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PREFACE
As a child I would spend long summers in my village, Santa Maria di Leuca, on the coast on
the very tip of the ‘boot’, in Apulia, Italy. My family has been living there since 17th century, thus we
have a particularly strong bond with the surroundings. Its landscape is noticeably shaped by the
presence of olive groves, whose stories are older than the country they’re planted in. Some of the
trees that inhabit the region are recognised national monuments, and probably deserve to be called
like that having witnessed and survived the rise and the fall of many civilizations before them.
My grandfather was the first one who told me that something bad was happening the
orchards: olive trees next to a close by village were wilting and apparently nobody was acting to save
them. Now, a pest is spreading. Drying them up and eventually killing them. Efforts to control the
advance of the disease have so far failed and authorities have tried to impose control measures on a
population already worn out by the collapsing world around them, without taking their necessities
and understandings into account.
I wanted to do something. I wanted to try to give something back to that place that is so rich
and so remote, distant from the modern world I’m living in. Thus, I decided that the research I needed
to carry out for the thesis could have aimed at understanding what was driving those people’s
behaviours: why were they refusing to take part in plans to save their trees? I hope I at least
contributed a little to answer this question. It might not be the final explanation but I believe it is a
good way to start.
I want to sincerely thank my supervisors: Sophie Rickebusch and Monique Mourits, for their constant
help and support. They were able to sparkle ideas and encourage me to dive into the analysis. They
made me the “manager” of the project. They taught me what it means to plan and organise a
research activity, keeping me on track and, at the same time, showing that it is possible to sit back,
every now and then, and enjoy what has been done. Then go back to the work, with a fresh and
critical mind.
I want to thank my friends, all of them. During these months they helped me evading from the
repetitiveness. Laughing is always a powerful medicine.
I thank my partner, who showed understanding when I was spent and kindness to alleviate the stress
with.
I’m grateful to my parents who constantly checked on me, to make sure I was happy and satisfied
with my work. And in case I was not, helped me find again a clear perspective.
Last but not least, I want to express my gratitude to those people, those now distant people, who
agreed to take part in this project and shared their views on their very private worlds with me. To
them, I say, I dedicate my thesis.
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ABSTRACT
The role of farmers’ behavioural components in the management of epiphytotics is poorly
analysed. Inadequate understanding of farmers decision-making process might hamper the
containment of the disease. In this study the Theory of Planned Behaviour (TPB) was used to study
and highlight psychological and sociodemographic factors associated with olive growers’ intention to
participate in the bacterium Xylella fastidiosa and Olive Quick Decline Syndrome (OQDS) control
measures in the Salento peninsula, southern Italy. Questionnaires were distributed to 96 farmers
from different municipalities in the Lecce province, which is considered to be completely infected by
X. fastidiosa.
Results indicate that 97% of olive growers intended to report to competent authorities in
case of a suspected infection. 84% of the farmers showed a high intention to prune healthy olive
trees to slow down the spread of the disease. A much lower percentage of growers, 26 %, indicated
they would take part in phytosanitary treatments against the disease’s vectors: the meadow
spittlebug Philaenus spumarius. 82% of olive orchard owners agreed or strongly agreed with carrying
out soil tillage and weeding to reduce the population of the vectors. 86% of the farmers intended to
carry out extraordinary pruning, removing the bulk of the vegetative parts on infected olive trees.
The intention to participate in control measures decreased to 38% in case farmers were requested to
uproot infected trees if compensated with an amount equal to the olive tree market price. This group
decreased further to 32% in case farmers would be compensated according the less beneficial
regional Silletti plan. When olive growers got no compensation for uprooting infected trees, only 30%
agreed or strongly agreed with the measure of uprooting.
Using multivariate logistic regression analysis, the significant associations between items of
the TPB and sociodemographic variables were explored and examined. Attitude and perceived
behavioural control variables were often significantly associated with the intention variables. The
latent variable on subjective norm appeared to be less of an influencing factor for growers decisionmaking; this was only a significant variable for the extraordinary pruning control measure. Education
and income resulted in being among the most influencing variables for the TPB components, with
high level of income (above 25,000 Euro a year) and high level of education (university degree)
associated with higher odds of participating in the control measures. It can, therefore, be expected
that information campaigning through effective media could foster uptake of control measures,
specifically for regular pruning, employing phytosanitary treatments, weeding and tilling, and
uprooting infected trees. Subsidies and incentives for low income farmers might as well increase
growers’ intention to take part in the epiphytotic control measures, especially for pruning-related
actions, because of relaxing money constraints for olive growers.
The information regarding drivers of intentions collected and developed through this study is
useful to design future policy interventions and to tailor disease management strategies that are
specifically addressed to target groups among farmers and result in higher uptake rates.
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1. INTRODUCTION
1.1 The biology and pathology of Xylella fastidiosa
Xylella fastidiosa, which is a non-flagellated, gram-negative, aerobic bacterium (Wells et al.
1987), was first described in the 1987 in the US as the cause of Pierce’s disease in grapevine. It
affects a large number of hosts, from the genus Vitis to Prunus, to Olea and to Citrus. It is a slow
growing bacterium, with optimal growing temperature between 26 and 28°C, that is able to colonize
two different habitats: the xylem vessels of hosts plants and the foregut of xylem-feeders insects
(Janse and Obradovic 2010). The disease in the plant develops as a response to deficit in water
supply as in late stages of the infection xylem vessels are blocked because of growth of biofilm
masses (Chatterjee, Almeida, and Lindow 2008). Around 309 plant species and 63 families can be
hosts for the bacterium (Baker et al. 2015). Many strains of X. fastidiosa have been identified around
the globe (Figure 1) and, for its polyphagia, is included in the EPPO (European Plant Protection
Organization) A1 list of quarantined bacteria (OEPP/EPPO 1989). X. fastidiosa is a vector-transmitted
pathogen extensively distributed in the American continent and more recently made its first
European appearance in southern Italy.
Varieties of Xylella
fastidiosa
Xylella fastidiosa
fastidiosa
Xylella fastidiosa
multiplex
Xylella fastidiosa pauca
Xylella fastidiosa sandyi

Host plants

Disease

Vitis, P. dulcis and Acer

Pierce disease

P. persica, Ulmus, P.
domestica and P. dulcis
Citrus, Caffea, Olea
europea
N. oleander

Phony peach disease and Plum leaf scald
Citrus variegated chlorosis, coffee leaf
scorch and Olive quick decline syndrome
Oleander leaf scorch

Figure 1 X. fastidiosa strains, host plants and diseases identified around the globe

The transmission of the pathogen unfolds in three main steps: pathogen acquisition by the
vector from an infected source, retention of the pathogen inside the vector and injection of cells of
the pathogen inside a new host (Figure 2). As Xylella fastidiosa is very polyphagous, transmission
efficiency might vary greatly depending on the host plant and vector.

Figure 2 Vector-transmitted pathogen acquisition-transmission cycle. Xylella fastidiosa follows a similar pattern
(Capinera 2008).
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1.2 The arrival in southern Italy and current situation of the epidemic
In October 2013 the bacterium was formally detected in some cultivar of olive trees (Olea
europea L.), mainly var. ogliarola and frantoio, in the Salento peninsula, Apulia, Italy (Saponari et al.
2014). Since then it has been detected in Corsica, in the French region Provence-Alpes-Cote d’Azur in
the south of the country and on the Spanish island of Mallorca. The strain of X. fastidiosa detected in
Italy belongs to X. fastidiosa pauca, the variety detected in France to X. fastidiosa multiplex, and the
one in Spain to X. fastidiosa fastidiosa (European Commission 2016). This pattern would suggest
different sources of inoculum for the bacteria. In Italy the bacterium was probably introduced by an
infected ornamental Coffea plant from Costa Rica, supposedly symptomless (European Food Safety
Authority 2013). The insects identified as being potential or actual vectors of X. fastidiosa belong to
the taxon Auchenorrhyncha. They have been attributed to three species mainly: Philaenus
spumarius, Neophilaenus campestris and Euscelis lineolatus. It has been postulated that P. spumarius
and N. campestris would transmit the disease better than E. lineolatus, as the latter is a phloemfeeder and the pathogens thrives in the xylem vessels of plants. Still research needs to be done to
assess the ability of E. lineolatus and N. campestris to inoculate the disease in new plants, while the
ability of P. spumarius has been ascertained (Elbeaino et al. 2014).

Figure 3 Olive trees with OQDS in the Salento peninsula, Italy. (A) Branches dieback. (B) Detail of scorched leaves. (C)
Dying olive tree (Saponari et al. 2014).

The olive trees infected by the pathogen show symptoms of the so-called Olive tree Quick
Decline Syndrome (Nigro et al. 2013). Generally, symptoms include: leaf scorching, wilting of the
foliage, defoliation, chlorosis or bronzing along the leaf margin and dwarfing (Figure 3). The infection
can be severe enough to lead to the death of the infected tree (Wells et al. 1987).
Olive crops are an essential agrosystem in the Mediterranean basin. Olive groves have
limited requirements, growing in low fertility terrain, in arid to semi-arid conditions and on inclined
or shallow soils (Loumou and Giourga 2003). They are a ubiquitous crop of noticeable socioeconomic
importance. Nowadays olive orchards provide for an additional source of income for the population
in rural areas, especially during the winter period. Moreover, olive crops help limiting desertification
in the Mediterranean, maintaining the fragile ecosystem typical of the basin (Ponti et al. 2014). Thus
the far-reaching implications of these outbreaks must be addressed promptly with adequate
measures to avoid losses for this crucial agricultural sector.
After the identification and formal detection of the disease and the associated bacterium,
the regional Apulian government declared an emergency status, for which a special commission was
summoned. Role of the commission was to establish a disease management procedure, identifying
the necessary control measures and policy instruments for their application (Apulia Region 2016b).
The strategic plan issued by the commission, in accordance with the application of the Implementing
Decision (EU) 2016/764 of the European Commission, entailed as well the definition of demarcated
areas by Department of Agriculture, Rural and Environmental Development of the Apulia Region
(Figure 4).
3

Figure 4 Map showing the demarcated areas in the Apulia region, southern Italy. The area considered infected by the
bacterium X. fastidiosa is indicated by the red line and it encompasses at least all the Lecce province (the southernmost
one) and parts of the Brindisi and Taranto provinces. In orange the containment zone comprised inside the infected zone.
In blue, the buffer zone bordering with northernmost part of the infected zone (Adapted from (Apulia region 2016a)).

The infected zone includes the whole province of Lecce and part of the provinces of Brindisi
and Taranto. The northernmost area in the infected zone is the containment zone which covers a
surface adjacent to the southern boundary of the buffer zone, from the Ionian to the Adriatic Sea
with a width of 20 km. The buffer zone, to the north of the infected zone, extends from the Ionian to
the Adriatic Sea, with a width of not less than 10 km.
Current measures to control the spread of Xylella fastidiosa are in place in both the EPPO
region and the European Union. In the EU, X. fastidiosa is banned from all member states. As it is
indicated in the quarantine list of EPPO (European Commission 2016), known vectors of the disease
are banned from entering the territory of the EU as well.
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1.3 Control measures in the demarcated zones
No curative method exists to completely eliminate the disease from plants, thus control
focuses more on the vectors and sources of inoculum. Agronomic measures can help containing and
slowing down the spread of Xylella reduce the population of its vectors.
Control of the vector Philaenus spumarius through phytosanitary treatments can be carried out with
several compounds. Some of these, although effective in containing the population of the vector, are
yet not authorised to be used on Olea europaea. Soil management techniques, like superficial soil
tillage and weeding, are used to reduce the population of the juvenile stadia of the vector at ground
level in springtime. They help as well to exclude phenomena as nutrients-water competition between
weeds and olive trees that can hamper the trees proper developments and reaction against the
pathogen. Tree apex management techniques, mainly pruning, are used to decrease the areas
suitable for acquisition of the bacterium by the vector, and to increase the effectiveness of the
phytosanitary treatments to eliminate adult vector population by employing smaller volumes of
products. Pruning should be carried out differently depending on the actual situation of the tree,
whether infected or not. Ordinary pruning is to be done in order to allow proper air circulation in the
crown and light penetration to the deepest foliar strata, acting as a preventive measure;
extraordinary pruning aims at reducing trees height and controlling primary, secondary and tertiary
branches to reshape the apex. In case of infected plants or plants showing Olive Quick Decline
Syndrome (OQDS) symptoms, extraordinary pruning is useful to reduce vegetative organs which
constitute a source of inoculum, acting as a reactive measure. Through extraordinary pruning the
bulk of the vegetative part of the plants is removed, leaving only primary and secondary branches
without vegetation (Figure 5).

Figure 5 Olive trees with OQDS on the west coast of the Salento peninsula, July 2016. The trees undergone extraordinary
pruning, removing vegetative the bulk of vegetative parts from the secondary and primary branches (Photo by Franco
Ferilli, July 2016).

For infected monumental trees, extraordinary conservative pruning should be performed (Apulia
Region 2007), the tertiary branches and their vegetation need to be removed, but trunk, primary and
secondary branches are allowed to remain because of their values. Uprooting of infected trees has
been proposed to contain the spread but, because of strong opposition from the local producers and
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environmental associations, the application of the measure has been stopped and it is currently
(November 2016) in court for debate.
In the designated infected, buffer and containment zones, different measures are in place,
targeting the olive orchards and the vectors as well (Apulia Region 2016b). In the infected zone for
olive trees exhibiting initial symptoms of OQDS, the regulations require prompt elimination of the
symptomatic branches and, for those trees that are seriously infected, extraordinary pruning with
recurring removal of new vegetative parts. For monumental trees, extraordinary conservative
pruning is necessary. It is not allowed to plant new host species, unless it is for scientific purposes
and it has been previously authorized. In the case of new isolated infection loci in the buffer and
containment zones, the legal obligation still requires that at least all infected plants are removed. In
case of monumental trees, extraordinary conservative pruning is required with recurring removal of
new vegetative parts. For any outbreak of Xylella fastidiosa found within the European Union
territory, with the exclusion of the demarcated zones, strict eradication measures apply, this
consisting in a clear cut of all host plants of the specific subspecies of Xylella fastidiosa found in the
respective Member State (e.g. pauca in Apulia; multiplex in Corsica and Provence-Alpes-Côte d'Azur),
irrespective of their health status, in a radius of 100 m around the infected plants.
EU plant health financing may be granted for the implementation of surveillance
programmes and eradication/containment campaigns (The European Parliament 2014). Under the
same legal framework, the EU financial contribution for compensation to the owners for the value of
the destroyed plants will be possible only from 2017 onwards. Additional financial support is
currently being discussed as part of the Rural Development Programmes, in the framework of the EU
Common Agricultural Policy. Compensation for the uprooting had also been envisioned by national
plans, especially in the Silletti plan (Silletti 2015). As its implementation has been stopped by court
process, there is still uncertainty on whether financing will be available at a national level.
Compensation envisioned by the Silletti plan was dependent on orchard density and would account
for the uprooting costs of the tree, plus the costs of disposal of the infected tree material. The
infected remains have to be burned at high temperature for long time for the bacterium to be
completely thoroughly eliminated and risk of contagion reduced (Potere et al. 2015).

1.4 Uptake of control options
The implementation of the control plan has been difficult because of strong opposition from
producers and locals. Theories of complot arose in which agro-pharmaceutical groups were accused
of spreading the disease, or scientists were targeted by the population as the cause of the syndrome.
The local population of farmers and growers and, in some cases, the regional authorities showed to
distrust the official scientific opinions given by appointed research institutes (Baker et al. 2015).
Successful control of Xylella fastidiosa spread will require strong and durable collaboration
between members of the agricultural sector and governmental organization. Full commitment and
concertation is difficult to obtain because of the diverse factors influencing the behaviour of each
individual stakeholder. The reaction from farmers to uprooting has been particularly strong, and the
uptake of the measures has been low with cases of refusal that have led to sanctions for the farmers
involved. Although up to now no study has been done to examine the reasons why olive orchards
owners resisted, their reactions to the control measures have been collected by media reports. These
are suggesting that farmers are putting more value to their orchards than an economic valuation
could. For instance, much of the interviews that have been collected reveal that many olive growers
perceive the uprooting as “death” for their traditional livelihood and their future. Studies conducted
during outbreaks of different disease in other countries have found that farmers experienced
substantial emotional and psychological stress amid the disease control process, with effects
enduring in spite of the passed time (Bennett et al. 2002). Poor and scarce communication between
6

governmental agencies and non-governmental stakeholders, coupled with a constant change in the
control policies can lead to a decrease in trust for the whole control process, hampering public
acceptance and uptake of the intended measures (Poortinga et al. 2004). In an interesting note from
“The Lessons to be Learnt Inquiry Report”, about the outbreak of Foot-and-Mouth disease (FMD) in
the UK in 2001, it is pointed up how:
“Because disease control policies had not been debated widely before the
outbreaks, arguments took place as the disease was raging. Changes, in particular
to culling policy [of the infected animals], were introduced at short notice. Often
they were poorly communicated. Large parts of the farming and wider rural
community became distrustful of government” (Anderson 2002).
In a study by Bouma et al.(2003), it was emphasized how, during the Dutch epizootic of FMD of
2001, inadequate connection between farmers and health authorities allowed the disease to further
spread. The inclusion of additional disciplines, like sociology and psychology, could have proven to be
useful in improving the exchange of information and the disease management. Fruitful exchange
requires effective communication, which in turns depends on the understanding of farmers’
reactions and practices (Covello 2003). Coupling of theories from socio-psychological perspectives
together with epidemiological traditional approaches could constitute a useful tool to tackle
outbreaks and anticipate their spread. Understanding the drivers for farmers’ intentions to behave,
as a precursor of actual behaviour, is crucial to understand decision-making and support policymakers. This is especially true in the case of ill-structured and ill-defined diseases like OQDS, as they
are difficult to understand and no straightforward cause or solution is established or accessible to
farmers (Alarcon et al. 2014).

1.5 Theoretical foundations for the study of intentions to behave
Several social-psychological theories aim at predicting and describing health-related
behaviour (e.g. theory of reasoned action, health belief model, protection-motivation theory). For
the objectives of this study, the Theory of Planned Behaviour has been chosen. It has been tested
and proven effective in anticipating and helping understanding a great number of behaviours in
several studies in the agricultural sector (e.g. producers’ intention to participate in FMD disease
detection and control in Texas, US (Delgado et al. 2012)).
The Theory of Planned Behaviour (TPB) was introduced in 1991 by Ajzen (1991). According to
the TPB, an individual’s actions can be explained by the combination of perception, will and social
pressure. TPB has been used several times in order to understand the reasons behind health-related
behaviours of certain individuals or groups. Inside the framework of TPB, behavioural intentions (or
intentions to behave) are considered to be determinants and precursors of behaviour. The intent to
behave is essentially the individual motivation to perform. Therefore, the stronger the motivation to
act, the higher the chances that the individual actually performs the behaviour. In this very case, the
individual is the olive grower and intentions are, for example, reporting about an infected tree or
applying extraordinary pruning.
In the TPB framework, behavioural intents are determined by psychological variables, these
being: personal attitudes, subjective norms and perceived behavioural controls (Figure 6). Personal
attitudes consist of a general disposition to respond favourably or unfavourably to the individual
engaging in the behaviour, giving the individual’s positive or negative evaluation about the behaviour
producing an outcome (outcome belief) and the evaluation the individual holds about the outcome
(outcome evaluation). In this study, an example could be the positive effects related to employing
vector control measures or soil management and their efficiency in reducing P. spumarius
population. Subjective norms refer to the social pressure that is exercised to carry out a certain
behaviour. They are about the perception of what other individuals, whose judgements is significant
7

for the farmer, require the same farmer to do (subjective belief) and whether the individual’s
motivation is to comply or not (motivation to/not to comply). In the case that is object in this study,
how the reactions of relatives, neighbours and local community could impact the implementation of
the measures. Perceived behavioural control is about individual perception of what and to what
extent one can perform the behaviour. It refers to the individual’s perception of the behaviour’s
achievability both in terms of being able to actually achieve the behaviour (self-efficacy) and to ease
or complicate achieving (power to control). The farmers’ considerations of their financial possibilities
and capability to apply a disease control might change their measures uptake (Alarcon et al. 2014).

Figure 6 Theory of Planned Behaviour. Adapted from Garforth (2004).

1.6 Purpose of the study and research questions
Farm-level control measures for pest and diseases, like those employable against X.
fastidiosa, reduce the risk for the entire infected and neighbouring zones. Sector-wide actions might
slow or contain the spread of the epiphytotic (Pluess et al. 2012). Studies aimed so far at
understandings the best control options during outbreaks, but few addressed the uptake of the
measures at individual growers’ level. Most of crop disease management strategies base their action
plans on the premise that individual growers make decisions based on rigorous scientific evaluations
(McRoberts et al. 2011). But the personal assessment of the odds of a harmful circumstance to
happen (i.e. the outbreak and contagion of Xylella fastidiosa) is biased by heuristics, like knowledge
of the pathogen or of the necessary control options. Public health research considers the behavioural
components, while plant health research rarely does (Breukers et al. 2012). The role of farmers’
behaviours in control measures has remained poorly analysed from a socio-psychological level
(Pluess et al. 2012).
The purpose of this study is therefore to investigate the association between
sociodemographic and economic features with salient social and psychological variables. The
psychological variables influence farmers’ intention to participate in the epiphytotic control
measures for the outbreak of Xylella fastidiosa in the Italian Apulia region. The Theory of Planned
Behaviour (TPB) by Ajzen (1991) was used in this study to analyse the aforementioned association.
Key farmers’ intentions related with control measures (Apulia Region 2016b) that will be analysed in
this study are:
1. Reporting to competent authorities suspected cases of infected trees;
2. Extraordinary pruning in the cases of infected trees or trees showing the symptoms of OQDS in
the olive orchard;
8

3.
4.
5.
6.

Ordinary pruning in the case of non-infected trees in the orchards;
Phytosanitary treatments to reduce vector population in the olive orchards;
Superficial tillage and weeding in the olive orchard to control vector’s population ; and
Willingness to uproot infected olive trees without compensation; with compensation as
proposed by the Silletti plan; with compensation equal to the market price of the olive tree.

Although all the measures above are mandatory, their uptake is difficult to enforce and
ascertain because of lack of a proper control system and wariness of the farmers. Great disbelief in
regards to the aetiology of the disease is also common. A better understanding of the mechanism
underlying growers’ intentions to behave and how these are influenced by sociodemographic feature
could benefit the management of the epiphytotic, with faster reactions and higher measures uptake
rate. Thus some recommendations on how to employ the information collected and developed
during this study will be given.
The main research question is:
What are the key factors influencing olive growers decision-making process in relation to
disease control in the infected zone in the case of Xylella fastidiosa epiphytotic in Southern Italy?
This research question is detailed in sub-research questions:
What are the control measures olive growers can employ/ are required to employ in relation
to X. fastidiosa in the infected zone in the short-term?
What are olive growers’ salient beliefs about the consequences of, the barriers to and the
social pressures for the intention to implement the different control measures?
How do olive growers’ beliefs shape behavioural intentions in the TPB framework? How do
socioeconomic and demographic variables influence farmers’ salient beliefs in relation to intention?

1.7 Outline of the report
In this study, first a background was given over the current situation in the Italian Apulia
region with a focus on the Lecce province. The current control measures were detailed and their
uptake examined. The TPB was identified as a useful conceptual framework to be used in the analysis
for answering the research questions. Next the logistic regression methods were illustrated and it will
be explained how they were tailored for the collected data. Following, the results were presented
and then interpreted in the light of the TPB, together with a discussion of the methodology. Some
useful insights for policy-makers were included to develop strategies to foster the uptake of the
control measures. At the end, the main findings were drawn from the discussion and results.
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2. METHODOLOGY
2.1 Survey and sample design
The selected tool for eliciting information was the questionnaire because of its easy and
relatively fast administration. Moreover, previous studies employing the TPB made use of
questionnaires, testing its applicability as in Petrea (2001) and Masud et al.(2016). The survey design
is based on previous studies conducted to investigate animal diseases or healthcare strategies, two
of the main fields of application for the TPB (see Alarcon (2014), Francis (2004) and Wera (2016)).
Only Breukers et al. (2012) was found to be employing TPB to address plant pathogens management
at a farm level, although the use of TPB methodology is intended as a preventive measure to provide
support for future decision making while there is no epiphytotic currently occurring. This study
makes use of TPB to understand olive growers’ intentions to participate in control measures when
the epiphytotic is well established (European Food Safety Authority 2013). The questionnaire
contained closed and open questions, which could be divided into three main sections:
1. Socio-demographics. Closed questions on the socio-demographic characteristics of the olive
growers addressed personal, household and production characteristics. Personal questions
included age, sex, education, role in the property and family size. Household questions
inquired about income generated through activities connected with the olive orchard,
number of years spent actively working in the orchard and age of the orchard. Production
was invested with questions regarding additional workforce, surface of the orchard and
number of trees, location, average yearly production, cultivars used in the orchard, presence
of OQDS (Olive Quick Decline syndrome) in the orchard and intercropping.
2. Intentions and psychological variables. Closed questions inquiring about farmers’ intention
to participate in control measures, as well as their psychological variables (attitudes,
subjective norms and perceived behavioural controls) related to the same measures were
included to gain knowledge about the components of the TPB model. Practically, olive
growers were asked to score on a five-point Likert scale (with 1 = Strongly disagree to 5 =
Strongly agree): their intentions to adopt the control measures, and the related psychological
variables. The results were then clustered into dichotomous variables (with score of 1, 2 and
3 considered a negative, 4 and 5 a positive) for subsequent data regression analysis.
3. Knowledge of the disease, control strategies and future developments of the disease.
Knowledge of the cause, origins and symptoms was assessed. Respondents were asked to
describe and give details about the disease. Olive growers’ personal strategies to cope with
the disease were explored as well by asking whether there was any measure not listed in the
questionnaire they think to be effective. In the end of the open section, a question regarding
the most dominant past, current and future trends regarding OQDS was posed to get a
personal perspective on how olive growers’ lives have changed since the outbreak and how
the complex situation is expected to develop.
The following main steps were followed in the construction of the questionnaire:

1. Definition of the population of interest and sample selection
2. Definition of the behavioural intentions under the study and of socioeconomic factors
relevant for the study

3. Identification of how to measure intentions
4. Identification of the most often perceived advantages and disadvantages of performing the
behaviours (i.e. Attitudes)
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5. Identification of the most relevant group, or people, who would approve or disapprove the

behaviour (i.e. Perceived behavioural control)
6. Identification of the often perceived barriers or supports in performing the behaviours (i.e.
Subjective norms)
7. Construction of questionnaire items which will measures the aforementioned psychological
variables and include them in the questionnaire draft
8. Pilot the draft and correct
The questionnaire was developed in English and translated to Italian. It was piloted on a
small group, consisting of five olive growers. The final version of the questionnaire was revised and
corrected based on the results of pilot to improve clarity and interpretation of the items. A list with
the variables included, the Italian and English version of the questionnaires are available in the
Annex.
This study was conducted in the Lecce province, Apulia, Italy. This province was selected
because of the high incidence of OQDS. Olive farms in the Lecce province range from very small (<1
ha) to very extensive (> 200 ha), and from traditional, low-intensity grove to intensive and highly
mechanised plantation (European Forum on Nature Conservation and Pastoralism 2001). Three main
types of plantation can be identified: low-input tradition, intensified traditional and intensive modern
plantation (European Commission 2016). These characteristics are visible in the physical appearance,
the management practices, and the socio-economic environmental effects of the different kinds of
plantation. Given the considerable differences among farming areas, and often among different
farms within the same given area, to avoid bias in the surveying, different types of olive farms were
included. The province was used as a proxy for the whole infected zone; this helped time-wise and
logistic-wise the surveying. The chosen area can be considered representative of the population as it
includes different kinds of plantation, productive systems, farms’ sizes and a representative sample
for the sociodemographic characteristics. The results can be considered applicable in the whole
infected zone and in other areas with similar characteristics.
The questionnaire was intended to survey the intentions and underlying constructs of the
population of olive growers towards control measures. 96 questionnaires were collected during a
fieldwork period of one month. The sample is relatively small given the whole population of olive
growing firms, which in the Lecce province alone is around 65,000 (Istituto Nazionale di Statistica
2010). But time restrictions did not allow for more surveys to be collected.
Growers were approached in the orchards, or in different locations such as local
cooperatives of producers, local markets and oil mills. Numerous places were identified as being
potential good sources of respondents; these are mainly local markets, where producers sell directly
their olive products, rural and agricultural cooperatives, which help gathering olive growers, and
wholesalers’ markets.
The statements in the questionnaire were developed in accordance with the “compatibility
principle”, which means measuring attitudes, subjective norms, perceived behavioural control and
intentions at the same specificity level to maximise the predictive outcome power of the TPB (Ajzen
and Fishbein 2005). Temporal stability was not testable because: 1) the surveying was carried out in a
period of about a month and no time for re-testing with questionnaire the same farmers was
available, 2) temporal stability to test reliability requires the system to be quasi-steady or in steady
state while, in the case of the epiphytotic, the system is extremely dynamic as the epiphytotic is
currently spreading and developing over the area.
A total of hundred olive growers were selected randomly and approached, four of them
refused to answer. Data was collected anonymously and respondents were made aware of this. A
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privacy statement at the beginning of the questionnaire described the conditions of the data
collection, giving the respondents the chance to give their e-mail address, to be informed about the
results of the study and be kept updated on the developments. Therefore, respondents knew and
agreed to part in the study by giving oral consent. However, unless contact address was giving, it is
not possible to trace back to the identity of the respondent with the gathered data as location-wise
only an indication on the municipality the olive orchard on was given.

2.2 Statistical analysis
A descriptive analysis was performed on the demographic data, the intentions to participate
in eight different control options and the items measuring the three TPB theoretically independent
psychological variables (attitudes, subjective norms and perceived behavioural control). Relative
frequencies for each item were calculated with SPSS (version 23).
The Cronbach’s α coefficient was used to assess internal consistency among the individual
items underlying each psychological variable in the questionnaire. It is used in statistics as a lower
bound to estimate the reliability and internal consistency between items of a psychometric test. Its
values can be positive and negative. When negative it indicates a negative mean of inter-item
correlations, while it increases in case of higher correlations. It is affected by the size of the sample in
the sense that the bigger the sample size the higher the α (Bonett 2010). Nevertheless, Cronbach’s α
was selected as reliability measure because it is widely used in sciences requiring a psychometric
approach (e.g. the Likert scale employed in this study’s questionnaire) and its application it is rather
simple and, it provides unbiased estimate of generalizability of the sample scores towards the
population of the study (Cronbach 1951).
The TPB items sets were considered to be consistent if they exhibited a Cronbach’s α ≥ 0.70,
although this threshold should not be considered absolute as Cronbach’s α values are highly
discussed in literature (Dancer 1994). If consistent, their scores were averaged to create latent, or
aggregate variables (Cammock, Carragher, and Prentice 2009). The latent variables were then used in
the regression analysis as independent variables. If inconsistent, the single items were used
separately in the regression analysis.
To investigate the determinants of olive growers’ intentions to behave based on TPB, logistic
regression, or logit model, was chosen as a method for regression analysis. Logistic regression
assesses the relationship between a dependent variable (the intention variables in this very case) and
a certain set of covariates, or predictors (the TPB independent variables attitude, subjective norm,
perceived behavioural control and the socio-demographic characteristics), by estimating the
probability employing a logistic function.
The study aims at understanding what drives farmers’ intention to apply or not apply a
certain specific control measures, therefore the result of the regression is a categorical variable with
only two possible outcomes: low intention and high intention. As the results are dichotomous they
exhibit Bernoulli distribution (Uspensky 1965). For this, binary logistic regression (BLR) was
performed. The assumptions behind BLR are similar to those of a linear regression, as it is a case of
generalized linear regression models (Heidl 2014). The advantage of BLR is that it overcomes the
problem of having a categorical outcome variable by transforming the data using log- transformation,
which allows to express a non-linear relationship in linear way (Berry and Feldman 1985).
In the case of univariate BLR, the model equation is:
𝑃𝑃(𝑌𝑌) =

1

1 + 𝑒𝑒 −(𝑏𝑏0 +𝑏𝑏1 𝑋𝑋1𝑖𝑖)
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were P(Y) is the probability of Y happening, e is the base of natural log and the rest of the coefficients
form the linear combination together with a predictor variable (X1i). The resulting values P(Y) can
range from 0 (the event does not occur) to 1 (the event occurs).
When there are several predictor variables, the regression is multivariate and the equation
describing the model becomes:
𝑃𝑃(𝑌𝑌) =

1+

1

𝑒𝑒 −(𝑏𝑏0 +𝑏𝑏1 𝑋𝑋1𝑖𝑖+𝑏𝑏2 𝑋𝑋2𝑖𝑖+…+𝑏𝑏𝑛𝑛 𝑋𝑋𝑛𝑛𝑛𝑛)

When running the analysis, the coefficients of the equation need to be estimated using
maximum-likelihood estimation for the equation to be solved; this is done by fitting the model with
the available predictors to the observed values. The final model will be the one which results in the
P(Y) closest to the observed data. Likelihood ratio test is used to assess if the model fits the data and
it is based on the comparison between observed and regression-predicted values. Models are
considered a good fit if the p-values of test were smaller than 0.05. The most important results from
the regression for this study are the predictors’ coefficients, the odds-ratio of the predictors, the 95%
confidence intervals and the p-value of the regressed predictor. The odds ratio, which can be
calculated as well by exponentiation of e to the coefficient (Exp (B) in the SPSS output, where B is the
predictor coefficient) is a measure of the change in odds when the predictor variable changes of one
unit; if Exp (B) is ≥1, then it indicates that as the predictor increases, the odds of the outcome
happening increase. Conversely, if Exp (B) is <1, it indicates how as the predictor increases, the odds
of the outcome occurring decrease.
When conducting regression analysis, in this study the responses “strongly agree” and
“agree”, respectively four and five on the five-point Likert scale, were considered to show high level
of the variable, while the responses “strongly disagree”, “disagree” and “neutral”, respectively one,
two and three on the scale, were considered indicating low level of variable (Lau et al. 2010).
The first step in the regression analysis was to conduct univariate logistic regressions. It was
done by examining the relationship of each independent variable with the correspondent dependent
variable, i.e. the association of the psychological variables attitude, subjective norm and perceived
behavioural control with intention.
The results were examined from the SPSS output. As some of the coefficients showed an
implausibly large coefficient (B) and standard error (S.E.B), an in-depth analysis of cross-tabulation
was done for those variables. The cross-tabs revealed the presence of quasi-separation, which was
causing the regression to collapse. Separation happens when the dependent variable can be
predicted with great precision by only one or a linear combination of independent variables (Heidl
2014). The effect on the logistic regression is that the likelihood is maximised so much that the
solving program outputs an unreasonably large coefficient estimate and a likewise standard error.
To fit these models, two approaches are available: exact logistic regression and Firth logistic
regression (Firth 1993). Exact logistic regression was discarded as it is very complex and requires
often prohibitive computational resources (Heinze and Schemper 2002). Firth logistic regression was
applied. This particular type of regression employs a bias-reduction strategy which is built on a
penalized likelihood by imposing the Jeffreys’ prior penalty function (Hilbe 2009).
In SPSS it is not possible to directly perform Firth regression. It is necessary to operate
between SPSS and R through an integration plug-in which allows some functions of R in SPSS. The
function that SPSS uses is STATS FIRTH, from R. The interface allows setting up a model in similar way
it is done in SPSS and provides results as SPSS would have done in any other regression. As the
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results were timewise very demanding, after some experimentation, R was chosen to perform the
regression analysis.
In R, the package “logistf” (Heinze and Schemper 2002) was used to perform the penalized
logistic regression. The general line of command employed was:
Fit <- logistf (Y ~ Xn, data=dat)

where fit is the new created object, logistf is the command that implements biased-reduced logistic
regression, Y is the dependent variable, Xn is the independent variable or set of covariates, data is the
repository. The function “summary” outputs the results of the logistic regression and the last line of
code outputs the odds ratio and confidence intervals by exponentiation of e to the value of the
coefficients or confidence intervals.
Confidence intervals and test for the firth logistic regression can be based on the profile
penalized log likelihood or Wald method (Heinze and Schemper 2002). In this study, which method to
use was decided by plotting the profile penalized log likelihood (PPL). If PPL shape was symmetric,
then Wald method was employed, otherwise if asymmetric, profile penalized log likelihood intervals
were used (Heinze and Ploner 2004).
From the results of the univariate penalized logistic regression, the independent variables
with a p-value of less than 0.25 were retained (Noordhuizen et al. 2001) to be included in the
following multivariate regression analysis.
Before conducting multivariate logistic regression, collinearity was checked between
independent variables using Spearman’ rank correlation coefficients (Heidl 2014).
Backward stepwise method was used to regress in the multivariate models. The procedure
allows excluding those variables with a p-value > 0.05 in the multivariate, one-by-one in each of the
step the model performs. Backward method was selected as it has proven to be useful when
conducting exploratory work (Agresti and Finlay 1986). Forward method was not selected because of
possible suppressor effect (Heidl 2014), while enter method suitable when conducting theory testing
(Studenmund and Cassidy 1987).
Likelihood ratio test was performed to test whether the final model was significantly better
at predicting when covariates were included compared to the null model. As such it provided a
measure for the goodness-of-fit for the final multivariate models. The final models were considered
an improvement to the null model if the χ2 was positive and the p-value of the likelihood ratio test
was < 0.05 (Fox 1997).
Besides the logistic regression for the association of the dependent intention variables with
the psychological variables as covariates, multivariate logistic regression was performed to inquire
about the effect of the sociodemographic features on attitudes, subjective norms and perceived
behavioural control items of the TPB.
A first selection of the sociodemographic features to include in the univariate analysis was
performed by checking for influential observations (Heidl 2014). Evident leptokurtosis was identified
(i.e. the distribution deviated considerable from normality with one category showing a much higher
frequency than the others, also known as ‘heavy-tailed’ distribution). By excluding those variables
that presented a noticeable leptokurtosis is possible to avoid influential observation from biasing the
regression results. Leptokurtic distribution can cause the regression model to fail because of
abnormal sample information (DeCarlo 1997). For example, the sociodemographic variable ‘sex’ is
categorical and can take two possible values in this study: ‘male’ and ‘female’. Over the 96
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respondents, 84 indicated ‘male’ and only 5 ‘female’; this shows a leptokurtic distribution and the
regression model subsequently collapse and not show reasonable results. The sociodemographic
variables excluded with this analysis are: ‘Sex’, ‘Type of olives produced’ and ‘Role in the orchard’.
The regression for the sociodemographic variables procedure followed the same explorative
univariate analysis that was performed for the intention variables, retaining those variables found
significant for the multivariate regression model.
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3. RESULTS
3.1 Results of the descriptive analysis
3.1.1 Respondents socio-demographic characteristics
In total 96 olive growers were interviewed in the Lecce province, with respect to their
intentions, attitudes, subjective norms and perceived behavioural control towards the control
measures for OQDS and Xylella fastidiosa.
Table 1 Socio-demographic characteristics of olive growers surveyed in the Lecce province, Apulia, Italy

(n=96).

Categorical variables
Sex*
Age

•
•

Male
Female

•
Less than 30 years
•
Between 30 and 45
•
Between 46 and 60
•
More than 60
Family size*
•
Less than 3
•
From 3 to 6
•
More than 6
Education
•
Elementary school
•
Middle school
•
High school
•
University
Role**
•
Owner
•
Manager
•
Workforce
Additional workforce
•
Yes
•
No
Average gross income from the Orchard
•
Less than 15,000 €
•
Between 15,000 and 25,000 €
•
Between 25,000 and 35,000 €
•
Between 35,000 and 45,000 €
•
More than 45,000 €
Sources of income from the orchard**
•
Agrotourism
•
Direct sale
•
Educational farm
•
Oil mill
•
Other sources
Type of agriculture
•
Organic
•
Conventional
•
Both organic and conventional
Type of olive produced*
•
Table olives
•
Oil olives
•
Both table and oil olives
Cultivars employed**
•
Ogliarola
•
Cellina di Nardò
•
Leccino
•
Frantoio
•
Other cultivar

Frequency

Percentage (%)

84
5

94.4
5.6

6
12
35
43

6.3
12.5
36.5
44.8

75
19
1

78.9
20.0
1.1

7
26
38
25

7.3
27.1
39.6
26

96
93
51

100
96.9
53.1

87
4

95.6
4.4

45
26
14
8
1

47.9
27.7
14.9
8.5
1.1

12
43
4
11
56

12.9
46.2
4.3
11.8
60.2

14
75
6

14.6
79.2
6.3

2
84
9

2.1
88.4
9.5

87
23
15
11
4

94.6
25.0
16.3
12.0
4.3
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Intercropping
•
No
•
Yes

Intercrop
susceptible
to
fastidiosa
Directly surrounded by other olive orchards
•
Yes
•
No
Infected olive trees in the orchard
•
Yes
•
No
* Some values missing; ** Multiple answers allowed
o

Continuous variables

Olive orchard density (Trees/ha)
Years of operation of the orchard
Years of respondent operation in the orchard*
Average olive production (in Ton)
* Some values missing

X.

Mean

131.00
161.41
23.00
15.08

68
28
19

70.8
29.2
67.8

86
10

89.6
10.4

42
54

43.8
56.3

Standard deviation
137.09
100.20
9.64
20.28

Range (Min - Max)
35 – 1200
25 – 700
3 – 45
0.90 – 90.00

The majority of the respondents is above 46 years old (45% of the respondents are more
than 60 years old, and 36.5% are between 46 and 60 years old). 84 respondents are males and 5 are
females, with 7 missing values. The average number of people living with olive growers is less than 3.
High school is the level of education with the highest frequency (39.6%), followed by middle school
(27.1%), university (26%) and primary school (7.3%). The majority of olive growers (95.6% of the
respondents) indicated they make use of additional workers for those activities connected with the
orchard. The highest frequency for average gross income from the orchard is less than 15,000 €
(46.9%), while only 1 respondent indicated to have a gross income of more than 45,000 €. The
average olive trees density in the orchard is 131 trees/ha, but it ranges from 35 trees/ha for
traditional orchards to 1200 trees/ha for highly intensive plantation. The sample showed noticeable
difference in the years of operation of the plantations as well, with relatively new orchard that have
been operating for 25 years and with olive plantation as old as 700 years. The results show that the
sample is representative of population of the province (see Istituto Nazionale di Statistica (2010)).A
list with the municipality in which the orchards are located is available in the Annex.

3.1.2 Respondents’ intention to participate in control measures
Intentions of olive growers to take part in the control options differ among the indicated
measures. Approximately 98% of the respondents stated they would inform the authority in case
they suspected an olive tree to be infected (I1). Almost 84% indicated this year they would prune
their trees as a preventive measure for OQDS (I2). When asked about the use of phytosanitary
products to control the population of the vectors on their olive trees (namely Philaenus spumarius),
only 26% of the respondents answered they would employ some kind of product (I3), while 82%
answered they would till the soil and remove the weeds to control the population of P. spumarius
(I4). When the respondents were instead asked about reactive measures against OQDS, 86%
responded they would carry out extraordinary pruning (I5) when a tree would be identified as
infected or suspected to be. On the extreme side of the reactive measures, only 30% answered to
agree with uprooting a tree if infected (I6), a percentage that only slightly increases when a small
compensation, as indicated in Silletti plan (I7), for the uprooting is given (32%), and when a
compensation equal to the current market price (I8) of the tree is given (37%) (Table 2).
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Table 2 Intention of olive growers surveyed in Lecce province, Italy to participate in OQDS control measures
(n=96).

Intention
items
I1
I2
I3
I4
I5
I6
I7
I8

1

2

3

4

5

Strongly disagree
1.0%
5.2%
17.7%
0.0%
0.0%
32.3%
19.8%
16.7%

Disagree
0.0%
3.1%
21.9%
3.1%
0.0%
31.3%
31.3%
35.4%

Neutral
1.0%
7.3%
34.4%
14.6%
13.5%
6.3%
16.7%
10.4%

Agree
38.5%
45.8%
18.8%
43.8%
39.6%
18.8%
22.9%
15.6%

Strongly agree
59.4%
38.5%
7.3%
38.5%
46.9%
11.5%
9.4%
21.9%

Positive1
responses
97.9%
84.4%
26.0%
82.3%
86.5%
30.2%
32.3%
37.5%

Cronbach’s alpha for Intentions was 0.7.
1 Cumulative percentage for each item of responses with score of 4 and 5.
I1 Report to competent authorities in case an olive tree is suspected to be infected; I2 Regularly prune healthy trees; I3 Employ
phytosanitary treatments against the vectors; I4 Carry out weeding and soil tillage; I5 Carry out extraordinary pruning if tree is infected or
suspected to be; I6 Uproot infected tree without any compensation from the government; I7 Uproot infected tree with “Silletti plan”
compensation; I8 Uproot infected tree with compensation equal to the market price.

3.1.3 Respondents psychological variables in relation to intention for OQDS control
measures
Attitude (A)

Olive growers’ attitude items were designed to be measure specific; only three (A7, A8 and
A9) of them are general measuring the attitudes towards the statements: Xylella fastidiosa is a threat
to trees health, a threat to the provincial olive growing sector and the transmission of Xylella
fastidiosa is mediated by the insect vector, Philaenus spumarius. Olive growers showed to hold
positive attitudes for all these items (positive scores > 90%) (Table 3).
With respect to the measure specific attitude items, olive growers had a positive attitude
towards control measures in relation with reporting suspected cases of infection to the authority
(A1) (63.5%), extraordinary (A2) and ordinary (A3) pruning (respectively 60 and 70.8%), and soil
management practices (A5) like weeding and superficial soil tillage (69.8%). Instead, they exhibit a
negative attitude towards the use of phytosanitary products against the vector (A4) (29.5%) and
towards uprooting of infected trees (A6) (43.7%).

Subjective Norm (SN)

Overall, olive growers indicated that their decisions are not determined by other’s influence
as all the items in subjective norm section are negative. Only one item which refers to the category of
plant pathologists (SN5.5) scored more positive responses (64.9%). The vast majority of farmers
perceived the influence of the mayor (SN5.7) as the least relevant in their decision-making, with only
a small fraction of positive responses (2.0%). A slightly relevant family influence (SN5.1) is perceived
by farmers (42.7%). It is noticeable how the perceived influence of the European Union changes
when the statement refers to: the EU demanding (SN3) the application of measures (40%) or the EU
decisions being influent (SN5.8) on olive growers’ intentions (15.6%) (Table 3).

Perceived behavioural control (PBC)

The survey revealed that although most of the respondents believed that identifying (PBC3)
the authority is easy (96.9%), less considered contacting (PBC4) the authority as easy (81%). Most of
the olive growers also found the cost (PBC1) and the knowledge (PBC2) about the use of
phytosanitary products an obstacle (respectively 40.6% and 39.6%). No significant barrier was
perceived in regards to the soil management options, that is weeding and soil tillage both
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knowledge-wise and cost-wise. The ability to carry out extraordinary pruning (PBC7) was perceived
as being less of an obstacle, showing more positive responses (91.6%), than costs (PBC8) related to
the procedure of extraordinary pruning, showing less positive responses (69.8%) (Table 3).
Table 3 Attitudes (A), Subjective norms (SN and Perceived behavioural control (PBC) in relation to OQDS
control measures (n=96 olive growers surveyed in Lecce province, Italy).

Attitude
items
A1
A2
A3
A4
A5
A6
A7
A8
A9

1

2

3

4

5

Strongly disagree
3.1%
6.3%
5.2%
7.4%
2.1%
12.5%
0.0%
0.0%
0.0%

Disagree
7.3%
15.8%
13.5%
22.1%
6.3%
27.1%
2.1%
1.0%
0.0%

Neutral
26.0%
17.9%
10.4%
41.1%
21.9%
16.7%
0.0%
8.3%
1.0%

Agree
33.3%
40.0%
41.7%
24.2%
44.8%
25.0%
19.8%
37.5%
27.1%

Strongly agree
30.2%
20.0%
29.2%
5.3%
25.0%
18.8%
78.1%
53.1%
71.9%

Positive1
responses
63.5%
60.0%
70.8%
29.8%
69.8%
43.8%
97.9%
90.6%
98.9%

Cronbach’s alpha for attitude items was <0.7 because of items’ multidimensionality, as they are measuring different construct and are
measure specific.
A1 Report cases of infection is useful; A2 Extraordinary pruning is useful; A3 Ordinary pruning is useful; A4 Phytosanitary treatments are
useful to control the vector; A5 Weeding and superficial tillage are useful to control the vector; A6 Uprooting is useful; A7 X. fastidiosa is a
threat for olive trees; A8 X. fastidiosa is vectored by the meadow spittlebug P. spumarius; A9 X. fastidiosa is a threat for the provincial olive
growing sector.

SN items

1

2

3

4

5

SN1
SN2
SN3
SN4
SN5.1
SN5.2
SN5.3
SN5.4
SN5.5
SN5.6
SN5.7
SN5.8

Strongly disagree
4.2%
8.3%
5.3%
19.8%
11.5%
19.8%
20.8%
31.3%
4.2%
16.8%
67.7%
26.0%

Disagree
44.8%
29.2%
15.8%
42.7%
32.3%
44.8%
31.3%
36.5%
12.5%
27.4%
25.0%
32.3%

Neutral
32.3%
31.3%
38.9%
16.7%
13.5%
15.6%
22.9%
17.7%
18.8%
32.6%
5.2%
26.0%

Agree
11.5%
18.8%
24.2%
14.6%
27.1%
17.7%
15.6%
9.4%
37.5%
18.9%
1.0%
14.6%

Strongly agree
7.3%
12.5%
15.8%
6.3%
15.6%
2.1%
9.4%
5.2%
27.1%
4.2%
1.0%
1.0%

Positive1
responses
18.8%
31.3%
40.0%
20.8%
42.7%
19.8%
25.0%
14.6%
64.6%
23.2%
2.1%
15.6%

Cronbach’s alpha for SN items was 0.78.
SN1 Most people important for me want me to apply control measures for X. fastidiosa; SN2 Government expects me to apply control
measures; SN3 I would apply EU-defined control measures; SN4 I feel under social pressure to apply control measures; My decision to
apply control measures is influenced by: SN5.1 Family, SN5.2 Neighbours, SN5.3 Neighbouring farmers, SN5.4 Regional gov., SN5.5 Plant
pathologists, SN5.6 Farmers’ associations, SN5.7 Mayor, SN5.8 EU decisions.
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PBC items

PCB1
PCB2
PCB3
PCB4
PCB5
PCB6
PCB7
PCB8
PCB9
PCB10

1
Strongly disagree
1.0%
3.1%
1.0%
1.0%
1.0%
2.1%
1.1%
4.2%
0.0%
1.0%

2
Disagree
23.9%
13.5%
1.0%
6.3%
1.0%
4.2%
0.0%
4.2%
11.5%
3.1%

3
Neutral
34.4%
43.8%
1.0%
11.5%
2.1%
10.4%
7.4%
21.9%
30.2%
8.3%

4
Agree
25.0%
28.1%
47.9%
41.7%
46.9%
42.7%
43.2%
28.1%
30.2%
33.3%

5
Strongly agree
15.6%
11.5%
48.9%
39.6%
48.9%
40.6%
48.4%
41.7%
28.1%
54.2%

Positive1
responses
40.6%
39.6%
96.9%
81.3%
95.8%
83.3%
91.6%
69.8%
58.3%
87.5%

Cronbach's alpha for PBC items was 0.73
1 Cumulative percentage for each item of responses with score of 4 and 5.
PBC1 Have money for phytosanitary treatments; PBC2 Know how to use phytosanitary treatments; PBC3 Know which authority to contact;
PBC 4 Contacting the authority is easy and quick; PBC5 Know how to till and weed; PBC6 Have money to till and weed; PBC7 Know how to
carry out extraordinary pruning; PBC8 Have money foe extraordinary pruning; PBC9 Have resources to carry out ordinary pruning; PBC10
Know how and who to contact in case uprooting is necessary.

3.2 Results of logistic regression analysis
3.2.1 Association of intention to uptake Xylella fastidiosa and OQDS control measures
with psychological variables
Univariate logistic regression was performed for each of the eight dependent variables, i.e.
olive growers’ intentions, with the correspondent set of intention-specific independent variables,
latent or individual (Table 4). For each analysis, those independent variables with a p-value less than
0.25 were retained to include in the multivariate model. No high levels of multicollinearity were
observed among the predictors, as all the correlation values (p) were below 0.8 (Fox 1997).
Therefore, all the remaining covariates were retained in the multivariate model.
Table 4 Intention-specific predictor variables to be analysed with logistic regression model

Dependent
Intention variable

Correspondent Attitude Correspondent
independent variable
Subjective norm
independent variable1

I1
I2
I3
I4
I5
I6
I7
I8

A1, A7, A9
A3, A7, A9
A4, A7, A8, A9
A5, A7, A8, A9
A2, A7, A9
A6, A7, A9
A6, A7, A9
A6, A7, A9

����
SNi
����i
SN
����i
SN
����
SNi
����i
SN
����
SNi
����i
SN
����
SNi

Correspondent
Perceived behavioural
control
independent
variable
PBC3, PBC4
PBC9
�����1,22
PBC
PBC5, PBC6
PBC7, PBC8
�����
PBC4,10 3
�����4,10 3
PBC
�����
PBC4,10 3

Average of Subjective norm individual items’ scores. The average has been calculated because Cronbach’s alpha for items of Subjective
norm psychological variable is 0.78
2 Average of two Perceived behavioural control items (PBC1 and PBC2); Cronbach’s alpha is 0.74
3
Average of two Perceived behavioural control items (PBC4 and PBC10); Cronbach’s alpha is 0.71
1
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Table 5 Determinants of positive intention to report to competent authorities in case olive trees are
suspected to be infected, as a preventive measure against OQDS (I1) (n=96)

Variables
A11

A7
A9

1

Univariate model
OR
95% CI

p-value

•
•

Low
High

1.00
1.86

0.59 – 5.75

0.26

•
•

Low
High

1.00
4.37

1.12 – 18.28

0.02

•
•

Low
High

1.00
7.31

0.92 – 92.52

0.05

Low
High

1.00
1.37

0.10 – 192.69

0.83

Low
High

1.00
2.13

0.45– 5.71

0.23

Low
High

1.00
1.81

0.42 – 6.35

0.34

SN1, 2
•
•
PBC31
•
•
PBC4
•
•

Multivariate model
OR
95% CI

p-value

1.00
3.90

0.01

1.29 - 12.53

OR=Odds ratio; CI=Confidence Interval
p-value shown in bold represents p<0.25; these variables are therefore selected to be included in the multivariable logistic regression
analysis
The likelihood ratio test (LRT) χ2 (1) = 5.45, p-value: 0.01
1 Univariate Firth regression was carried out because of quasi-separation
2
Average of Subjective norm individual items’ scores. Cronbach’s alpha is 0.78

In the multivariate model, only the predictor variable A7 a was significantly associated with a
high intention to report to the authorities (Table 5). The predictor A9 b and A1 c were excluded based
on their p-values by a stepwise entrance backward method. Olive growers who consider Xylella
fastidiosa a threat that should be controlled are more likely to report to authority in case they
suspect their trees to be infected (OR 3.90; 95% CI 1.29 – 12.53) compared to those who do not
consider Xylella a threat.

a
b
c

X. fastidiosa is a threat for olive trees
X. fastidiosa is a threat for the provincial olive growing sector
Report cases of infection is useful
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Table 6 Determinants of positive intention to carry out ordinary pruning on olive trees, as a preventive
measure against OQDS (I2) (n=96)

Variables
A3

Univariate model
OR
95% CI

p-value

•
•

Low
High

1.00
0.85

0.48 – 1.37

0.53

•
•

Low
High

1.00
1.27

0.45 – 2.90

0.58

•
•

Low
High

1.00
2.24

0.79 – 6.22

0.12

•
•
PBC9
•
•

Low
High

1.00
1.85

0.45 – 12.57

0.44

Low
High

1.00
2.19

A7
A9

1

SN2

1.21 – 4.24

0.01

Multivariate model
OR
95% CI

1.00
2.11 1.19 - 4.00

p-value

<0.01

OR=Odds ratio; CI=Confidence Interval
p-value shown in bold represents p<0.25; these variables are therefore selected to be included in the multivariable logistic regression
analysis
The likelihood ratio test (LRT) χ2 (1) = 6.74, p-value: <0.01
1 Univariate Firth regression was carried out because of quasi-separation
2 Average of Subjective norm individual items’ scores. Cronbach’s alpha is 0.78

According to the multivariate model (Table 6), the perceived behavioural control item PBC9a
is significantly associated with a positive intention for ordinary pruning. Farmers who perceive they
have the resources, both time and money, to regularly carry out ordinary pruning on olive trees, are
almost twice as much likely to perform the preventive pruning on healthy olive trees (OR 2.11; 95%
CI 1.19 – 4.00) compared to those olive growers who perceived limitations and have a low score for
item PBC9. Other predictor variables, which had been included in the multivariate model, have been
discarded because of increased predictive ability of the model when those covariates were not
present.

a

Have resources to carry out ordinary pruning
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Table 7 Determinants of positive intention to employ phytosanitary treatments to reduce vectors’
population, as a preventive measure against OQDS (I3) (n=96)

Variables
A4

A71
A8
A91
SN

2

OR

Univariate model
95% CI
p-value

•
•

Low
High

1.00
6.02

2.88 – 14.92

<0.01

•
•

Low
High

1.00
1.49

0.65 – 4.86

0.37

•
•

Low
High

1.00
1.50

0.75 – 3.28

0.26

•
•

Low
High

1.00
1.03

0.41– 2.80

0.94

•
•

Low
High

1.00
0.93

0.27 – 2.76

0.90

Low
High

1.00
2.90

PBC3
•
•

1.13 – 7.95

0.03

Multivariate model
OR
95% CI
p-value
1.00
5.85

2.78 – 14.93

<0.01

1.00
3.69

1.19 – 12.93

<0.01

OR=Odds ratio; CI=Confidence Interval
p-value shown in bold represents p<0.25; these variables are therefore selected to be included in the multivariate logistic regression
analysis
The likelihood ratio test (LRT) χ2 (2) = 34.74, p-value: <0.01
1 Univariate Firth regression was carried out because of quasi-separation
2 Average of Subjective norm individual items’ scores. Cronbach’s alpha is 0.78
3
Average of two Perceived behavioural control items (PBC1 and PBC2); Cronbach’s alpha is 0.74

The latent variable for two PBC items (PBC1 a and PBC2 b) and the attitude item A4 c are
significantly associated with a high intention to use phytosanitary products to reduce vectors’
populations (Table 7). Olive growers who had a positive attitude towards the application of the
products are more likely to have a higher level of intention to participate in the measure (OR 5.85;
95% CI 2.78 – 14.93) compared to farmers with a low attitude score. For the use of phytosanitary
products, money availability and knowledge to use phytosanitary products are significant obstacles.
The odds of having a high level of intention to employ the products are higher (OR 3.69; 95% CI 1.19
– 12.93) for those who agreed or strongly agreed with the statements “I have money to buy
phytosanitary products” and “I know how to use phytosanitary treatments to control vectors’
population” (PBC latent variable for phytosanitary treatments).

a
b
c

Have money for phytosanitary treatments
Know how to use phytosanitary treatments
Phytosanitary treatments are useful to control the vector

23

Table 8 Determinants of positive intention to employ soil management strategies to reduce vectors’
population, as a preventive measure against OQDS (I4) (n=96)

Variables
A5
A7
A8
A91
SN

2

OR

Univariate model
95% CI

p-value

•
•

Low
High

1.00
1.11

0.62 – 1.90

0.70

•
•

Low
High

1.00
1.61

0.68 – 3.62

0.23

•
•

Low
High

1.00
5.34

2.35 – 14.46

<0.01

•
•

Low
High

1.00
1.81

0.65 – 4.84

0.24

Low
High

1.00
2.21

0.55 – 14.87

0.32

Low
High

1.00
0.77

0.29 – 1.63

0.54

Low
High

1.00
1.14

0.63 – 1.94

0.63

•
•
PBC51
•
•
PBC6
•
•

OR

1.00
4.89

Multivariate model
95% CI
p-value

2.22 – 12.63

<0.01

OR=Odds ratio; CI=Confidence Interval
p-value shown in bold represents p<0.25; these variables are therefore selected to be included in the multivariable logistic regression
analysis
The likelihood ratio test (LRT) χ2 (1) = 17.31, p-value: <0.01
1
Univariate Firth regression was carried out because of quasi-separation
2
Average of Subjective norm individual items’ scores. Cronbach’s alpha is 0.78

The attitude item A8 a is significantly associated with high levels of intention to carry out soil
management strategies. Farmers who considered X. fastidiosa vectored by the meadow spittlebug
and had high scores for the correspondent attitude item have higher odds to employ control
measures such weeding and soil tillage (OR 4.89; 95% CI 2.22 – 12.63) than those with low level of
attitude A8 (Table 8).

a

X. fastidiosa is vectored by the meadow spittlebug
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Table 9 Determinants of positive intention to carry out extraordinary pruning in case the tree is infected or
shows symptoms employ, as a reactive measure against OQDS (I5) (n=95)

Variables
A21

OR

Univariate model
95% CI

p-value

•
•

Low
High

1.00
5.26

2.57 – 14.43

<0.01

•
•

Low
High

1.00
1.75

0.69 – 4.08

0.18

•
•

Low
High

1.00
1.59

0.49 – 4.63

0.40

•
•
PBC7
•
•
PBC8
•
•

Low
High

1.00
0.06

0.01 – 0.24

<0.01

Low
High

1.00
1.51

0.67 – 3.25

0.27

Low
High

1.00
3.05

A7
A91
SN2

1.75 – 6.05

<0.01

OR

Multivariate model
95% CI
p-value

1.00
6.67

2.44 – 36.12

<0.01

1.00
0.05

0.03 – 0.34

<0.01

1.00
2.34

1.19 – 6.11

<0.01

OR=Odds ratio; CI=Confidence Interval
p-value shown in bold represents p<0.25; these variables are therefore selected to be included in the multivariable logistic regression
analysis
The likelihood ratio test (LRT) χ2 (3) = 46.38, p-value: <0.01
1 Univariate Firth regression was carried out because of quasi-separation
2
Average of Subjective norm individual items’ scores. Cronbach’s alpha is 0.78

In the multivariate regression model (Table 9), the variable A2 a, the latent variable for
subjective norm and the perceived behavioural control item PBC8 b were significantly associated with
the intention to carry out extraordinary pruning in cases of infection due to Xylella fastidiosa. Olive
growers who agreed or strongly agreed with the statement “Extraordinary pruning of infected olive
trees reduces chances of the disease to spread” were more likely to have a positive intention to this
specific control measure (OR 6.67; 95% CI 2.44 – 36.12) compared to those with a negative attitude.
Farmers with positive subjective norm towards extraordinary pruning were instead less likely to
participate in this control measure for infected olive plants (OR 0.05; 95% CI 0.03 – 0.34).

a
b

Extraordinary pruning is useful
Have money foe extraordinary pruning
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Table 10 Determinants of positive intention to uproot an infected tree without any form of compensation, as
a reactive measure against OQDS (I6) (n=96)

Variables
A6
A7

1

A91
SN2
PBC

OR

Univariate model
95% CI
p-value

•
•

Low
High

1.00
5.45

2.95 – 12.29

<0.01

•
•

Low
High

1.00
1.20

0.58 – 3.08

0.63

•
•

Low
High

1.00
0.59

0.24 – 1.41

0.23

•
•

Low
High

1.00
0.51

0.13 – 1.56

0.27

•
•

Low
High

1.00
2.65

0.65 – 17.91

0.22

3

Multivariate model
OR
95% CI
p-value
1.00
5.74

3.04 – 13.36

<0.01

1.00
0.22

0.05 – 0.82

<0.01

OR=Odds ratio; CI=Confidence Interval
p-value shown in bold represents p<0.25; these variables are therefore selected to be included in the multivariable logistic regression
analysis
The likelihood ratio test (LRT) χ2 (2) = 50.00, p-value: <0.01
1 Univariate Firth regression was carried out because of quasi-separation
2 Average of Subjective norm individual items’ scores. Cronbach’s alpha is 0.78
3 Average of two Perceived behavioural control items (PBC4 and PBC10); Cronbach’s alpha is 0.71

The perception of olive growers about the negative impact of Xylella fastidiosa on the
provincial olive growing sector was significantly associated with the intention to participate in the
uprooting measure (Table 10). Farmers who agreed or strongly agreed with the statement “Xylella
fastidiosa is a threat for the provincial olive growers, therefore it should be controlled” were less
likely to participate in the uprooting measure (OR 0.22; 95% CI 0.05 – 0.82) compared to their
counterpart, when there is neither compensation for the procedure nor for the loss of the tree. The
attitude item A6 for uprooting as an important reactive measure towards the spread of the
bacterium and of disease was significantly associated with intention to uproot without
compensation. Those growers who agreed or strongly agreed with the statement “Uprooting of
infected trees is important to help slowing down and containing the spread of the disease” were
more likely to have a positive intention to uproot without compensation (OR 5.74; 95% CI 3.04 –
13.36) than their counterpart.
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Table 11 Determinants of positive intention to uproot an infected tree with compensation as envisioned by
the Silletti plan, as a reactive measure against OQDS (I7) (n=96)

Variables
A6
A7

1

A91
SN2
PBC

OR

Univariate model
95% CI
p-value

•
•

Low
High

1.00
6.43

3.42 – 15.63

<0.01

•
•

Low
High

1.00
1.30

0.63 – 3.39

0.49

•
•

Low
High

1.00
0.55

0.23 – 1.31

0.18

•
•

Low
High

1.00
0.45

0.12 – 1.28

0.19

•
•

Low
High

1.00
2.95

0.72 – 19.92

0.17

3

Multivariate model
OR
95% CI
p-value
1.00
7.12

3.56 – 18.13

<0.01

1.00
0.16

0.03 – 0.64

<0.01

OR=Odds ratio; CI=Confidence Interval
p-value shown in bold represents p<0.25; these variables are therefore selected to be included in the multivariable logistic regression
analysis
The likelihood ratio test (LRT) χ2 (2) = 57.88, p-value: <0.01
1 Univariate Firth regression was carried out because of quasi-separation
2 Average of Subjective norm individual items’ scores. Cronbach’s alpha is 0.78
3 Average of two Perceived behavioural control items (PBC4 and PBC10); Cronbach’s alpha is 0.71

The attitude items A6 a and A9 b were significantly correlated with the intention to participate
in the uprooting of infected trees in case a partial compensation were given (Table 11). Olive growers
who agreed or strongly agreed with the statement “Uprooting of infected trees is important to help
slowing down and containing the spread of the disease” were more likely to have a positive intention
towards uprooting (OR 7.12; 95% CI 3.56 – 18.13). Conversely, farmers who had high level of attitude
item A9 were less likely to have a positive intention towards the same measure (OR 0.16; 95% CI 0.03
– 0.64) than their counterpart who had low level of attitude A9.

a
b

Uprooting is useful
X. fastidiosa is a threat for the provincial olive growing sector
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Table 12 Determinants of positive intention to uproot an infected tree with compensation equal to the
market price of an olive tree, as a reactive measure against OQDS (I8) (n=96)

Variables
A6
A7

1

A91
SN2
PBC

OR

Univariate model
95% CI

p-value

•
•

Low
High

1.00
3.25

2.09 – 5.51

<0.01

•
•

Low
High

1.00
1.97

0.87 – 5.99

0.11

•
•

Low
High

1.00
0.74

0.32 – 1.75

0.49

•
•

Low
High

1.00
0.65

0.21 – 1.83

0.43

•
•

Low
High

1.00
1.41

0.42 – 5.56

0.59

3

Multivariate model
OR
95% CI
p-value
1.00
3.10

2.02 – 5.16

<0.01

OR=Odds ratio; CI=Confidence Interval
p-value shown in bold represents p<0.25; these variables are therefore selected to be included in the multivariable logistic regression
analysis
The likelihood ratio test (LRT) χ2 (1) = 34.55, p-value: <0.01
1 Univariate Firth regression was carried out because of quasi-separation
2 Average of Subjective norm individual items’ scores. Cronbach’s alpha is 0.78
3 Average of two Perceived behavioural control items (PBC4 and PBC10); Cronbach’s alpha is 0.71

In the multivariate logistic regression model (Table 12) the attitude item A6 is significantly
associated with the intention to uproot infected trees in case of a compensation equal to the market
price of the olive tree. The odds of having a positive intention to uproot are higher for those olive
growers who agreed or strongly agreed with the statement “Uprooting of infected trees is important
to help slowing down and containing the spread of the disease” (OR 3.10; 95% CI 2.02 – 5.16)
compared to those farmers who were neutral, disagreed or strongly disagreed to the statement.
Attitude item A7 a was excluded because during the backward stepwise procedure because it showed
p-value > 0.05.

a

X. fastidiosa is a threat for olive trees
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3.2.2 Association of socio-demographic on the values of the psychological variables
significantly associated with intention to uptake Xylella fastidiosa and OQDS control
measures
Univariate logistic regression was performed for each of the psychological variables
significantly associated with intentions. For each analysis, those independent variables with a p-value
less than 0.25 were retained to include in the multivariate model. High levels of multicollinearity
were not identified among the predictors, as all the correlation values (p) were below 0.8 (Fox 1997).
Therefore, all the remaining covariates were retained in the multivariate model.
Table 13 Multivariable regressions revealing the association of socio-demographic features on the values of
the psychological variables significantly associated with intention to uptake Xylella fastidiosa and OQDS
control measures.

Sociodemographic features significantly associated with
intentions to
Prune regularly trees as a preventative measure:
PBC9 (N=90) (LRT χ2(2) = 48.38, p-value: <0.01)
Education
Elementary school
Middle school
High school
University
Average gross income (in Euro)
< 15,000
15,000 – 25,000
25,000 – 35,000
35,000 – 45,000
> 45,000

Multivariate model
OR

p-value

1.53
1.21
1.88
2.61

1.13 – 2.08
1.03 – 1.41
1.65 – 2.14
2.22 – 3.06

<0.01
0.18
0.23
<0.01

1.30
2.15
2.70
2.72
2.72

1.16 – 1.46
1.85 – 2.50
2.21 – 3.33
2.07 – 3.55
1.27 – 5.81

<0.01
<0.01
<0.01
<0.01
0.06

1.00 – 1.01
1.00 – 1.01

<0.01
<0.01

2.71
1.94
1.77
1.35

1.86 – 3.95
1.49 – 2.54
1.51 – 2.06
1.17 – 1.55

<0.01
0.15
0.04
<0.01

1.00
0.58

0.45 – 0.76

<0.01

1.38
1.64
2.53
2.71

1.21 – 1.57
1.93 – 1.94
1.98 – 3.21
1.43 – 5.13

<0.01
0.10
<0.01
0.04

Employ phytosanitary products to reduce vectors’
population:
A4 (N=89) (LRT χ2(2) = 7.78, p-value: 0.02)
Orchard density
1.001
Years of operation of the orchard
1.002
PBC (average of PBC1 and 2) (N=89)
(LRT χ2(3) = 39.42, p-value: <0.01)
Age (in years)
<30
30 – 45
46 – 60
> 60
Oil mill
No
Yes
Distance from closest infected tree
< 3 Km
3 – 7 Km
>7 Km
Unaware

CI 95%
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Carry out weeding and soil tillage to reduce vectors’
population:
A8 (N=96) (LRT χ2(1) = 6.36, p-value: 0.01)
Education
Elementary school
1.77
Middle school
2.51
High school
2.44
University
2.71

1.44 – 2.17
2.26 – 2.80
2.23 – 2.67
2.43 – 3.03

<0.01
<0.01
<0.01
<0.01

Carry out extraordinary pruning when a tree is infected
A2 (N=92) (LRT χ2(1) = 5.30, p-value: 0.02)
Average gross income (in Euro)
< 15,000
15,000 – 25,000
25,000 – 35,000
35,000 – 45,000
> 45,000

2.03
1.64
1.71
1.45
1.00

1.76 – 2.34
1.36 – 1.98
1.31 – 2.23
1.03 – 2.03
0.38 – 2.59

<0.01
0.08
0.26
0.07
0.15

SN (N=96) (LRT χ2(1) = 19.42, p-value: <0.01)
Direct sale
No
Yes

1.00
0.69

0.60 – 0.81

<0.01

1.77
1.64
1.93
2.71

1.29 – 2.42
1.39 – 1.94
1.68 – 2.21
2.29 – 3.21

<0.01
0.69
0.62
0.02

1.00
0.70

0.53 – 0.92

0.01

1.86
2.15
1.77
2.71
2.75
1.06

1.62 – 2.12
1.81 – 2.57
1.39 – 2.25
1.97 – 3.73
1.10 – 6.66
1.00 – 1.13

<0.01
0.19
0.71
0.03
0.41
0.02

1.15
1.36
1.48
2.05
1.03

0.81 – 1.63
1.13 – 1.63
1.27 – 1.72
1.70 – 2.47
1.00 – 1.06

0.42
0.40
0.19
<0.01
0.02

PBC8 (N=93) (LRT χ2(4) = 21.46, p-value: <0.01)
Education
Elementary school
Middle school
High school
University
Agrotourism
No
Yes
Average gross income (in Euro)
< 15,000
15,000 – 25,000
25,000 – 35,000
35,000 – 45,000
> 45,000
Average olive production
Uproot infected trees without compensation/with Silletti
plan compensation/with market value for an olive tree1
A6 (N=89) (LRT χ2(4) = 29.64, p-value: <0.01)
Education
Elementary school
Middle school
High school
University
Average olive production
Intercrop susceptible to Xylella fastidiosa
No

1.00
30

Yes
Distance from closest infected tree
< 3 Km
3 – 7 Km
>7 Km
Unaware

7.46

1.92 – 35.40

<0.01

1.35
1.64
1.90
2.71

1.18 – 1.55
1.38 – 1.95
1.47 – 2.44
1.39 – 5.30

<0.01
0.08
0.02
0.04

OR=Odds ratio; CI=Confidence Interval; LRT=Likelihood ratio test for goodness-of-fit of the multivariate model
The change in odds for polytomous categorical variable is the difference between the coefficients of the first variable indicator in order and
the other levels of the same variable (e.g., Education variable: having achieved Middle school level increases the odds by 0.21 = 1.15 – 1.36,
with respect to Elementary school)
1 The market value of olive trees was based on grower’s personal estimation

The perception of olive growers to have the resources to carry out ordinary pruning (PBC9)
was associated with farmers’ level of education and average income from the orchard’s activities.
The odds of perceiving to have time and money to carry out ordinary pruning were higher for those
olive growers with high education level and high yearly income, respectively, university education
(OR 2.61; 95% CI 2.22 – 3.06) and income above 35,000 euro a year (OR 2.72; 95% CI 2.07 – 3.55),
compared to those with lower levels of education achieved and lower income from the orchard.
The level of positive attitude towards the use of phytosanitary measures (A4) was
significantly influenced by the tree density of the orchard and by the number of years the orchard
had been in place operating. The higher the density of the crop, the higher the odds of having a
positive attitude towards the control option. The same can be said for the age of the orchard. The
older the orchard, the higher the odds of having a high attitude level.
The latent perceived behavioural control variable for phytosanitary treatments (PBC average
of PBC1 and 2) was associated significantly with olive growers’ age, olive milling activity and
orchard’s distance from the closest infected tree. In particular, those farmers with an age below 30
years had higher odds of perceiving they had the money and ability to use phytosanitary treatments
(OR 2.71; 95% CI 1.86 – 3.95) compared to those with an age above 30 years. Olive growers who
carried out olive milling showed to have lower PBC average of PBC1 and 2, and therefore perceived
money and ability to use phytosanitary products as a significant barrier (OR 0.58; 95 %CI 0.45 – 0.76).
Owners of orchards located at least 7 Km away for the closest infected tree had higher odds of
perceiving to have the ability to employ phytosanitary treatments and to have the money to but the
products (OR 2.53; 95% CI 1.98 – 3.21) than those farmers with an orchard located closer to an
infected tree; interestingly, those olive growers who were unaware of the location of closest locus of
infection had even higher odds than those located at least 7 Km away (OR 2.71; 95% CI 1.43 – 5.13).
The level of positive attitude towards the statement “Xylella fastidiosa is transmitted by the
meadow spittlebug, therefore the vectors should be controlled” (A8) was significantly influenced by
the education level of the respondent. Those farmers who accomplished university level education
had higher odds of considering Xylella vectored by Philaenus spumarius (OR 2.71; 95% CI 2.43 – 3.03)
compared to those with a lower level of education, for example farmers who only had elementary
school education (OR 1.77; 95% CI 1.44 – 2.17).
High levels of positive attitude towards extraordinary pruning as a reactive measure to
control the spread of X. fastidiosa and of OQDS (A2) were significantly influenced by the yearly
average income of olive growers. Those farmers with an income below 15,000 Euro a year had higher
odds (OR 2.03; 95% CI 1.76 – 2.34) of having a high level of positive attitude towards extraordinary
pruning than those with higher income.
The activity of direct selling was the only significantly influencing covariates for the latent
variable for subjective norm (SN). Those growers who carried out direct selling of their products had
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lowers odds to have a high level of subjective norm (OR 0.69; 95% CI 0.60 – 0.81) compared to those
who did not.
Money to carry our extraordinary pruning (PBC8) was a significant barrier for olive growers.
The odds of perceiving to have the money to carry out extraordinary pruning were higher for those
farmers with university education (OR 2.71; 95% CI 2.29 – 3.21) and an income above 45,000 Euro a
year (OR 2.75; 95% CI 1.10 – 6.66), compared those with lower income and lower achieved education
level. For those owners of olive orchards with an agrotouristic activity, the odds of perceiving to have
the money to carry out extraordinary pruning were lower (OR 0.70; 95% CI 0.53 – 0.92) than for
those growers who did not have an agrotourism connected with the orchard. Moreover, the odds of
perceiving to have the money for extraordinary pruning of infected trees were higher, the higher the
average olive production (OR 1.06; 95% CI 1.00 – 1.13).
The odds of having a positive attitude level towards the statement “Uprooting of infected
trees is important to help slowing down and containing the spread of the disease” (A6) were
significantly (p-value<0.01) influenced by the university education level of the respondent, the
average olive production, the susceptibility of the intercrop, if present, to X. fastidiosa and the
distance of the closest locus of infection for ODQS. Those farmers with a university level education
had higher odds of having a positive attitude towards A6 (OR 2.71; 95% CI 2.29 – 3.21) compared to
those with lower education level. The odds were higher for those olive growers with an orchard
situated at least 7 Km away from the closest infected tree (OR 1.90; 95% CI 1.47 – 2.44) and even
higher for those who were unaware of the location (OR 2.71; 95% CI 1.39 – 5.30). Farmers who
intercropped with species susceptible to Xylella fastidiosa had substantially higher odds to have a
positive attitude towards uprooting (OR 7.46; 95% CI 1.92 – 35.40) than those who did not intercrop
or have susceptible species in the crops. The higher the average olive production, the higher the odds
of having high levels of attitude A6 (OR 1.03; 95% CI 1.00 – 1.06).
The variables A7 and A9 were not significantly associated with the sociodemographic
features in the multivariate regression analysis (Table 13).
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4. DISCUSSION AND RECOMMANDATIONS
This study shows the majority of olive growers are in favour of pruning olive trees as a
preventive measure to control OQDS (Table 1). The perceived behavioural control variable that was
found to be significantly correlated with the intention to prune regularly healthy trees (PBC9) was
significantly associated with the education level and the farmers’ average gross income. That is, the
higher the education level farmers possessed and the higher the income, the higher the odds for
those olive growers to perceive less limitations in the uptake of pruning as a control measure.
Presence of collinearity was checked between the two variable education and income with
Spearman’s correlation coefficients and values were below 0.8, indicating absence collinearity. As
university is the education variable level that significantly increases the odds, it could be concluded
that farmers with more advanced degrees are generally better informed on the benefits of carrying
out ordinary pruning. For the high income olive growers, it could be said that for them bearing the
costs of pruning regularly their trees, is generally easier than for those with lowers income levels.
Pruning expenses could weigh considerably less on the costs of maintaining an orchard for those with
a more substantial income than for those with a lower one. A possible way to increase farmers’
intention to regularly prune could be via subsidizing the lower-income farmers. This could have a
positive effect with a much more general consequence as the majority (47.9%) of olive growers had
an average income below 15,000 Euro a year (Table 1), therefore increasing the magnitude of the
benefits for the control of the disease.
The survey and the analysis conducted for this study showed that only 26% (Table 2) of olive
growers was intending to apply phytosanitary treatments as a control measure for the population of
the vectors of X. fastidiosa (I3). Both attitude and perceived behavioural control intention-specific
items scored low levels (Table 1). The intention to employ phytosanitary treatments was found to be
significantly associated with both the attitude variable (A4) and the latent PBC variable, average of
PBC1 and PBC2 (α is 0.74). The analysis showed that an increase in the orchard density and in the
years the orchard has been operating is significantly associated with higher odds of positively
evaluating the efficacy of phytosanitary treatments. Possibly, the years of operation could increase
the odds of the measure-specific attitude because of bigger, non-necessarily economic, value
assigned to the orchard by the growers because of its age. The regression analysis shows that
individuals who evaluated positively the use of phytosanitary treatments and who did not perceive
money and knowledge of the products as hindrances were more likely to employ them. The latent
PBC variable was shown to be significantly influenced by the age of the respondent, by the distance
of the respondent’s orchard from the closest infected tree and by the farmer’s oil milling activity.
Individuals who were less than 30 years old perceived money and knowledge of the products less of
a barrier than the older one, in fact the odds of having high levels of the latent PBC variable decrease
as age increases. This is likely due to the fact that a higher number of individual who were below 30
received university education, making them more knowledgeable on the employment of
phytosanitary treatments. The analysis showed also how the farther from the closest infected tree,
the higher the level of the associated psychological variable. Moreover, if olive growers were
unaware of the location of the closest infection locus, their score on PBC item would utterly increase.
It is possible that proximity to the disease could make olive growers more cautious with the
estimation of their ability to tangibly counteract the disease, considering the ill-defined nature of the
syndrome, making them doubtful about the weather they had enough money or the ability to
properly apply phytosanitary products. The higher level of PBC for those growers who were farther
away or unaware of the infection loci could be due to the particular perception of still having a
chance to act, in a sense of preventing the disease from further spreading and establishing in those
locations. For those farmers with an oil milling facility, the level of the perceived behavioural control
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latent variable would decrease. This might be due to the perception growers could have of not
having enough money to invest in the purchase of phytosanitary treatments, or their evaluation of
the milling activity as being more remunerative compared to the production of olives itself. This
would mean a specialization of those growers towards only a specific activity of production chain.
For soil management practices to control vectors’ population, the attitude variable on the
nature of the disease as vector-borne showed to be significantly associated with education variable.
Those farmers with a higher level of education showed to be more inclined in considering X.
fastidiosa as transmitted by the meadow spittlebug P. spumarius. This might be due to the level of
information higher degrees grant, making those growers more knowledgeable on the transmission
itself or more able to understand the report issued to detail the nature of the disease. A possible way
to increase the uptake of soil management practices is information campaigning. Spreading the
knowledge about the way the syndrome spread might increase intentions level for the specific
measure. What will be crucial is the channel and coding that will be used to do so. The questionnaire
illustrated that plant pathologists, in the form of consultants or local experts, are highly influential
figures in farmers’ decision making process (Table 3). Therefore, bestowing them with the task of
making farmers more knowledgeable would be highly beneficial.
When an olive tree is infected, extraordinary pruning is necessary to reduce the vegetative
parts of the branches and decrease the source of inoculum. From this study it appears that the
evaluation of such practices is influenced by income level of olive growers. The olive growers with an
income level below 15,000 Euro a year were more likely to consider extraordinary pruning a useful
measure to contain or slow the spread of the disease. This might be due to the fact that the measure
is required to be applied only on infected trees, therefore its costs are possibly lower compared to
other more expensive options, such as diffuse ordinary pruning, soil tillage or phytosanitary
treatment. The subjective norm item also showed to be significantly associated with extraordinary
pruning and influenced in turn by the activity of direct sale. Those olive growers performing direct
sale could have lower levels of subjective norm, i.e. their decisions are not heavily influenced by
other actors. There are different possible explanations. It can be that those growers with an
independent sale activity are less bound to others when making choices, or at least feel they are. It
might be as well that their dependency on direct selling would make them reluctant to carry out
extraordinary pruning because of production losses, thus encouraging them not to comply with the
measures. Money constraint showed to be perceived as a significant barrier by olive growers when
deciding whether to carry out extraordinary pruning. Growers’ perceptions of money as a limiting
factor were influenced their education level, income, olive production and agrotourism activity. In
this study, farmers with a university degree appeared to be more likely to apply extraordinary
pruning. This might be because they are better informed on the usefulness of extraordinary pruning
and consequences of inaction, which would leave a standing source of inoculum in the orchard. High
income levels were also positively associated with extraordinary pruning. The higher the growers’
income levels, the stronger their perception of being able to cope with the expenses derived from
pruning. This finding suggests that a more accurate spread of information and incentives for the lowincome farmers to prune would probably increase farmers’ intention to carry out extraordinary
pruning. Those growers who own an agrotourism activity related with their orchard showed to
perceive money as a significant obstacle for the application of extraordinary pruning. Possibly, their
lower odds of taking up the measure might be explained by the dependency of their agrotourism on
the image the orchard has and the impact that pervasive pruning would generate when all the
vegetative organs are removed, leaving the trees bare. Olive production also influences the
perception of olive growers to have the money to carry out extraordinary pruning. The higher their
average olive production, the stronger their perception of being able to apply the measure.
Spearman’s correlation coefficients were used to check whether collinearity existed between olive
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production and income level, as these two sociodemographics are usually related to each other. The
value of the coefficient was <0.8. indicating the absence high values of collinearity and explaining the
inclusion in the model. It might be that growers with higher productive levels are more eager to
sacrifice the productivity of some trees as they can count on the residual production from the rest of
the orchard, therefore only marginally decreasing growers’ money availability.
Uprooting is probably the most controversial action that is proposed to counteract the
spread of the disease. The study shows that the majority of growers would not uproot a tree If it was
identified as infected (Table 2). Uprooting for growers is costly, imposes a fall in productivity and
creates great discomfort, possibly because of the economic loss of the tree but also because of the
emotional value attached to it, the latter being probably complicated to factor in. At the same time it
is currently the only measure that has been proven to effectively contain the spread of OQDS and
Xylella fastidiosa (Baker et al. 2015). In this study, three intention items were formulated with
respect to uprooting as a measure: uprooting without compensation, with limited compensation as
envisioned by the Silletti plan and with olive tree market price compensation. For the three intention
items, only the olive growers’ evaluation of the effectiveness, the attitude item A6, was found to be
significantly associated with the sociodemographic variables. In particular, it is influenced by
education, distance from closest infection locus, olive production and, when an intercropping is
done, by the susceptibility of the cultivation to X. fastidiosa. Notably, all the three intention items
related with uprooting are significantly associated with attitude variable A6. In the regression
analysis, growers with a university degree show to have significant association between the variable
education and a positive evaluation of the uprooting measure. University education usually provides
individuals with more information, therefore it could be said that farmers with a high level degree
are better informed over the issue of OQDS and would evaluate positively the effectiveness of
uprooting infected trees. Consistently with other psychological variable in the regression analysis, the
distance from the closest infected tree influences growers’ attitude towards the measure. The
farther the orchard from the infection loci, the higher their odds of considering uprooting a beneficial
action to contain the spread of the disease. This might be explained by the fact that far away growers
have not experienced the ravaging nature of the disease yet and value therefore uprooting as a
viable option. This could positively affect the implementation of a buffer zone, with the growers
residing that area far away from the infection loci. Nevertheless, it could also be said that farmers
who experienced the disease themselves or in their proximity are more cautious when evaluating the
effectiveness of uprooting. Besides, having an intercrop susceptible to Xylella fastidiosa shows to
significantly influence the intention-specific attitude. Those individuals who had an intercrop
susceptible are more likely to positively evaluate uprooting a beneficial useful measure. This is
probably caused by the farmer’s fear of suffering a double loss in case of infection, risking to see
more than one crop infected and production hampered by the bacterium. From the analysis,
increasing levels of olive production are significantly associated with positive evaluation of uprooting
infected trees. Straightforward explanation for this association was identified, suggesting this might
require further investigation.
The application of the theory of planned behaviour was useful as it allowed highlighting
several factors associated with farm-level management of OQDS and Xylella fastidiosa. The
methodology that was followed is new and a first in the field of plant pathology. Some limitations
and improvements arose throughout the development of the study, especially when confronted with
the data analysis. One way to improve the explorative ability of this study is to increase the sample
size, which was limited for this very occasion because of time constraint, but targeted a
representative sample of population of the Lecce province. Possibly, hiring surveyors and extending
the time availability would allow for replicability of the surveying, checking time stability, and a more
consistent sample size. In addition to this, data separation identified during the analysis could be
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avoided with a larger pool of questionnaires, therefore circumvent the complex character of the
penalized logistic regression analysis. The novelty of the approach made it also complex to set up as a
study, producing a questionnaire and testing its consistency because of the lack of possible
comparison with other literature. Moreover, reproducibility is questionable as the epiphytotic is
occurring and the system is highly dynamic, both because of legislative changes and disease
spreading. Nevertheless, this study provides decision-makers with useful information on the
applicability and management of OQDS by highlighting findings that might hold true in other cases,
as well. For instance, identifying education level as a significant influencing factor for the uptake of a
certain control measure.
Additional improvements for the questionnaire with the respect to questions formulation
are: including a question that inquiry about the specific university degree, if obtained (i.e.
differentiating when the respondent is a graduate with an agricultural sciences degree or not);
implement a question that asks directly the respondent whether the intercrop, if any, is susceptible
to Xylella fastidiosa. By asking for the field the degree was obtained in, it would be possible to
investigate more in depth the association between an agriculture-related degree and farm level
management of epiphytotics. For instance, whether advanced agriculture university education
improves the uptake of control measure because of increased knowledgeability of the growers.
Some variables, that were expected to be significant, turned to be not associated with any
variable in the study. For instance, the variable cultivar was expected to be significantly associated
with the psychological and intention variables. Employ a resistant olive cultivar, like Leccino, was
expected to influence farmers’ attitude or intention to comply with the control measure. Further
investigation might reveal unexplored association between the variable cultivar and farmers’
psychological variable. The lack of significance might be due to the fact that the resistant cultivar is
still poorly diffused, as it was only recently introduced (Frisullo et al. 2014) in the regional olive
growing activity. The effect is that still most of the olive orchards are predominately Ogliarola, or a
mix with a limited presence of the resistant Leccino cultivar.
Although qualitative data was collected through surveying, analysing that information was
not possible because of time constraints. Further investigation of the collected data could prove to
be useful when interpreting the results of the regression analysis, especially if the study is in the
perspective of more robust analysis for peer-reviewing or publication. Moreover, this could clarify
some points because of knowledge assessment that was contained in the open question section of
the questionnaire. For instance, creating a knowledge index to assess farmers’ knowledge of OQDS
and associated vectors, together with available strategies and control measures to contain the
spread, would have been possible.
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5. CONCLUSION
The theory of planned behaviour is a useful model to guide agricultural safety strategies
(Breukers et al. 2012) and did provide insights for understanding olive growers’ intention to
participate in the epiphytotic control measures. While traditional approaches are based on the
knowledge of the disease and are designed to identify risks and find solution to the reduce their
impact, little emphasis is place on the actors of control measures and their evaluation of the
practices of disease management (Wera, Mourits, and Hogeveen 2016). The TPB allows to design
targeted intervention based on the population attitude, subjective norm, perceived behavioural
control and intention to carry out those behaviours. Thus decision-makers have more useful
information on the applicability of the suitable strategies (Petrea 2001).
From this study I can conclude that in the Lecce province, Italy, olive growers’ intention to
participate in OQDS control measures is influenced mainly by farmers’ attitude and perceived
behavioural control in regards to the application of the measure. Given the significant association of
education with several psychological variables, which in turn were influencing intention to behave, it
can be said that targeted intervention could focus on knowledge development in the local population
of olive growers. Specific campaigning should pay attention to the application of the knowledge
farmers possess and how to supply additional useful information through the most effective
channels, for example the local plant pathologists. This could foster uptake of relevant control
measures. Moreover, income appeared to be often significantly associated with psychological
variable. To develop specifically addressed planning and programming, the perception of hindrances
such as lack of money availability should be taken into account. Subsidizing low income growers via
incentives or other financial instruments could foster the rate of application of control measure.
This study is likely to be useful in helping decision-makers with control plans, because of
tailored actions towards the farmers’ population of the province. The novelty of this approach might
provide new insights to understand the success or failure of crop protection and disease
management strategies.
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ANNEX
1. Orchards’ Municipalities
Municipality
Acquarica
Alessano
Alessano – Ugento
Alezio
Alliste – Ugento
Andrano
Calimera
Casarano
Castrignano del Capo
Castro
Cocumula
Collepasso – Matina
Copertino
Corsano
Cutrofiano
Depressa
Gagliano del Capo
Galatina
Gallipoli
Gemini
Lecce
Maglie
Maglie – Cutrofiano
Manfio
Matino
Melendugno

N
2
4
1
1
1
2
1
2
3
1
1
1
2
3
1
2
2
1
3
1
3
2
1
1
1
1

Melissano
Melpignano
Miggiano
Morciano
Nardo
Nociglia
Nociglia – Supersano
Otranto
Patu
Presicce
Racale
Ruffano
Salve
San Gregorio
Scorrano
Specchia
Supersano
Surbo
Taurisano
Taviano
Tiggiano
Tricase
Ugento
Veglie
Vernole

1
1
1
3
2
1
1
1
5
3
1
2
2
1
1
4
2
1
3
4
1
4
5
1
1

I

2. Survey (Italian version)

II

III

IV

V

3. Survey (English version)

VI

VII

VIII

4. Variables list
Q1

Sex

Q2

Age

Q3

Role in the olive orchard

Q4

Family size

Q5

Education

Q6

Sources of income connected with the orchard

Q7

Additional workers in the orchard

Q8

Average yearly gross income from the orchard

Q9

Surface of the orchard

Q10

Number of trees

Q11

Type of agriculture

Q12

Years of operation of the orchard

Q13

Years of respondent operation in the orchard

Q14

Average olive production (in Ton)

Q15

Intercropping

Q16

Cultivar

Q17

Distance from closest infected tree

Q18

Origin of olive/products buyers

I1

Should I suspect an olive tree to be infected, I would report immediately to competent authorities

I2

This year as a preventive measure against OQDS, I will prune my olive trees

I3

This year to reduce the population of vectors, I will employ phytosanitary treatments

I4

This year I will carry out superficial tillage and weeds control throughout the year in the olive orchard
to control vector’s population

I5

I will carry our extraordinary pruning if a tree in my orchard is infected or shows the symptoms of
OQDS

I6

I will uproot infected trees even if there is no compensation

I7

I will uproot infected trees if there is compensation as envisioned by the Silletti plan

I8

I will uproot infected trees if there is enough compensation for the market price of the olive tree

A1

Reporting cases of infection or suspected infections is useful to control the disease

A2

Extraordinary pruning of infected olive trees reduces chances of the disease to spread

A3

Ordinary pruning of olive trees helps control the disease

IX

A4

Employing phytosanitary treatments is helpful in reducing vector’s population in the orchard

A5

Superficial tillage and weeds control is beneficial for reducing vector’s population

A6

Uprooting of infected trees is important to help slowing down and containing the spread of the
disease

A7

Xylella fastidiosa is a serious threat for olive trees health, thus it must controlled

A8

Xylella fastidiosa is transmitted by the meadow spittlebug, therefore the vectors should be controlled

A9

Xylella fastidiosa is a threat for the provincial olive growers, therefore it should be controlled

SN1

Most people that are important to me want me to employ the control measures for Xylella fastidiosa

SN2

The government expects that I apply the control measures for Xylella fastidiosa

SN3

In case of EU-defined control measures, I would apply them

SN4

I feel under social pressure to apply the control measures for Xylella fastidiosa

SN5

My decision to participate in the control measures is influenced by:

SN5.1

My family

SN5.2

Neighbours

SN5.3

Neighbouring farmers

SN5.4

Regional government

SN5.5

Plant pathologists

SN5.6

Farmers associations

SN5.7

The mayor of my village

SN5.8

The European decisions

PBC1

I have money to buy the phytosanitary treatments

PBC2

I know how to use phytosanitary treatments to control vector’s population

PBC3

I know which authority I should report a suspected case of infected olive tree

PBC4

Contacting the authority to report is relatively easy and can be done quickly

PBC5

I know how to manage the soil and control weeds

PBC6

I have money to carry out superficial soil tillage and weeds control

PBC7

I know how to execute extraordinary pruning for an infected olive tree

PBC8

I have money to execute extraordinary pruning on infected olive trees

PBC9

I am able to carry out ordinary pruning for healthy olive trees

PBC10

I would know how to or who to contact in case uprooting is required

X

