322 m, while the fourth is the
lowest with only 45 m. The NDVI value is always higher than 0.28, which coincides with the first
class. The classes with the highest value are the second and third ones which reach the average
value of 0.34. As for the intensity of cultivation, the greatest value is 0.91 reached by the
second class. The lowest values are obtained in correspondence of the fourth and sixth class
with 0.26 and 0.28 respectively. The average value of normalized crop diversity is about
0.6. The average of the indicator for the second and third classes is slightly higher (0.66) while
it drops to 0.53 for the sixth and 0.566 for the fifth. The normalized index of the density of
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linear elements of the agricultural landscape has a much wider and clearer variability between
the different classes. The highest value is recorded in the third class with 0.89, while the lowest
is in the fourth class with a value of 0.07.
Table 2 Average values of the indicators for each class identified
CLASS

Height
1
2
3
4
5
6

63.391
147.110
322.897
45.242
90.775
85.650

NDVI
0.286
0.341
0.344
0.300
0.295
0.325

Crop Intensity Crop diversity
0.371
0.917
0.583
0.267
0.333
0.286

0.574
0.664
0.664
0.594
0.560
0.537

Agricultural
landscape
0.259
0.308
0.897
0.074
0.692
0.262

In summary, therefore, each class is distinguished by the ordinariness / extra‐ordinariness of
the average, minimum and maximum values associated with each indicators. The first and sixth
classes are characterized by low values of all the indices considered. The distinction of the two
classes presumably occurs only as a result of the inclusion of the geographic parameters of
longitude and latitude that differentiate their location within the area
considered. Furthermore, while the first, located in the central‐southern Salento area, has
particularly low NDVI values, the sixth, further north, in the territory between the provinces of
Brindisi and Taranto, has as its characterizing factor above all the low crop diversity and the
low crop intensity. The second class, located both in the Piana degli Olivi Monumentali and in
the Arco Ionico Tarantino, is characterized by high values of NDVI, crop intensity and crop
diversity. The other two indicators are consistent with the average obtained on the whole
territory. The third class, corresponding to the Valle d'Itria and the Murgia dei Trulli, obtains
medium‐high performances for all parameters with the exception of the elements of the
agricultural landscape which result in an exceptionally high density especially as regards the
maximum value. On the other hand, the value of the crop intensity is more moderate, which
remains on average values. The fourth class, in the province of Brindisi, is characterized by low
levels of NDVI and elements of the agricultural landscape. The Piana Brindisina is also
distinguished by its low territorial elevation. The other parameters are average. The fifth class,
between Capo di Leuca and the two coasts, with some fringes that creep inland, is
characterized mainly by a high concentration of agricultural landscape elements and by the
values of the other medium‐low parameters.
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Figure 15 Graphs of the minimum, average and maximum performances of the individual
indicators by class
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3. MONITORING PLAN
Preliminary definition of the monitoring plan, as referred to in Article 1 point 2(a) of the call
letter.
3.1 Methodological Approach
1.

To define a monitoring plan aimed at detecting and collecting Philaenus spumarius with
other candidate hemipterans and vectors of Xylella fastidiosa, the whitefly
Aleurocanthus spiniferus, and the psyllid Macrohomotoma gladiata, we rely on
threshold‐based techniques, such as glued devices, but also semi‐quantitative or
quantitative methods such as sweeping nets depending on the target organism. Plans
suggested starting work may include ASP for Aphrophoridae Xf vectors, normalised
sweeping nets for non‐Aphrophoridae vector candidates and Zelus renardii, and glued
tablets for Aleurocanthus.

2.

The suggested methods allow data acquisition on the presence and bionomics of the
target organisms.

3.

With the study of biology, we will obtain data on the plant species susceptible to the
action of the selected insects and analyse the direct impact (alien pests) and/or indirect
impact (insect vectors of infectious agents) on the plant species;

4.

By comparing the relationships between the presence of the selected insects (including
population composition), we will try to identify agronomic practices that can help
minimise the effects of infestation and possibly allow coexistence with the alien pest;

5.

Finally, quantitative captures of beneficial organisms will suggest the importance of
guilds of biological agents competing with invasive organisms by influencing their
harmfulness.

3.2 Application of the monitoring plan
Further and more specific information on how to apply the monitoring plan for each of the
species considered is given below. In particular, where it has been considered possible, and
above all useful, to define it at this stage, the following have been described: a) the sampling
period; b) the number of samples to be taken (also in consideration of the subsequent
definition of the 18 sub‐areas); c) the type of sampling; d) the technical means and instruments
to be used; e) the temporal frequency. The lack of data for one or more data cohorts will reside
in the impossibility of deeming such information reliable.
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Xylella vectors: sampling of juvenile stages with repeated washing of host grasses collected
from 20x20 cm squares; execution from April 1st to 30th: ten samples per week near each
identified location;
Aleurocanthus: collection of 10 individual leaves fully spread of citrus, rosaceae, and vitaceae.
Leaves will be sealed between freshly collected adhesive films from available host plants near
the locations identified in the next phase of work;
Macrohomotoma: collection of the last 20 cm of infested Ficus (NOT carica) branches found in
urban environments. The 10 branches collected per week from each site as close as possible
among those identified will be immediately sealed in zip‐lock bags;
Zelus: direct and continuous observation of ovules, juveniles, and adults on all plants visited
for each of the insects included in the project. Events of interest will be recorded with AIQPest
beta 08 App;
RPW: FIRST pheromone traps, placed at five sites in southern Apulia among those already
identified. Traps will be visited and emptied every week. The captured will be transported to
the laboratory weekly, alive or dead, in ventilated bottles;
All operations will be recorded with AIQPest beta 08 App running on iOS mobile device. All
biological materials sampled will be immediately placed in thermal containers.
3.3 Sampling techniques
3.3.1 Aquasampling: collecting juvenile instars of candidate and Xf vectors
ASP collection by flotation has been designed explicitly for XF vectors in our environments. It
is intended for cheap and large scale performance with capillary data detail to predict early
the presence of the first nymph stage: the stage under observation in the mechanical juvenile
control action. The collection of insects by microhabitat destruction synthetically indicated as
ASP for repeated water rinsing allows quantitative data collection on the vector population.
It is the first step in planning control strategies to slow down the Xylella invasion in pathogen‐
free areas. The number of vectors per unit area and their bionomics (Irwin and Ruesink, 1986)
are fundamental data in identifying the target species’ critical control points and determining
and organising the correct sequence of available control means and dependent control
actions of the integrated control strategy. Different techniques such as direct field
observations, yellow sticky traps, sweeping nets and aspirators, D‐Vac, Vortis and other
motorised suction samplers to collect adult Xf vectors in olive groves and their herb layer
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been proposed and employed. At present, the mowing net is considered the most practical
tool for adult collection (Weaver and King 1954; Lavigne 1959; Wilson and Shade 1967;
Novotny 1992; Pavan 2000; Bleicher et al. 2010; Cornara et al. 2018).
Xylella fastidiosa pauca ST53 OQDS is transmitted by adult spittlebugs alone, which actively
disperses for about one hundred meters/week (Plazio et al., 2017), circulating among different
host plants available as a food source because they are actively growing, even far apart.
Sampling with a sweeping net of adults in such a situation is inadequate to reveal the
population size because almost the entire adult population from an indeterminate area
concentrates on relatively few host plants near or relatively far from the place used for juvenile
development.
Being a quantitative sampling of adults unavailable, we considered a quantitative collection
of young vectors to estimate the population size of adult vectors starting from the population
of naiads and nymphs. We experimented using a 0.25 m x 1 m transects (collection Unit ¼ m2)
to collect new growing grasses that were subsequently scrutinised to count the new‐born
spittlebugs in the laboratory by stereomicroscopes (Miranda et al., 2017; Papachristos et al.,
2017; Froza et al., 2017; Bodino et al., 2017; D’Accolti et al., 2017a) before storage in EtOH at
75% in V/V water.
Although the working hypothesis assumed the technique to be appropriate, the experience
revealed that field collection and microscopic counting of resident grasses over several square
metres per week is intensive and full‐time work for a team of five qualified people.
Furthermore, an examination of the dataset revealed that population data truncate at the
beginning and end of collections.
To collect better data and suggest a collection method available to the field technician, we
specifically developed an innovative sequential rinse collection technique called AquaSamPling
(ASP). This technique bases on a biomimetic approach.
ASP consists of washing the collected host plants several times with a saline solution (0.9%
sodium chloride in tap water) to dissolve the foams and let the insects float in the saline
solution. The liquid is then filtered through a non‐woven fabric and used to rinse the same
batch of herbs again until the filters collect no more young spuds. The rinsing is gentle enough
to keep the insects alive, intact, and ready to be reared or stored in 75% EtOH for counting and
identification.
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Materials and execution of an ASP session on a 1/25 m2 collection area
ASP significantly shortens fieldwork time and is 20‐50% more accurate than conventional
sampling. (D’Accolti et al., 2017a). The dataset collected with ASP revealed the gradual increase
and decrease of the expected population at the beginning and end of the data. ASP also
allowed us to collect eggs in mid‐winter and monitor egg development and hatching in January
and February, giving us the ability to predict the presence of new hatchlings in the field.
ASP has a feasible, basic approach and bypasses the need for a laboratory, enabling
stakeholders to detail vector populations promptly and accurately at a fraction of the effort
required with a conventional technique. To collect for vector control, we chose to collect the
densest and most plant associations of herbs at flowering, mostly belonging to the Asteraceae,
Apiaceae, Rubiaceae and Primulaceae, to have the highest number of vectors and the most
advanced phenology of juvenile vectors. This ‘worst case’ collection helps trigger juvenile
vector control actions at the collection peak observed in the transition from the last naiad to
the first nymph.
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3.3.2 Standardised sweeping nets
The sweeping net is the second most frequently used tool for collecting insects from plants.
Unfortunately, a net does not work with juvenile stages of Spittlebugs and similar insects due
to mucous and frothy masses that make dirty the catch. Sweeping nets collect from branches
and shoots of trees and grasses, lawns, weeds, brushwood and the like.
These nets can sweep through brambles and other thorny plants if strong enough. For what
we need, we will use specially modified sweeping nets with the sack made of a mesh small
enough to hold the Xf carriers but transparent enough to the air so that the arm doesn’t get
too tired during prolonged use.
The primary defect of the sweeping net is the time it takes to catch insects that have been
collected and ended up in the bag, which allows many insects to move away from the sack and
escape without even being noticed. The second major defect coincides with its virtue, which
consists of the ability to catch insects first seen by the entomologist on herbs or plants. This
second characteristic is the opposite of our needs, which consist of the (hopefully) total capture
of the insects present on a particular plant.
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For this reason, we have added a household rubbish bag to the inside of the sack of constructed
nets with a standard diameter of 38 cm. These bags can be quickly closed, trapping all the catch
with a note on paper of the date and location. In addition, each sweeping will last a certain
number of steps, beating a specific volume of grasses at each step. In addition, each pass will
stay a certain number of steps, sweeping a specific total volume of grasses at each pass. A
similar amount of grasses or plants will be swept on each pass, making one swept for each of
the ten steps of 70‐75 cm each. The step is standardised by tying the ankles with a string.
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3.3.3 Adhesive devices
Glued tablets will be used as a second and simultaneous assessment for all the insects sought.
We will be able to use yellow glue tablets, simply chromatographic. This type of catch is rather
general and suffers from the size of the insect, which, if large enough, can “come off” and
leave the coloured support.

A petrol bath will dissolve the glue and recover the insects that will be washed in EtOH 99%
and then transferred in EtOH 75% V/V in water, to be stored and studied.
The chosen means and collection methods will be applied to field situations in a non‐random
manner because they can detail the vector population promptly and accurately at a fraction of
the effort required with a conventional technique. To collect in this project, we choose to
gather the most mature insect/host plant association from the point of view of the interaction
For example, in the case of Xf vectors, we will collect for the ASP the densest and closest
flowering herbaceous plant associations, mostly dicotyledons: Asteraceae, Apiaceae,
Rubiaceae and Primulaceae, to have the highest number of vectors and the most advanced
phenology of juvenile vectors.
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This ‘worst case’ collection helps to better time juvenile vector control actions at the peak of
catches observed in the transition from the last naiad to the first nymph.
The same approach will allow us to collect biologically analogous situations that will highlight
differences due to the collection context but unmasked by differences in the biological stages
of the catch.
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