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Summary. Shoot blight was observed on Erica arborea L., in a natural growing area on Caprera Island (Italy), during
2011 and 2012. Fungal isolates obtained from 324 symptomatic shoots were identified as Neofusicoccum luteum by
analysis of morphological and cultural characteristics, as well as DNA sequence data of the Internal Transcribed
Spacer (ITS) of the ribosomal DNA and part of the translation Elongation Factor 1-alpha (EF-1a) gene. Pathogenic-
ity of the fungus was verified by stem inoculation of 3-year-old seedlings of E. arborea. This is the first report of N.

luteum as a pathogen of E. arborea.
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Introduction

Tree heath (Erica arborea L.) in the family Ericaceae,
is one of the main components of the Mediterranean
“maquis” biome, and is a valuable ornamental plant
for gardening and landscaping that is increasingly cul-
tivated in commercial nurseries. In Sardinia (Italy) and
in the surrounding minor islands of the La Maddalena
Archipelago, tree heath grows preferably on siliceous
substrates and in mixed stands with cork oak, holm
oak and strawberry tree (Camarda and Valsecchi,
2008). Since 2011, an unusual disease on tree heath has
been observed in a natural area located in the centre of
Caprera Island. Given that there was no information
about this disease, a survey was carried out to estab-
lish the causal agent and characterize the disease.

Materials and methods

Field surveys were carried out in autumn 2011
and spring 2012 at the major tree heath growing ar-
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eas on Caprera Island [41°12'N, 9°28'E]. A network
of six monitoring plots (MPs, diameter 10 m) was
established inside the tree heath stands, and the
geographic coordinates recorded by a portable GPS
(eTrex, Garmin). The plots were randomly selected
throughout the centre of the island where the dis-
ease was observed for the first time. At each MP the
number of tree heath shrubs present was recorded
and incidence of the disease estimated on the basis of
number of symptomatic plants compared to the to-
tal number of plants. At each plot nine symptomatic
shoots were collected from three tree heath shrubs
chosen at random. Collected samples were processed
within 48 h. After a preliminary microscopic exami-
nation aimed at checking the presence and nature
of fungal reproductive structures, the samples were
surface disinfected with 70% ethanol for 30 s, rinsed
in sterile water and then placed to dry in aseptic con-
ditions. Fungal isolations were made from fragments
of inner bark and xylem tissues measuring approx.
3-5 mm, aseptically cut from the margin of necrotic
lesions. All samples were cultured in Petri dishes
containing potato dextrose agar (PDA, Oxoid Ltd).
After incubation at 25°C for 1 week, fungal colonies
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were sub-cultured onto PDA and kept on the labora-
tory bench in natural daylight at room temperature
(20-26°C). To induce sporulation, fungal isolates
were also sub-cultured on PDA with sterile twigs of
holm oak. Conidia oozing from pycnidia in result-
ing cultures were mounted in lactophenol for mi-
croscopic examination. Dimensions of conidia were
recorded using an Optika™ Vision Pro version 2.7
digital camera connected to a Leitz Diaplan (Leitz,
Wetzelar, Germany) microscope.

The colony appearance of cultures growing on
PDA at 25°C in the dark for 1 week was recorded.
Given that only a botryosphaeriaceous fungus was
consistently isolated, six isolates were used as rep-
resentative cultures for further molecular studies.
These isolates were also stored on PDA slants under
oil in the culture collection of the “Sez. di Patologia
Vegetale ed Entomologia, Dipartimento di Agraria”
at the University of Sassari, as catalogue numbers
BL141 to BL14e6.

Genomic DNA was extracted from cultures grown
on PDA for 5 d at 25°C following the CTAB method
(Doyle and Doyle, 1987). The Internal Transcribed
Spacer (ITS) of the ribosomal DNA was amplified and
sequenced with primers ITS1 and ITS4 (White et al.,
1990), while the primers EF446f and EF1035r (Inder-
bitzin et al., 2010) were used to amplify and sequence
part of the translation Elongation Factor 1-alpha (EF-
1a) gene. Polymerase chain reaction (PCR) mixtures
and amplification conditions were conducted as de-
scribed by Linaldeddu et al. (2013). The PCR prod-
ucts were purified using the EUROGOLD gel extrac-
tion kit (EuroClone S.p.A.) following the manufac-
turer’s instructions. Both strands were sequenced by
the BMR Genomics DNA sequencing service (www.
bmr-genomics.it). The nucleotide sequences were
read and edited with FinchTV 1.4.0 (Geospiza, Inc.;
http:/ /www.geospiza.com/finchtv) and compared
with sequences deposited in GenBank using the
BLAST software (http:/ /blast.ncbi.nlm.nih.gov).

Pathogenicity was verified by shoot and stem
inoculation on 3-year-old seedlings of tree heath.
Shoots of seven seedlings were each inoculated by
placing a mycelial plug (3-4 mm?) taken from the
margin of an actively growing colony on PDA into a
shallow wound (=3 mm) made by a sterile scalpel. A
further seven seedlings were inoculated at the base
of the stem using the technique described above.
The inoculation point was covered with cotton wool
soaked in sterile water and wrapped with Parafilm®.

Neofusicoccum luteum on Erica arborea

Fourteen control seedlings were inoculated (seven
on shoots and seven on the stems) with a sterile PDA
plug. Inoculated seedlings were kept in the labora-
tory at 18-26°C in natural daylight for 2 months.

Results and discussion
Symptomatology

Typical symptoms of this unusual disease ap-
pear in late spring with the sudden wilting of new
shoots (Figure 1a). The infection spreads within the
shoot tissues, rarely into the secondary xylem tissues
of the branches, causing the shoot tips to curl and
form crooks (Figure 1b). An abnormal mass of new
epicormic shoots grows under infected shoots, with
the resulting structures resembling witch’s brooms
(Figure 1c). Leaves on affected shoots turn yellow,
then dull red and finally brown. They often remain
attached for some time after the death of the shoots.
All diseased plants showed these symptoms.

Disease incidence

Field surveys conducted on 120 tree heath shrubs
occurring inside the six MPs showed that 112 shrubs
were symptomatic and that the disease affected all
areas of tree heath located in the central part of the
island. In particular, disease incidence among the six
MPs plots ranged from 45 to 100%.

Aetiology

All of the 324 symptomatic shoot samples yielded
colonies of a single species of Botryosphaeriaceae.
On PDA at 25°C, all isolates developed moderate
aerial mycelium, with a light yellow pigment diffus-
ing into the medium that became pale grey on the
reverse side of Petri dishes after 5-6 d (Figure 1d).
Conidiomata were formed from the centre of colo-
nies within 3-4 weeks. All isolates produced hyaline,
aseptate and fusiform to elliptical conidia (average
of 50 conidia: 18.1 x 6.3 um, length:width ratio = 2.9)
(Figure 3e), and sporadically elliptical microconidia.
On the basis of morphological and cultural features,
the strains were identified as Neofusicoccum luteum
(Pennycook & Samuels) Crous, Slippers & A.J.L.
Phillips. Identification was confirmed by analysis
of the ITS and EFl-a sequences. BLAST searches
in GenBank showed 100% similarity with reference
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Figure 1. a: Early dieback symptoms on shoots of tree heath. b: Shoots wilted with brown leaves still attached during the
summer. c: Extensive twig and branch dieback. d: Colonies of Neofusicoccum luteum on PDA after 7 d at 25°C (left, upper
view; right, reverse). e: Hyaline and aseptate conidia.

sequences of N. luteum including the ex-type isolate
(CBS110299). New sequences were deposited in Gen-
Bank (ITS accession numbers: KJ406187-K]J406192;
EF1-a accession numbers: KJ943360-KJ943365).

Pathogenicity

Two months after inoculation, all seedlings in-
oculated with the strain BL142 obtained in this study
showed dark brown necrosis at the inoculation
points. However, on stems the mean lesion length
produced by N. luteum was not significantly differ-
ent from that of the control (Figure 2). On inoculated
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shoots N. luteum caused extensive necrotic lesions
significantly different from those on controls, and
the symptoms were identical to those observed in
the field. The pathogen was successfully re-isolated
from all shoots and stem samples processed, thus
fulfilling Koch'’s postulates.

Neofusicoccum luteum was first isolated from le-
sions on ripe fruit of Actinidia deliciosa (A. Chev.) C.F.
Liang & A.R. Ferguson in New Zealand (Pennycook
and Samuels, 1985), and more recently has been
found to be pathogenic to a wide range of woody
hosts of agricultural and forestry importance in dif-
ferent countries around the world. These include Cra-
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Figure 2. Mean lesion length caused by Neofusicoccum lu-
teum on tree heath seedlings. Error bars represent the
standard deviations from the means. Significant differ-
ences among mean values were determined with the Stu-
dent’s f test, using XLSTAT software (Addinsoft, France). *
= P<0.05, ns = not significant.

taegus mexicana Moc. & Sessé ex DC., Olea europaea L.,
Persea americana Mill., Quercus robur L., Rhododendron
spp., Syzygium cordatum Hochst. ex C. Krauss and Vi-
tis vinifera L. (Pavlic et al., 2007; McDonald et al., 2009;
Sergeeva et al., 2009; Pintos Varela et al., 2011; Ampon-
sah et al., 2012; Adesemoye et al., 2013; Barradas et al.,
2013). To our knowledge, this is the first report of N.
luteum as a pathogen of tree heath. Despite the eco-
logical importance of Mediterranean “maquis”, the
diseases affecting these plants have not yet been ad-
equately studied. Given the high ecological relevance
of this outbreak and the abundance of Mediterranean
“maquis” ecosystems in Sardinia, further investiga-
tions are underway to monitor their health status.
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