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Abstract
Morocco is basically an agricultural country; almost 40% of the workforce is employed in 
this sector. Xylella fastidiosa is a xylem-inhabiting pathogen which can infect more than 
300 plant species, although most host species are symptomless. Until relatively recently, 
X. fastidiosa was primarily limited to North and South America, but in 2013 a widespread 
epidemic of olive quick decline syndrome caused by this fastidious pathogen appeared in 
southeastern Italy, and later several cases of X. fastidiosa outbreaks have been reported 
in other European countries (France, Germany and Spain). Following these recently con-
firmed findings of X. fastidiosa in the European Union, this bacterium has become a serious 
threat to the Moroccan flora. The national phytosanitary authorities have adopted several 
measures to prevent the introduction of X. fastidiosa into the national territory by decid-
ing, inter alia, to suspend importation of host plant species to the bacterium from infected 
areas. This paper presents the phytosanitary risk of this bacterium in Morocco.
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Pest risk analysis

Historically Morocco’s economy has been based on ag-
riculture and it still accounts for 40% employment and 
14% of the gross domestic product. Morocco has semi-
arid Mediterranean climates and a wide topographical 
variation, which permit a high biodiversity and abun-
dant natural resources. The country’s agricultural pro-
ductivity is often affected by droughts which regularly 
hit the country. Agriculturally usable land represents 
up to 13% of the total land area of the country; pas-
tures and forests cover 30 and 8%, respectively. Some 
8.7 million ha are arable of which 63% is devoted to 
cereals, 10% to tree crops (olives, almonds, citrus, and 
fruit trees) and 4% to vegetables. About 85% of the ag-
ricultural area is rain-fed, while the other 15% is irri-
gated (MAPM 2016).

Xylella fastidiosa, a gram negative, devastating plant 
pathogenic bacterium and the causal agent of a number 
of severe diseases, including olive quick decline syn-
drome, Pierce’s disease of grapevine, leaf scorch of al-
mond, oleander and coffee, citrus variegated chlorosis, 
and other disorders of perennial crops and landscape 
plants (Hopkins and Purcell 2002; Janse and Obra-
dovic 2010; Purcell 2013; Saponari et al. 2013). Many 
native plants (grasses, sedges and trees) in North and 
South America may carry the pathogen, often with-
out showing visible symptoms (Hopkins and Purcell 
2002; Janse and Obradovic 2010; Purcell 2013). Xylella 
fastidiosa is a genetically diverse species subdivided 
into six subspecies, and numerous sequence types, 
each one being more or less specific to a particular 
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host range and a native zone in the American conti-
nents. The four most frequently reported subspecies 
are: ssp. fastidiosa, ssp. pauca, ssp. multiplex and ssp. 
sandyi (Schaad et al. 2004; Schuenzel et al. 2005). Ran-
dal et al. (2009) proposed a fifth one, ssp. tashke, that 
can be differentiated by DNA : DNA hybridization 
(Schaad et al. 2004) and multi-locus sequence typing 
(Scally et al. 2005). More recently, a sixth subspecies, 
ssp. morus, has been proposed (Nunney et al. 2014). 
Xylella fastidiosa causes various diseases on more than 
350 plant hosts, inducing various symptoms: mar-
ginal leaf scorching, wilting of foliage and withering 
of branches, dieback and stunting with eventual plant 
death in susceptible hosts (Janse and Obradovic 2010). 
Xylella fastidiosa is transmitted by several species of 
sharpshooter leafhoppers (Hemiptera: Cicadellidae: 
Cicadellinae) and spittle bugs or froghoppers (Hemi-
ptera: Cercopoidea), which are xylem-fluid feeders 
(Redak et al. 2004). There is also evidence that cica-
das (Hemiptera: Cicadoidea), another group of xylem-
fluid feeders, transmit X. fastidiosa in grape (Krell 
et al. 2007). A search for vectors in the recent out-
break of X. fastidiosa in Apulia, Italy, detected the 
pathogen at high frequency in the spittle bugs Phi-
laneus spumarius and Neophilaneus campestris as 
well as the leaf hopper Euscelis lineolatus (Elbeaino 
et al. 2014). Adults of N. campestris and P. italosignus 
have been used in experimental transmission tests to 
assess their ability to acquire and transmit the bac-
terium, with consistent successful transmissions for 
N. campestris and P. italosignus, confirming that they 
are competent vectors of the strain associated with 
the epidemic in southern Italy (F. Valentini from 
CIHEAM/IAM-Bari, personal communication).

In October 2013, an outbreak of X. fastidiosa was 
found in Apulia (southeastern Italy) in olive trees af-
fected by olive quick decline syndrome (Saponari 
et al. 2013). In July 2015, the bacterium X. fastidiosa 
was detected on the island of Corsica (France) affect-
ing ornamental plants of Polygala myrtifolia (EPPO 
2015a). Later, in October 2015, it was detected for the 
first time in Alpes-Maritimes department (southern 
France) (EPPO 2015b). In July 2016, the bacterium was 
reported for the first time in Germany on a single pot-
ted oleander plant (Nerium oleander) in a small nurs-
ery producing young vegetable and ornamental plants 
in Saxony (EPPO 2016a). In November 2016, the pres-
ence of X. fastidiosa was confirmed in Islas Baleares, 
Spain. The bacterium was detected in sweet cherry 
(Prunus avium) in a garden center in Porto Cristo, mu-
nicipality of Manacor, on the island of Mallorca (EPPO 
2016b). In May 2017, X. fastidiosa was detected in Mal-
lorca, Ibiza and Menorca on 12 plant species including 
grapevine (EPPO 2017a). More recently, in June 2017, 
X. fastidiosa was detected for the first time in mainland 

Spain (Alicante), affecting almonds (P. dulcis) (EPPO 
2017b).

The world map of the Köppen-Geiger climate clas-
sification (Peel et al. 2007) shows a similarity between 
the climates of the affected areas in the European Union 
(EU) (Puglia, Corsica, Alpes-Maritimes, Islas Baleares 
and Alicante) and those of Morocco. Consequently, 
the Moroccan climate might not be a limiting factor 
for the establishment of X. fastidiosa and its vectors, 
especially in the coastal areas of northern Morocco 
(Mediterranean and Atlantic seas), thus representing 
a potential risk for the national plant heritage (culti-
vated, ornamental and forest plants). The geographical 
position of Morocco, at just 13 km away from Spain, 
makes this risk even bigger especially with the high 
flow of tourists and Moroccans traveling abroad. In-
deed, Morocco has an important commercial exchange 
with several European countries, in particular France, 
Spain and Italy, which may contribute to the introduc-
tion of X. fastidiosa directly in infected plant material 
or indirectly via insect vectors.

Across the country a preliminary survey of olive, 
citrus and grapevine growing areas (Azilal, Gharb, 
Haouz, Loukkos, Meknès and Souss) for the presence 
of X. fastidiosa was undertaken by the Laboratory of 
Virology of the Regional Center of Agricultural Re-
search at Kénitra (INRA). A total of 900 samples were 
collected: 220 olive trees (cv. Picholine Marocaine), 
410 citrus trees belonging to seven different cultivars 
and 270 grapevine plants belonging to six different cul-
tivars. All these samples were tested for the presence 
of X. fastidiosa by using an enzyme-linked immuno-
sorbent assay (ELISA) commercial kit and polymerase 
chain reaction (PCR). Fortunately, no positive sam-
ples have been detected so far. These preliminary re-
sults are taken as a good indication, considering that 
X. fastidiosa was not found in Morocco (Afechtal et al. 
2018). However, more extensive surveys on different 
plant hosts in different regions are needed in order to 
prevent its entrance into the country. Research and in-
vestigations on the Auchenorrhyncha species, potential 
vectors of X. fastidiosa, need to be conducted to deter-
mine their distribution and population density in the 
country.

Pest risk assessment

Probability of entry

Considering the factors cited below, the probability of 
entry of X. fastidiosa into Morocco is very likely be-
cause: 
– X. fastidiosa was primarily limited to North and 

South America, but in 2013 a widespread epidemic 
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of olive quick decline syndrome caused by this fas-
tidious pathogen appeared in southeastern Italy, 
and several cases of X. fastidiosa infections have 
been reported in other European countries (France, 
Germany and Spain). It is possible that the patho-
gen has spread to a greater extent than is currently 
known;

– Between 2013 and 2015 Morocco imported almost 
8.5 million host plants susceptible to X. fastidiosa, 
especially grapevines, stone fruits, olives and blue-
berries. Imports of Italian, French and Spanish ori-
gin, countries infested by the bacterium, amounted 
to approximately 8 million plants, which represents 
about 94% of the total imported plants during this 
period, while ornamental host plants represented 
0.5%;

– The difficulty of post-planting phytosanitary con-
trols, on planting sites, of host plants that were im-
ported in recent years;

– The movement of people and vehicles is very in-
tense between Morocco and the EU countries 
where the disease has been reported. Most people 
are not aware that the introduction of this bacteri-
um represents a serious threat to the national plant 
heritage;

– Infected vectors can be introduced by various means 
(in plant material, agricultural equipment, vehicles, 
etc.);

– Illegal introduction of plant material may be a source 
of entry of the bacterium and/or its insect vectors.

Probability of establishment

Xylella fastidiosa has never been recorded or intercept-
ed from Morocco. However, under the current situa-
tion, the probability of X. fastidiosa to be established 
in Morocco is considered very likely with a low uncer-
tainty for the following reasons:
– Susceptibility of potential Moroccan host plant 

species, especially cultivated crops (olive, citrus, 
grapevine, almond, alfalfa, etc.), forest and spon-
taneous plants (oak, oleander, etc.), ornamental 
plants (rosemary, polygala, etc.) and weeds (quack- 
-grass, yellow-fruit nightshade, etc.);

– Due to the non-specific nature of the disease symp-
toms, outbreaks may remain undetected until the dis-
ease becomes established which increases establish-
ment risks;

– Xylem feeding insects, especially sharp shooters/
leafhoppers (Cicadellidae, subfamily Cicadelli-
nae) and spittle bugs (family Cercopidae) are the 
most important known vectors of X. fastidiosa and 
these potential insect vectors are present in Mo-
rocco (McKamey 2001). In the USA the spittle bug 
P. spumarius, which is common in Europe, has been 

shown to efficiently vector X. fastidiosa in almond 
in experimental transmission studies (Purcell 
1980). There is also the possibility that the patho-
gen could be introduced into Morocco with a new 
vector. The current X. fastidiosa outbreak in Apulia 
detected the pathogen at high frequency in the spit-
tle bugs P. spumarius and N. campestris as well as 
the leaf hopper E. lineolatus (Elbeaino et al. 2014);

– The Moroccan climatic conditions are favorable 
for the multiplication of the bacterium, for the 
development of the disease, and for the intense 
activity of the insect vectors. Climatic suitability 
will most likely favor the impact of X. fastidiosa 
infections in Morocco. Bosso et al. (2016) de-
veloped a ‘Maxent model’ to estimate the poten-
tial geographic distribution of X. fastidiosa in 
the Mediterranean basin under current climatic 
conditions and different climate change scenar-
ios. Presently, the potential geographic distribu-
tion of X. fastidiosa obtained for the current cli-
matic conditions includes Portugal, Spain, Italy, 
Corsica, Albania, Montenegro, Greece and Tur-
key as well as all countries of northern Africa and 
the Middle East. Indeed, X. fastidiosa is not predict-
ed to change its area of potential distribution very 
much in the Mediterranean basin due to climate 
change, while increasing its probability of estab-
lishment owing to higher temperatures (Bosso 
et al. 2016);

–  The absence of effective control measures for this 
disease and its insect vectors at the international 
level increases the probability of its establishment 
in Morocco.

Probability of spread

It is very likely with low uncertainty that X. fastidiosa 
will spread for the following reasons:
– the majority of susceptible host plants of the bac-

terium are found throughout the Moroccan terri-
tory;

– the potential insect vectors of X. fastidiosa are 
present in Morocco (McKamey 2001);

– climatic conditions are favorable for the disease 
and its insect vectors;

– lack of effective control methods for this disease 
and its vectors;

– human intervention (cultural practices, plant 
movements, etc.).

Assessment of potential  
economic consequences

Citrus variegated chlorosis affects approximately 40% 
of citrus plants in Brazil and losses have been estimated 
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to be approximately 120 million US dollars to the Bra-
zilian economy (Bove and Ayres 2007). Xylella fastidio-
sa was also responsible for significant economic losses 
in grape and almond production in the USA, as well 
as olive trees in Italy. It has also a strong impact on 
many ornamental plants such as oleander in the USA 
and Italy. In addition, this bacterium has a very wide 
host range.

In Morocco, many susceptible host plants and po-
tential insect vector species are present. Introduction 
(entry + spread) and spread of this bacterium can lead 
to significant economic, social and environmental 
losses.

The overall potential impact is considered of great 
importance for Morocco. For agricultural produc-
tion, the disease could lead to yield losses with addi-
tional costs for disease control. It also has a negative 
social impact through job losses. Xylella fastidiosa will 
affect susceptible ornamental and forest host plants 
with a negative impact on the country’s landscape and 
forest biodiversity. Other potential environmental ef-
fects may be due to the increased use of insecticides 
and herbicides that can cause ecological disturbances.

Pest risk management

Control of diseases caused by X. fastidiosa should be 
based on the sanitary selection of plants, the elimina-
tion of infection reservoirs and the control of insect 
vectors. 

Probability of continuing to exclude  
Xylella fastidiosa from Morocco

As far as we know, Morocco is still free from X. fastidi-
osa. The measures taken against this bacterium since 
2002 have reduced its probability of entering Morocco, 
despite its strong presence in the Americas for several 
years. However, the large number of potential hosts 
that could harbor X. fastidiosa, the common occur-
rence of potential insect vectors in Morocco, the spread 
of the disease in Italy, France and Spain, the high risk 
of its extension to other European countries, and the 
flow of trade between Morocco and European coun-
tries via the importation of host plants, all indicate that 
the exclusion of this bacterium from Morocco is very 
unlikely.

Probability of eradication of outbreaks  
if Xylella fastidiosa is introduced into Morocco

If X. fastidiosa is introduced into Morocco, it will be 
very unlikely possible to eradicate it, considering:

–  the presence of a wide range of susceptible host 
plant species at the national level;

– the presence of many potential insect vectors;
– the presence of asymptomatic host plants and la-

tent infections, difficult to detect, which may serve 
as infection reservoirs of the bacterium;

– the presence of favorable climatic conditions for  
X. fastidiosa establishment and spread;

– the lack of effective control measures against 
X. fastidiosa and its vectors.

Measures taken by Morocco to prevent 
the introduction and spread of Xylella fastidiosa

Following the first outbreak of X. fastidiosa in Italy and 
in order to face the threat posed by this bacterium, 
the national phytosanitary authority has implemented 
several measures:
– suspension of the importation of host plant species 

to X. fastidiosa (citrus, grapevine, olive tree, stone 
fruits, oleander and oak) from infected areas;

– extension activities and awareness campaigns for 
the concerned parties (regional directorates of the 
national phytosanitary authorities, plant protection 
services, the Moroccan Freight Forwarders Asso-
ciation, the inter-professional federations of citrus, 
olive and stone fruit trees, and the General Admin-
istration of Customs);

– strengthening vigilance, control and surveillance of 
the disease at the national level.

Conclusions

Xylella fastidiosa is a regulated quarantine pest whose 
introduction and spread in Morocco is banned. Given 
the recently confirmed findings of X. fastidiosa in the 
EU (Italy, France, Germany and Spain); this bacteri-
um has become a serious threat to the Moroccan plant 
heritage. In this context, the national phytosanitary 
authorities adopted measures to prevent the intro-
duction of X. fastidiosa into the national territory by 
deciding to suspend importation of host plant species 
 from infested areas. Pest risk analysis showed clear-
ly that the total probability of the introduction and 
spread of X. fastidiosa in Morocco is considered 
very likely with low uncertainty. Therefore, it is of 
utmost importance to consider appropriate and pre-
ventive phytosanitary measures to avoid its intro-
duction, especially through continuous extensive 
surveys on the pathogen and its potential insect  
vectors. 
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