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Olive cultivation is of great economic, ecological, and cultural interest in Italy, as well as in the rest of
the Mediterranean basin. Among the pests of olive trees, several groups of insects, mites, and nematodes have been
reported. Phytoparasitic nematodes especially of the genera Meloidogyne, Pratylenchus, Helicotylenchus,
Xiphinema, Tylenchulus, Rotylenchulus, and Heterodera have usually been extracted from roots and soil around
trees. On the other hand, no information is available concerning nematodes directly associated with the wood.

At the end of September 2018, in a high-density cultivated olive grove in Tuscany (central Italy), several
olive trees with decline symptoms were observed. Three Bursaphelenchus species, B. fungivorus, B. minutus, and
B. sexdentati were extracted from the wood of one dead tree. Even though these species had already been reported
in Italy, these findings were the first ones recorded in olive wood. Moreover, another undescribed Bursaphelenchus
species was found associated with the bark beetle Hylesinus fraxini collected from olive trunks and branches.
Further research is needed to investigate the role of insects and Bursaphelenchus spp. in the decline processes of
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olive trees.
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INTRODUCTION

Olive trees (Olea europaea L.) represent a typical
cultivation of the Mediterranean basin with a great im-
portance on economics, ecology, culture, and landscape.
In the Mediterranean regions, over 9.8 million hectares
(93.7% of the worldwide cultivation) of land are used
for olive groves. After Spain and Tunisia, Italy with al-
most 1.1 million ha in terms of cultivated land is the
third country, and the second one for olive production
(more than 1.8 million tons) (FAOSTAT, 2018).

In recent decades, olive production techniques have
gradually changed and traditional cultivations have been
often replaced by more modern olive groves (FERNAN-
DEZ-ESCOBAR et al., 2013; MAIRECH et al., 2020). To
increase the olive oil production, traditional, extensive,
and widely spaced olive orchards have been substituted
with high density and irrigated olive groves, which al-
low a rise in yield per unit growing area (ZIPORI ef al.,
2020). In Italy, the National Plan for olive tree cultiva-
tion includes among its main objectives the increase of
the national production of olives and extra virgin olive
oil. To this end, the rationalization of the traditional ol-
ive groves, the renewal of trees, and the introduction of
new cultivation systems have been implemented to min-
imize the environmental impact, improve economic sus-
tainability and limit the growing demand for natural re-
sources, especially water (MIPAAF, 2016).

Olive trees are not only exposed to various diseases,
mainly of fungal etiology, but are also highly attractive
to several insects, mites, and nematodes. Modern olive
production processes based on new high-density crop-
ping systems may increase water retention in host tis-
sues leading to conditions more conducive to the devel-
opment of diseases (MORAL et al., 2012; PALOMARES-
RIUS et al., 2015).

According to literature, up to 250 phytoparasitic
nematode species, mainly extracted from the rhizo-
sphere, have been reported worldwide as associated with
O. europaea (NICO et al., 2002; ALI et al., 2014; ARCHI-
DONA-YUSTE et al, 2019). Root-knot nematodes
(Meloidogyne spp.), root-lesion nematodes (Pratylen-
chus spp.), spiral nematodes (Helicotylenchus spp. and
Rotylenchus spp.), cyst nematodes (Heterodera spp.)
and dagger nematodes (Xiphinema spp.) are the most
prevalent genera on olive crops around the Mediterra-
nean basin (CASTILLO et al., 2010; ALI et al., 2014).
Nevertheless, as previously reported, they are usually
extracted from the roots and soil around them. On the
other hand, no data are available concerning nematodes
directly extracted from wood, such as Bursaphelenchus
sp.

During the surveys of the Project DI.OL. “Defense
from harmful organisms in conventional and high-den-
sity olive crops”, in a high-density olive grove in the
Tuscany region (central Italy), some olive trees have
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been identified with decline symptoms. This work re-
ports the results of accurate entomological and nemato-
logical surveys carried out to investigate this peculiar
phenomenon.

MATERIALS AND METHODS

CHARACTERISTICS OF THE OLIVE GROVE

The monitoring area is located in the municipality of
Pontassieve (Florence Province) and it is characterized
by clay soil with no irrigation system. The olive grove
covers a surface of approximately two hectares with
five-year-old trees planted at high density (planting dis-
tance of 4x2 meters). The olive grove consists of two
portions, the first planted with olive trees belonging to
the “Diana” cultivar while the second one planted with
the cv. “Tosca”.

SAMPLING

From October 2018 until May 2019, trees whose
branches showed symptoms of decline were monitored,
focusing on the symptoms of the infestation, such as
holes caused by bark beetles, color alterations of leaves
and bark, and/or complete dieback of the entire tree.
Samples of damaged branches were cut and analyzed at
the CREA laboratory in Florence.

INSECT AND NEMATODE EXTRACTION

Adult insects were extracted from the gallery systems
located on the inner side of the bark using robust blades,
chisels, and fine brushes. They were then identified to
species level and placed individually into a Petri dish
with a small amount of water. Insect elytrae as well as
wings were opened and screened using the stereomicro-
scope LEICA S9i, for the presence of nematodes. There-
after, specimens were completely dissected and left in
water. Dauer juveniles emerged after 24 hours at room
temperature, were then isolated, counted and three of
them were processed for the molecular identification.
The remaining individuals were inoculated on a strain of
a non-sporulated culture of the fungus Botrytis cinerea
Pers. ex Fr., grown on glycerol supplemented malt ex-
tract agar and incubated at 26°C.

Parts of the sampled wood (i.e. branches and trunk)
were cut in discs of approximately 5-6 cm height, sealed
in a plastic bag, and stored in a climatic chamber at 20
°C for 1-2 weeks. All the wood samples were processed
using the cotton-wood filter method at room temperature
(approximately 20°C) and after 48 h, nematodes were
collected and identified using a Leica DM2000 light mi-
croscope. Part of the specimens with typical characteris-
tics of the Bursaphelenchus genus were isolated for mo-
lecular analysis and the remaining ones were multiplied
on B. cinerea, as described above.

MORPHOLOGICAL IDENTIFICATION
Adult nematodes obtained from agar extraction were
fixed in TAF, processed with a glycerin-ethanol series
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using Seinhorst’s methods, and then mounted on perma-
nent slides for the morphological identification. Photo-
graphs were taken of live specimens mounted on tempo-
rary slides using a Leica MC170 HD digital camera
(Leica, Heerbrugg, Switzerland).

Bark beetles were observed using the stereomicro-
scope Nikon SMZ 25 and identified using the taxonomic
keys for the European fauna of BALACHOWSKY (1949)
and PFEFFER (1995).

MOLECULAR IDENTIFICATION

Total genomic DNA was isolated from three hand-
picked dauer juveniles extracted from the insect and
from four adult nematodes isolated from wood samples.
Nematodes were transferred individually into 0.2 ml
tube and lysed in a solution containing 50.0 ul InstaGene
Matrix (BioRad), 1.5% SDS and 2.5 pl Proteinase K
20.0 pg/u, incubated at 55.0°C for 3 hours and the DNA
was recovered with alcoholic precipitation adding 150.0
ul of cold absolute ethanol. Pellets were air-dried and
resuspended in 20.0 pl of double-distilled water.

Identifications of species were obtained through a
homology search in GenBank database of the ITS locus.
Specimens for which species-level identification was
not possible, were further characterized by SSU, and
D2-D3 region of the LSU gene. Amplification and se-
quencing of all previously cited loci were performed us-
ing the protocol described in TORRINI et al. (2019).

Molecular characterization of specimens was ob-
tained through two different phylogenetic reconstruc-
tions computed with maximum likelihood (ML) and
neighbor joining (NJ) algorithms. Nucleotide alignment
used for both trees was obtained concatenating only
SSU and LSU gene sequences from different Bursaphe-
lenchus species deposited in GeneBank (Table 1) and
Bursaphelenchus abruptus was considered the basal
clade. Phylogenetic trees were computed using MEGA
7 software, choosing GTR +G +I as nucleotide substitu-
tion matrix and 1000 bootstrap replicates.

RESULTS

During the surveys, the tree-decline symptoms, and
the presence of bark beetles were recorded only on the
part of the olive grove planted with the cv. “Diana”.
Conversely, neither tree dieback nor entrance and/or
emergence holes due to the bark beetles were observed
on the cv. “Tosca”.

INSECT DETECTION

Two species of bark beetles were recorded during the
field surveys: Hylesinus fraxini Panzer and Phloeotribus
scarabaeoides (Bernard). Since October 2018, many
penetration holes associated with feeding and overwin-
tering galleries (15-20 per tree) produced by H. fraxini
have been observed on olive wood (e.g. trunks or
branches) with a diameter greater than 3 cm (Fig. I).
Moreover, since the end of April 2019, active and sex-
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Table 1 - Accession numbers of SSU and LSU gene sequences from different Bursaphelenchus species used in this work.

Species SSU  D2-D3 LSU BIEEES SR DALY LED

B. abietinus AY508011 AYS508074  B. niphades AB849466 AB849476
B. abruptus AY508010 AYS508073 B. okinawaensis AB358983  AB358982
B. africanus rossicus JF317266 HMG623784  B. paraburgeri HQ727727 HQ727726
B. anatolius AY508025 AYS508093 B. paracorneolus AY508027 AYS508095
B. andrassyi KF164829 KF164833 B. paraluxuriosae JF966206  JF966204

B. antoniae AM279709 AM279710  B. parantoniae KT223041 KT223042
B. arthuroides HQ599188 HQ599190 B. paraparvispicularis GQ421483  GQ429010
B. borealis AY508012 AYS508075  B. parapinasteri KT878515 KT878516
B. braaschae GQ845409 GQB845408 B. parathailandae JN377724  IN377722

B. burgermeisteri JF317267 JF317269 B. parvispicularis AB218829  AB368537
B. chengi KT599480 EU107359  B. penai AB901293  AB901292
B. clavicauda AB299221 AB299222  B. pinasteri AM397016 AM396574
B. cocophilus AY509153 AYS508076  B. platzeri AY508026 AYS508094
B. conicaudatus ABO067757 AB299227  B. poligraphi poligraphi AY508028 AYS508096
B. corneolus taiwanensis HQ407406 HQ407405 B. populi HQ699855 HQ699856
B. crenati KU683736 KU683737 B. posterovulvus KF314804 KF314807
B. doui AB299223  AB299225  B. rainulfi AM397017 AM396575
B. eggersi AY508013  AYS508078  B. ratzeburgii MG264564 MG264569
B. firmae AB650015 AB650014  B. rufipennis AB368529  AB368530
B. fraudulentus AYS508014 AYS508080  B. sakishimanus LC027461 LC027462
B. fungivorus AY508016 AY508082  B. saudi KT806480 KT806482
B. gerberae AY508024 AYS508092  B. seani AY508029 AYS508098
B. gillanii KJ653442  KJ653443 B. sexdentati AY508032 AYS508103
B. hellenicus AY508017 AY508083  B. sinensis AB232162  AB368538
B. hildegardae AM397013  AM396569  B. tadamiensis AB635399  AB635398
B. hofmanni AY508018 AYS508084  B. thailandae AM397019 AM396577
B. hylobianum AYS508019 AYS508085  B. tokyoensis AB430445  AB430446
B. irokophilus MKS544843 MK544842  B. tusciae AY508033  AY508104
B. kesiyae LC087116  LC087117 B. vallesianus AM397020 AM396578
B. kevini AY753531 AY753532  B. willibaldi AM397021 AM396579
B. kiyoharai AB597253  AB597254  B. wuae AB918706 AB918707
B. koreanus JX154585  JX154584 B. xylophilus AY508034 AY508106
B. luxuriosae ABO097864 AB299228 B. yongensis AM397023 AM396581
B. mucronatus kolymensis AB932856 AB932857  Bursaphelenchus sp. Z17 MG865787 MG865788
B. mucronatus mucronatus ~ AY508020 AY508086  Bursaphelenchus sp. Hyl5 MT556023 MT556020

ually mature specimens of P. scarabaeoides, have also oides (17 analyzed beetles), while the percentage of H.
been sporadically observed on thin wood material with
a diameter inferior to 3 cm. Logs and branches inspected
in the laboratory showed feeding and reproductive gal-
leries colonized by live H. fraxini. For each declining
olive tree, an average of fifteen active gallery systems
produced by H. fraxini was observed. Conversely, on the
same trees, only an average of three systems excavated
by P. scarabaeoides was detected. In total, approxi-
mately 100 live specimens of H. fraxini and 50 live spec-
imens of P. scarabaeoides were recorded from the col-
lected wood material.

NEMATODE MORPHOLOGICAL CHARACTERIZATION

Regarding nematodes extracted from the insects, no Fig. I - Maternal and larval galleries produced by Hylesi-
specimen has been found associated with P. scarabaei- nus fraxini in olive wood (Scale bar = 1 ¢cm).
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fraxini carrying Bursaphelenchus dauer juveniles
reached 48% (12 positive beetles out of 25 analyzed bee-
tles). Unfortunately, no Bursaphelenchus adults were
obtained in the B. cinerea culture and thus excluded the
morphological identification.

Conversely, nematodes extracted from one olive tree
were morphologically identified as Bursaphelenchus
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fungivorus Franklin & Hooper, B. minutus Walia, Negi,
Bajaja & Kalia and B. sexdentati Rithm (Table 2 and Fig.
II), in agreement with their respective original taxo-
nomic description and/or relevant literature (FRANKLIN
and HOOPER, 1962; BRAASCH, 2001; WALIA et al., 2003;
RYSS et al., 2005).

Table 2 - Morphological characteristics of Bursaphelenchus fungivorus, Bursaphelenchus minutus, and Bursaphelenchus

sexdentati isolated from a dead olive tree.

B. fungivorus

B. minutus

B. sexdentati

Lateral field

4 incisures

4 incisures

4 incisures

Stylet with weakly devel-

Adult anterior oped basal knobs Thin stylet - Stylet with moderately de-
. Oval median bulb veloped basal knobs
end Median bulb well devel- .
- Oval median bulb
oped
. Elongate conical tail with Elongated conoid with a - Gradually tapering, coni-
Tail . . . I
a rounded tip pointed terminus cal conoid in shape
Q No flap
. . No flap
Vulva Vulyal lips slightly pro- Vulval lips slightly protruding - Small vulval flap
truding
Small and slender, with a de- = S;z?tgl&igeﬁztlzelyggﬁa
Spicules Compact, without cucullus pression in the middle of the pact, PYPp
3 . rostrum, and distinct small
capitulum
cucullus
Bursa Oval to rounded Very small - Oval

Fig. I - Light micrographs lateral view of male tail. 1: Bursaphelenchus fungivorus; 2: Bursaphelenchus minutus;

3: Bursaphelenchus sexdentati (Scale bar = 20 um).

MOLECULAR IDENTIFICATION

Nematodes isolated from olive wood were identified
to species-level using only the ITS sequence because a
homology search in GenBank led to a univocal species
attribution, particularly for B. fungivorus (Accession
numbers: MT533452, MT533453, MT533454) and B.
sexdentati (Accession numbers: MT533455).

The ITS sequences belonging to the three dauer juve-

niles collected from H. fraxini did not allow a clear spe-
cies-level  identification = (Accession  numbers:
MT533456, MT533457, MT533458). For this reason,
SSU and LSU loci were sequenced (SSU Accessions:
MT556021, MT556022, MT556023; LSU Accessions:
MT556018, MT556019, MT556020) and used to further
characterize these specimens. Identical sequences were
found for the SSU and LSU loci in the three analyzed
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nematodes, thus only the specimen Hyl5 was included
in the subsequent analysis.

Phylogenetic reconstructions based on SSU and LSU
loci using ML and NJ algorithms were congruent, and
no topological conflict was reported between the two
trees (Fig. III). Clades are generally well supported by
high bootstrap values in terminal nodes and both trees
respect the currently accepted subdivisions of Bursaphe-
lenchus species. The only group, which was not well re-
solved, was the hofmanni one, because of a lack of se-
quences of species belonging to this group. The ana-
lyzed specimens belonging to the sexdentati-group are
close to an undescribed nematode named as Bursaphe-
lenchus sp. isolate Z17, sister taxa of B. crenati and pa-
raphyletic to B. sexdentati, and B. borealis. The similar-
ities with Bursaphelenchus sp. isolate Z17 were not lim-
ited to the SSU and LSU genes, but also to the ITS locus,
and the analyzed samples differ from the isolate Z17
only for one deletion of two consecutive nucleotides in
the ITS2 region.

DISCUSSION

In this work, three Bursaphelenchus species, B. fun-
givorus, B. minutus, and B. sexdentati were extracted
from the wood of one dead olive tree. Moreover, another
undescribed Bursaphelenchus species was found asso-
ciated with the bark beetles Hylesinus fraxini collected
from olive trunks and branches.

Although these three nematode species have already
been reported in Italy (TORRINI et al, 2020a), this is
their first recording on olive trees. Bursaphelenchus fun-
givorus had been previously found associated with a
wide range of hosts, such as coniferous trees or insect
vectors (BRAASCH et al., 2002; ARIAS et al., 2004, 2005;
FONSECA et al., 2014), a growing medium containing
bark for Pelargonium plants (BRAASCH et al., 1999), and
some herbaceous plants (FRANKLIN AND HOOPER, 1962;
TORRINI et al., 2020b). Moreover, Bursaphelenchus
minutus had been found associated with various Pinus
species, Picea abies (L.), and Pseudotsuga menziesii
(Mirbel) in India, Italy, Croatia, and Portugal (WALIA et
al., 2003; CARLETTI, 2008; FONSECA et al., 2012; TOR-
RINI et al., 2017). On the contrary, Bursaphelenchus
sexdentati is a more cosmopolitan species with a wide
geographical distribution in European pine forests.

Regarding Bursaphelenchus nematodes collected un-
der the elytrae of H. fraxini, molecular characterization
did not allow an exact identification of the species. Data
suggested that samples could belong to a new species of
the genus Bursaphelenchus previously reported in Israel
(XUE et al., 2019), and temporarily named as Bursaphe-
lenchus sp. isolate Z17. Similarities between the two
isolates are not limited to molecular data: both species
were found under the elytrae of bark beetles (i.e. H. frax-
ini in Italy and Phloeotribus scarabaeoides in Israel)
isolated from bark pieces of Olea europaea, and in both
cases, only juvenile forms were collected.

So far, the interactions involving nematodes, bark
beetles, and O. europaea decline have not been fully in-
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vestigated. We hypothesize that Bursaphelenchus spe-
cies could play a role in the observed decline processes
of the trees, concurrently with other biotic and abiotic
factors such as intense bark beetle activity and adverse
environmental conditions (e.g. severe drought during
the summer of 2018).

In 2019, we observed a rapid increase in the number
of “Diana” olive trees dying soon after the first symp-
toms of desiccation. Therefore, timely additional re-
search is needed to solve this issue.
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