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Summary. Over the last 10 years, several fungi were isolated from grapevines with
grapevine trunk disease (GTD) symptoms, in the Apulia and Molise regions of Italy.
Morphological and molecular analyses allowed the identification of species belonging to
Botryosphaeriaceae, Phaeoacremonium species, Phaeomoniella chlamydospora, Pleuros-
toma richardsiae and less-common fungi associated with grapevine trunk diseases, such
as Cadophora, Colletotrichum, Seimatosporium and Truncatella. These last genera were
isolated at significant frequencies, so they were investigated for possible involvement
in GTDs. To screen the large numbers of isolates collected, microsatellite-PCR analysis
was carried out with the M13 primer, and 29 strains were further studied by amplifica-
tion of different genes, for multi-locus analyses. Phylogenies and morphological analy-
ses allowed identification, for first time in Italy, of fungi associated with GTDs, includ-
ing Cadophora luteo-olivacaea, Colletotrichum fioriniae, Seimatosporium vitis-vinifera and
Truncatella angustata. Pathogenicity assays with these fungi and other fungi known to be
pathogens for grapevines (Lasiodiplodia citricola, Phaeoacremonium italicum, Pleurostoma
richardsiae) showed that they caused disease symptoms on two Italian grapevine cultivars
(‘Bombino bianco, ‘Nero di Troia), although with different degrees of severity. Among
the fungi isolated for the first time in Italy, Sei. vitis-vinifera was the most aggressive,
while C. fioriniae the least pathogenic. All of these fungi were re-isolated from grapevine,
and thus fulfilled Kochs postulates, confirming their pathogenicity on grapevine.

Keywords. Cadophora luteo-olivacea, Colletotrichum fioriniae, Seimatosporium vitis-
vinifera, Truncatella angustata, phylogenies, artificial inoculation.

INTRODUCTION

Several diseases caused by fungi that have been associated with grape-
vines over the last 20 years have caused severe yield losses in other grape
producing countries (Gramaje et al., 2018; Guerin-Dubrana et al., 2019).
Grapevine trunk diseases (GTDs) are considered to be the most destruc-
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tive and severe diseases of grapevine in Mediterranean
countries, including Spain, France, Portugal and Italy,
and also in the United States of America, Australia, and
Asia (Gubler et al., 2005; Gramaje et al., 2018; Guerin-
Dubrana et al., 2019). The main fungi that cause GTDs
are species involved in different diseases, which include
Esca and Petri disease (Larignon and Dubos, 1997;
Mugnai et al., 1999; Gramaje et al.,, 2011; Navarrete
et al., 2011; Bertsch et al., 2013; Carlucci et al., 2015a;
Travadon et al., 2015), Botryosphaeria dieback (Urbez-
Torres, 2011), Diaporthe and Eutypa diebacks (Larignon
and Dubos, 1997; Fourie and Halleen, 2004; Urbez-Tor-
res et al., 2013), and black foot disease (Halleen et al.,
2004; Agusti-Brisach and Armengol, 2013; Carlucci et
al., 2017).

The main external symptom of GTDs is general
decline of affected plants. The specific external symp-
toms consist of tiger-stripe leaves, stunted shoots and
chlorotic leaves which are sometimes cupped and with
necrotic margins, flattened areas of the wood without
bark, cankered wood and wedge-shaped perennial can-
kers, black and sunken necrotic lesions on roots, and
reddish brown discolouration at the bases of trunks
(Gramaje et al., 2018). Internal symptoms include dark-
coloured xylem vessels of the grapevine trunks, with
exudate from the vessels when the trunks are cut in
cross-section, and dark streaks in longitudinal sec-
tions (Phaeomoniella chlamydospora, Phaeoacremonium
spp., Cadophora spp.). There can also be black subcor-
tical streaking (Pleurostoma richardsiae) and necrosis
of the wood tissues. Other symptoms are of rootstock
browning in young grapevines (due to black foot fungi).
Cordon dieback can also occur, with loss of spurs and
internal necrotic wedge-shaped staining in stem cross-
sections (Eutypa lata, Botryosphaeria spp.), and wood
white rot (caused by Basidiomycete fungi) (Gramaje et
al., 2018).

Grapevines can be affected by one or more GTDs
at the same time, as individual plants can be infected
by different pathogens, due to co-occurrence of multi-
ple infections throughout a season, and over years. This
produces overlapping of the symptoms described above,
which makes their association with the specific responsi-
ble fungi particularly difficult to define, and detection of
causal pathogens challenging (Gramaje et al., 2018).

High isolation frequency of particular fungal spe-
cies involved in GTDs from mature, young and nursery
grapevines in different countries can be different, due to
climatic and geographic conditions, to specific pathogen
aggressiveness, and to host cultivar susceptibility (Guer-
in-Dubrana et al., 2019). Petri and black-foot diseases are
mostly detected on planting material and young vines
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(Rego et al., 2000; Agusti-Brisach and Armengol, 2013;
Carlucci et al., 2017). Conversely, apoplexy, Esca and
grapevine leaf symptoms, and Phomopsis, Eutypa and
Botryosphaeria diebacks are most frequently observed
on mature grapevines (Guerin-Dubrana et al., 2019).

To date, up to 138 fungal species belonging to 35
genera have been reported as responsible for GTDs.
However, pathogenicity towards grapevine wood has
not been tested and/or confirmed for all of these fungi
(Gramaje et al., 2018; Berlanas et al., 2020; Brown et al.,
2020). For instance, ‘Pestalotioides fungi’ have been fre-
quently associated with symptomatic and asymptomatic
vineyards (Farr and Rossman, 2018; Liu et al., 2019),
although no detailed information is available about their
involvement in GTD symptoms. In Italy, incidence of
Esca, grapevine leaf symptoms and apoplexy is signifi-
cant and increasing in all grapevine production regions
(Guerin-Dubrana et al., 2019). In Apulia, Molise and Sic-
ily, Botryosphaeria dieback has also been reported (Cris-
tinzio, 1978; Burruano et al., 2008; Carlucci et al., 2009;
2015b). Eutypa and Phomopsis diebacks are known to
occur, if not frequently, in Italian vineyards (Guerin-
Dubrana et al., 2019). Pleurostoma richardsiae, Dacty-
lonectria torresensis, Ilyonectria liriodendri and The-
lonectria blackeriella were reported for the first time in
Italy by Carlucci et al. (2015a; 2017).

A collection of fungi from a decennial survey carried
out in symptomatic vineyards in the Apulia and Molise
regions of Italy was subjected to identification and char-
acterisation by morphological and molecular approach-
es, and pathogenicity testing of representative isolates
was carried out to determine their putative involvement
in GTDs. The present paper describes results from this
research.

MATERIALS AND METHODS
Fungal isolates

Symptomatic grapevine samples were collected and
analysed during the years 2009 to 2018. The samples
were from many vineyards in the Foggia, Barletta-Trani-
Andria and Campobasso provinces in Italy, and were
taken from different grapevine cultivars, including ‘San-
giovese’, ‘Montepulciano’, ‘Nero di Troia’, ‘Pinot grigio’,
‘Trebbiano toscano’, ‘Moscato bianco’ and ‘Chardonnay’
(Table 1).

External symptoms observed on affected grapevine
plants included stunting, reduced grapevine vigour,
shoot dieback, and leaf discolouration with intervein-
al chlorosis and necrosis. Internal symptoms included
black discolouration of wood under the bark, and necro-
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Table 1. Information on vineyards surveyed and sampled in the Apulia and Molise regions (southern Italy).

Vineyard
Survey Year Location
Cultivar Age (year) N. samples GTD Incidence* (%)
2009 Cerignola (FG) ‘Sangiovese’ 27 8 13.4
Lucera (FG) ‘Nero di Troia’ 15 3 11.5
Lucera (FG) ‘Moscato bianco’ 10 3 9.8
2011 Canosa di Puglia (BT) ‘Montepulciano’ 21 4 16.2
Canosa di Puglia (BT) ‘Sangiovese’ 12 3 11.3
Foggia (FG) ‘Nero di Troia’ 19 5 13.5
Foggia (FG) ‘Pinot grigio’ 13 3 9.2
2012 Foggia (FG) ‘Moscato bianco’ 17 4 6.7
Campobasso (CB) ‘Pinot grigio’ 2 3 11.2
Barletta (BT) ‘Sangiovese’ 14 3 17.3
Barletta (BT) “Trebbiano toscano’ 11 3 16.4
2013 San Severo (FG) “Trebbiano toscano’ 29 10 21.4
San Severo (FG) ‘Nero di Troia’ 21 6 18.3
San Severo (FG) ‘Pinot grigio’ 12 3 16.9
Termoli (CB) ‘Pinot grigio’ 5 4 85
Termoli (CB) ‘Chardonnay’ 5 3 9.2
Cerignola (FG) ‘Sangiovese’ 14 3 12.6
Cerignola (FG) “Trebbiano toscano’ 8 6 9.3
2015 Campomarino (CB) ‘Chardonnay’ 2 6 11.5
Campomarino (CB) ‘Pinot grigio’ 2 6 14.2
Stornara (FG) ‘Sangiovese’ 31 8 19.8
Torremaggiore (FG) “Trebbiano toscano’ 25 6 19.2
Torremaggiore (FG) ‘Nero di Troid 15 4 14.8
2017 Foggia (FG) ‘Sangiovese’ 9 3 10.5
Foggia (FG) “Trebbiano toscano’ 17 4 13.7
Canosa di Puglia (BT) ‘Montepulciano’ 21 6 19.4
Canosa di Puglia (BT) ‘Sangiovese’ 23 3 18.9
2018 Cerignola (FG) “Trebbiano toscano’ 19 3 13.6
Barletta (BT) ‘Chardonnay’ 14 6 11.8
Barletta (BT) ‘Montepulciano’ 17 6 10.3

* GTD Incidence was calculated on the basis of vines showing symptoms on 2,500 plants for each surveyed vineyard.

sis of xylem tissues. The samples included grapevine
trunks, cordons and woody shoots. These were trans-
ported to the laboratory for analyses, where they initially
underwent surface sterilization (Fisher et al., 1992). The
bark of each sample was removed with a sterile scal-
pel, and thin wood sections were cut (1 to 3 mm thick).
From each section of each sample, five small wood tis-
sue samples were cut and placed onto potato dextrose
agar (PDA; 3.9% potato dextrose agar; Oxoid Ltd), and
onto malt extract agar (MEA; 2% malt extract, 2% agar;
Oxoid Ltd), both of which were supplemented with 500
mg L streptomycin sulphate (Oxoid Ltd). After 7 to 10
d of incubation at 22+3°C in the dark, all of the fungal

cultures obtained were purified by transferring single
germinated conidia or small pieces of hyphae to Petri
dishes containing fresh PDA.

Morphological and culture characteristics of isolated
fungi were initially used to distinguish genera and spe-
cies that were isolated from these symptomatic tissues
(Crous and Gams, 2000; Mostert et al., 2006; Essakhi
et al., 2008; Agusti-Brisach et al., 2013; Phillips et al.,
2013; Raimondo et al., 2014; Carlucci et al., 2015a). The
isolation frequency (IF; %) for each species was calcu-
lated as the number of tissue segments infected by each
fungus, divided by the total number of tissue segments
incubated.
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DNA extraction and microsatellite PCR profiles

Genomic DNA was extracted from the 420 isolates
obtained, from 15-d-old cultures grown on PDA (Car-
lucci et al., 2013). Many of the isolates (339) belonged to
Botryosphaeriaceae and Phaeoacremonium, Phaeomon-
iella, Pleurostoma, Cadophora, Colletotrichum, Seimato-
sporium and Truncatella, so preliminary screening was
carried out for each genus based on the M13 minisatel-
lite primers (5-GAGGGTGGCGGTTCT-3’) (Meyer et
al., 1993). Microsatellite (MSP)-PCR profiles were gener-
ated according to Santos and Phillips (2009). The DNA
banding patterns were analysed using the Bionumerics v.
5.1 software (Applied Maths), with calculation of Pear-
son’s correlation coeflicients according to the unweight-
ed pair group method with arithmetic means. The repro-
ducibility levels were calculated by comparisons of the
banding profiles obtained for the M13 primer. For this
purpose, from any cluster, 10% of the strains were cho-
sen at random, and their profiles were repeat.

Molecular characterisation

The MSP dendrogram generated for each genus pro-
duced different clades from which representative isolates
were chosen for phylogenetic analysis data not shown).
Eighty-four representative isolates of Botryosphaeriace-
ae, Phaeoacremonium spp., Phaeomoniella spp. and Pleu-
rostoma spp. were identified using the keys, descriptions
and sequence data from Phillips et al. (2013), Mostert et
al. (2006), Essakhi et al. (2008), Raimondo et al. (2014),
Crous and Gams (2000) and Carlucci et al. (2015a). For
41 Botryosphaeriaceae strains, ITS1-5.8S-ITS2 were
amplified using the universal primers ITS1 and ITS4
(White et al., 1990), and part of EF1-a was amplified
using the primers EF1-688F and EF1-1251R (Alves et al.,
2008), according to Carlucci et al. (2015b). For 27 Phaeo-
acremonium strains, partial B-tubulin and partial actin
genes were amplified using the universal primers T1
(O’Donnell and Cigelnik, 1997), Bt2b (Glass and Don-
aldson, 1995) and ACT-512F/ACT-783R (Carbone and
Kohn, 1999), according to Raimondo et al. (2014). For
seven Phaeomoniella and Pleurostoma strains, ITS1-5.8S-
ITS2 were amplified using the universal primers ITS1
and ITS4 (White et al. 1990), according to Damm et al.
(2010) and Carlucci et al. (2015a).

The other 29 representative strains that belonged to
the Seimatosporium, Truncatella, Cadophora or Colle-
totrichum were further studied using molecular and
morphological tools. Five loci were amplified for seven
Seimatosporium and 11 Truncatella strains that were
representative of the MSP-PCR groups. For large sub-
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unit RNA (LSU; ca. 500 bp) were used NL1/NL4 primer
pairs (O’Donnell and Gray, 1993); for internal tran-
scribed spacers (ITS) 1 and 2 (including 5.8S of nucle-
ar ribosomal DNA; ca. 500 bp) were used ITS5/ITS4
(White et al., 1990); for the partial B-tubulin gene (tub;
ca. 680 bp) were used T1 (O’Donnell and Cigelnik, 1997)
and Bt2b (Glass and Donaldson, 1995); for the partial
translation elongation factor 1-alpha (tef-Ia; ca. 300 bp)
were used EF1-688F and EF1-1251R (Alves et al., 2008);
and for the second-largest subunit of DNA-directed
RNA polymerase II (rpb2; ca. 500 bp) were used RPB2-
5f2/RPB2-7cr (Liu et al., 1999; Sung et al., 2007).

The LSU and ITS PCR reactions and conditions were
performed according to Carlucci et al. (2012), with those
for B-tubulin, tef-Ia« and rpb2 according to Liu et al.
(2019).

Three loci including ITS (ca. 550 bp), the partial
translation elongation factor 1-alpha (tef-Ia; ca. 420bp)
and the partial B-tubulin gene (fub; ca. 500 bp) were
amplified from six Cadophora strains, as representative
of the MSP-PCR groups. These amplifications used the
following primer pairs: ITS5/ITS4 (White et al., 1990)
for internal transcribed spacers (ITS) 1 and 2; EF1-728F
and EF1-986R (Carbone and Kohn, 1999) for the par-
tial translation elongation factor 1-alpha; and BTCadF
5 and BTCadR 5 (Travadon et al., 2015) for the partial
B-tubulin gene. The ITS PCR reactions and conditions
were performed as described above, while those for tef-
I and B-tubulin according to Travadon et al. (2015).

Six loci were amplified for five Colletotrichum strains,
as representative of the MSP-PCR groups. These includ-
ed: the 5.8S nuclear ribosomal gene with the two flank-
ing ITS (ca. 538 bp); B-tubulin (tub; ca. 500 bp); partial
actin (act; ca. 250 bp); the intron of glyceraldehyde-
3-phosphate dehydrogenase (gapdh; ca. 250 bp), and
chitin synthase (chs-1; ca. 280 bp). The primer pairs
used were ITS5/ITS4 (White et al., 1990) for inter-
nal transcribed spacers (ITS) 1 and 2; T1 (O’'Donnell
and Cigelnik, 1997) and Bt2b (Glass and Donaldson,
1995)) for p-tubulin; ACT-512F/ACT-783R (Carbone and
Kohn, 1999) for partial actin; GDF1/GDR1 (Guerber et
al., 2003) for the intron of glyceraldehyde-3-phosphate
dehydrogenase; and CHS-79F/CHS-345R (Carbone and
Kohn, 1999) for chitin synthase. The PCR amplifications
and conditions were performed according to Fu et al.
(2019).

Five microlitres of each amplicon was analysed by
electrophoresis, using 1.5% (w/v) agarose gels in 1x TAE
buffer (40 mM Tris, 40 mM acetate, 2 mM EDTA, pH
8.0) at 100 V for 30 min. The gels were stained with eth-
idium bromide and visualised under ultraviolet light
(Gel Doc EZ System; BioRad). The PCR products were
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purified before DNA sequencing (Nucleo Spin Extract
IT purification kits; Macherey-Nagel), according to the
manufacturer instructions. Both strands of the PCR
products were sequenced by Eurofins Genomics Service
(Milan, Italy).

Phylogenetic analyses

The nucleotide sequences obtained were manually
edited using BioEdit version 7.0.9 (http://www.mbio.
ncsu.edu/BioEdit). Consensus sequences were compared
with those available in the GenBank database, using the
Basic Local Alignment Search Tool (BLAST) to con-
firm the preliminary morphological identification, and
to select and download closely related sequences for
phylogenetic analyses. GenBank sequences from differ-
ent species of Seimatosporium, Truncatella, Cadophora
and Colletotrichum were then selected and added to the
sequences dataset obtained (Tables 2, 3).

The sequences were manually concatenated and
aligned using the online multiple alignment programme
MAFFT v.7 (http://mafft.cbrc.jp/alignment/server/)
(Katoh and Standley, 2013). The alignments were visually
checked and manually improved where necessary. Mul-
tilocus analyses according to maximum parsimony and
maximum likelihood were carried out for the LSU, ITS,
B-tubulin, tef-Io and rpb2 genes of the Seimatosporium
and Truncatella sequence data.

The maximum parsimony analyses were performed
using PAUP, version 4.0b10 (Swofford, 2003), with the
heuristic search option with 100 random taxa additions,
and tree bisection and reconstruction as the branch
swapping algorithm. Branches of zero length were col-
lapsed and all multiple equally parsimonious trees were
saved. Bootstrap support values were calculated from
1,000 heuristic search replicates and ten random taxon
additions. The tree length (TL), consistency index (CI),
retention index (RI), homoplasy index (HI), and rescaled
consistency index (RC) were calculated for each, and the
resulting trees were visualised with TreeView, version
1.6.6 (Page, 1996). Alignment gaps were treated as miss-
ing data for Seimatosporium strains, and as fifth charac-
ters for Truncatella strains.

The maximum likelihood analysis was carried out
using RAxXML-HPC v.8.2.12 (Stamatakis, 2006; Stamata-
kis et al., 2008) on the XSEDE Teragrid of the CIPRES
Science Gateway (https://www.phylo.org) (Miller et al.,
2010), with rapid bootstrap analysis, followed by 1,000
bootstrap replicates. The final trees were selected among
the suboptimal trees from each run by comparing the
likelihood and bootstrap scores. The outgroups in the
Seimatosporium multigenic analysis were Synnemapesta-

643

loides juniperi (CBS 447.77) and Discosia artocreas (CBS
124848), and those for Truncatella were Phlogicylindrium
eucalypti (CBS 120080) and Beltrania pseudorhombica
(CBS 138003).

Multilocus alignment of the Cadophora (ITS, tef-1a,
B-tubulin genes) and Colletotrichum (ITS, p-tubulin, act,
gapdh, chs-1 genes) strains was performed as described
above with alignment gaps treated as missing data. Hya-
loscypha finlandica (CBS 444.86) was used as outgroup
in the Cadophora analysis, and Colletotrichum gloe-
osporioides (ICMP 17821) for the Colletotrichum analy-
sis.

Morphological analyses

For each species identified using molecular tools (as
described above), three isolates were used for morpho-
logical studies. To enhance sexual sporulation or conidi-
ation, these fungi were grown on MEA in Petri dishes
for 10 to 21 d under UV light at 23+2°C. Fungal struc-
tures were observed and measured from 100% lactic acid
microscope slide mounts by making 30 measurements
(at x400 or x1,000 magnification), using a measure-
ment module (Leica Application Suite; Leica Microsys-
tems GmbH). Photomicrographs were recorded using a
digital camera (DFC320; Leica) on a microscope fitted
with Nomarski differential interference contrast optics
(DMR; Leica). The morphological features of conidiog-
enous cells and conidia were also determined in distilled
water, by picking mycelium plugs from 30-d-old cultures
grown on MEA, with images captured using a micro-
scope (DM5500; Leica) at x40 magnification.

Pathogenicity tests

Three isolates of each species were used in patho-
genicity tests, to determine the infection of grapevine
wood tissues by the less-known GTD fungi, and to
compare their aggressiveness with the most common
and previously determined GTD fungi. The previously
determined GTD fungi used were: Lasiodiplodia citricola
(Carlucci et al., 2015b), Phaeoacremonium italicum (Rai-
mondo et al., 2014), and Pleurostoma richardsiae (Car-
lucci et al., 2015a).

Inoculations were carried out in June 2018, on
1-year-old canes (diam. 1.0-2.5 cm) from 10-y-old grape-
vines of the cultivars ‘Nero di Troia’ and ‘Bombino bian-
co’ in vineyards in an open field. The canes were inoc-
ulated at the internodes by wounding, as described by
Carlucci et al. (2013). The wounds (each 1.0-2.0 cm long)
were made on the cane surfaces with a sterile scalpel.



= (Panunuod)
z
ht 9S6VSSHIN  08VFSSHIN  TTLVSSHIN  SPOPSSHIN  8STHSSHIN V1Y SNQUOS Auewrzan LH S6'72F SI0 snjpda0401u 0dg
m 096VSSHIN FSTPSSHIN  STLFSSHIN  6V0VSSHIN  T9ZFSSHIN s1sanAs sy Spue[ayIaN YL LH 0£°9%% S0 1wt “odg
E LV9S8SHIN FHICSSHIN SPISSSHIN  €HOE8SHIN  9¥9€8SHIN vUILYI VSOY MN LA 904640 TNI '579Z€ D¥EAN
& 9€0SSSHIN  T9SPSSHIN  008VSSHIW  LZIFSSHIN  TEEPSSHIN Stunuimod sniadunf fueurron 875%C DdD
8 SF6FSSHIN  OLFPPSSHIN  TTZPSSHIW  SEOPSSHIN  TSTPSSHIN voyvads sndvg Auewrran 06%5€ SO vjoouay] “0ds
m 006VSSHIN  ZLIPPSSHIN 6S9VSSHIN  T66€SSHIN  0TTHSSHIN sopnp snunid uredg LH €00€ZT S9D snuvout ‘odg
k= 6T0SSSHIN  SSSPSSHIN  #64FSSHIN  TTIFSSHIN  9ZEPSSHIN voUINSUDS SNUI0D Auewren 688€H1 SIO 110211440 04
= €S8FSSHIN  PLEPSSHIN ST9FSSHIN 9S6§SSHIN  64TFSSHIN umowun uMOwuN LH $2€011 S9D snpydasiq snpvaoiods
- T0S666ST  965L66ST  8TST66ST - vaafiua s Arey I ZINA
- TEE90LAM  LSTOOLAKY  LOS90LXM  TSTIOLAM vaafia s ySQ “uno) edeN 6SLedeN
- €TE€90LAM  SFTI0LAM  86T90LAM  €LT90LAM vaafiuia srA - ySN Kuno) edeN y9/edeN
- 8TE90LAM  €STI0LAM  €0€90LAM  8LT90LAM vaafiia sy ysQ “uno) edeN z8sedeN
- GTE90LAM  0ST90LAM  00€90ZXM  SLTOOLAM vadfima sty ySN Kuno) edeN zLLedeN
- 9Z€90LAM  TSTI0LAM  TO€90LAM  9LT90LAM vaafiuia syrA - ySN Kuno) edeN yLLedeN
- - - €9€076U  79€076W vaafiuta SIA Apear 1500-¥1 DDNTIN sHA 128
8LVZISNIN OSFZI9SNIN LSPTISNIN FIFTISNIN  1LPTISNIN vaafiua sIA Arear 1ST DDUD
LLVI9SNIN 6VFTISNIN 9SPZOSNIN €9FTISNIN  OLPTISNIN vaafiuta SIA Aoy 8%C DDUD
9/VT9SNIN SPFTISNIN SSVZOSNIN T9FTISNIN  69FC9SNIN vaafiuta SIA Arear LVT DDUD
6LVI9SNIN TSFTI9SNIN SSPZOSNIN SOFTISNIN  TLPTISNIN vaafiuia SHIA Ao 67T DOUD
SLVZ9SNIN LVPTISNIN PSPTISNIN  T9VTISNIN  S9FTISNIN vaafiuta sIA Apey ¥12 028D
VLVCOSNIN 9FPTISNIN  €SFTISNIN  09VTISNIN  L9FTISNIN vaafiuia sIA Arear €17 00U
SLVT9SNIN SPPTISNIN TSPTISNIN  6SPTISNIN  99FT9SNIN vaafiuia SHIA Aoy >T1T DDUD
¥88VSSHIN  COVPSSHIN  €POVSSHIN  ¥86ESSHIN  TOTFSSHIN vaafiuta SIA uel] 66¥91T SO
TO6VSSHIN  STFFSSHIN 099¥SSHIW  T66€SSHIN  TITPSSHIN vaafiua sIA uredg LH %00€2T S0 avaafiuta-snia 128
- 9VE90LAN  TZTI0LAY  96T90LAM  1TE90LAM vaafiuta SIA vsn IH 009Z¥1 SO auLiofisnfizia 19§
€STES8IT  €OTESSIT  €STESSLT  SOTESSIT  LT/S6TLM DIISSTIUIDY DSOY eIssny LT €786€T SAD avso. 12§
GEOSSSHIN T9SPSSHIN  66LFPSSHIN  9TTPSSHIN  T€SPSSHIN v4aA DIDISI] uel LS¥PT DdD
ST6VSSHIN  TEPPSSHIN TLOVSSHIN  €9%700dY  16¥700d 424 DIDISI] uel] LH 988€1 S0 avovgsid 108
6L6VSSHIN TOSPSSHIN THLPSSHIN 990FSSHIN  8LTPSSHIN sisuainuw sndivosdiyd SPUBISIAN YL, 89°68. SID
LI6VSSHIN  FEPPSSHIN 9L9PSSHIN  TTL86TIM  €T/861LM smijofindo sndivsoshyq eIssy LH 8966€1 SID 1duvoosdyd 128
- VEE90LA  6ST90LAM  ¥8TOOLAM  60£90LAM vaafiuta sIA vsn LH 665T¥1 SID win.todsoagny 12§
LS6VSSHIN  T8VPSSHIN  €TLVSSHIN  LFOVSSHIN  6STHSSHIN umowun Aueurron IH £8'LEV SAD wnoupwIag 128
- - 0LLLYODT — 66L¥6SAV  1€LE6SAV vsooyn.ffns viuoavg uede( LH 002501 D¥IN up10q winiiodsorpusias
€06VSSHIN  0TFPSSHIN T99¥SSHIN  766€SSHIN  €TTYSSHIN voualls sndvq Lueurron L3 8¥8FC1 SO $D249014D DISOISI(T
29d4 01-Jo1 qn} SLI NsST

Idqunu UoIssadde Juequoo)

1504

uo1ed0]

RIoquunu 9)Jejos|

sapadg

644

"sasAreue oruagd

-nmuw Yy ut pasn ‘dds vioydopvy pue dds vjjagpoun.ty, “dds wniiodsojpuirag Jo sureIls oY) Jo SISQUUINT UOISSIIIL YUBGUID) PUE $JSOY ‘SUOTILIO] ‘SISQUUINT UOTIRdYTUIPT B[0S] *T J[qRL,



% (Panunuod)
LTOSSSHIN  €SSPSSHIN  T6LFSSHIW  6TTPSSHIN  $TEFSSHIN SUD0ID421| WINJ2IQUIOD) eIqureyz, LTOFYT SAD
STOSSSHIN TSSYPSSHIN  06LFSSHIN  LITPSSHIN  TTEFSSHIN stjjows viapLg ®JLY {Inog 920¥¥1 SO
DUVILLDOIISHD
CTOSSSHIN  6VSYSSHIN  88LFSSHIN  STIPSSHIN  0ZEFSSHIN SOUIUDIVLL] DISTIPID) eIV YInog LH 988€%T SO -
9S0SSSHIN  T6SYSSHIN  0S8FSSHIN  LSTYSSHIN  €SEFSSHIN asuadajvy winiSiog elfexisny 95687 DdO
TI0SSSHIN  TESPSSHIN  TZLVSSHIN  860FSSHIN - S0SPSSHIN vaov)yf visalg BV YInog 90727 MIND ‘T16L1 DdD
888VSSHIN 90VPSSHIN 8YOFSSHIN  €168420d  8768.70d s1suadpo puiosopoiy eILYY IN0g 8¥I8TT SAD
L8SVSSHIN SOVPSSHIN  LVPOVSSHIN 2168220 LT68.70A viv3aa spomoUUD) eIV YIN0g LT SPI8TT SO
988VSSHIN FOVPSSHIN  9¥9FSSHIW  126842DA  9768L70A ds srdajoudipsy eIV [IN0S PFISTI SAD vaoupuds 1o
puvipnviypnvs
T68VSSHIN  TIPPSSHIN €SOVSSHIN  ST68420Ad 676870 > sidajouipsy eIV YIN0g LH 012611 S0
688VSSHIN LOPPSSHIN  6V9FSSHIN 1684200 €0THSSHIN swuiofijyf onsay eIV YInog 0ST8TT SAD WNDIIVUOLISIL "JOF]
TF0SSSHIN  0LSPSSHIN  808PSSHIN  SETFSSHIN  LEEPSSHIN nysypm snaiangy vsn LH S68€7T S0 vjoa24anb “JoE
686VSSHIN TISPSSHIN  TSZVSSHIN  ZLOPSSHIW  8STPSSHIN sojnvav vajoid ®ILJY [IN0S LH 020¥¥1 S0 10919304d v]j0j0o1un.11042)9F]
IP6VSSHIN  €9¥FSSHIN  SOLVSSHIN  8TOFSSHIN  LFTPSSHIN [tos vsn LH 98°20€ SO  vjoonuny viodsupauitsianid
690SSSHIN 809¥SSHIN  9¥8FSSHIN  €LIPSSHIN  L9SFSSHIN umowuN umowyun ¥STT DdH aDqIvIIA D][aUi004g
TEOSSSHIN  8SSTSSHIN - VCIPSSHIW  STT69801 stuLL0fav]nqvy snuld BUIYD €008€1 ST varquioyiopnasd viuvijjag
L90SSSHIN SO9¥SSHIN  €¥SVSSHIN  OLT¥SSHIN  ¥9€7SSHIN oy VIYIY vsn IIPHT SO
€EOSSSHIN  6SSYSSHIN  L6LFSSHIN  STIPSSHIN  0SEFSSHIN vinivd snuid epuesn LH T68¢71 SO nid ung
TSTES8IT  TOTESSIT  TSTESSIT  FPOTESSIT  SEFOTLLM sHpIUap100 snssoj5o3da] Arey LT 50721 S0
L6SYSSHIN  STPFSSHIN  LSOVSSHIN  686€SSHIN  LOTHSSHIN voupyisny snssaidn)) ®ILYY YIN0g S1972T SAD sapiopavy[1qoL uvg
VO6VSSHIN  98TPSSHIN  LTLPSSHIN  TSOPSSHIN  $9TPSSHIN ny [ize1g LH 19'79% S0 vjjaq viupILg
996VSSHIN  88VPSSHIN  6TLVSSHIN  €SOVSSHIN  99TFSSHIN vaoruaoyd sniadunf aouex] LH £2°LLy S9D Hadiuni saproppisadpuauudy
9/8VSSHIN  S6EFSSHIN  9€9PSSHIN  LL6SSSHIN 96 THSSHIN vUIYI VSOY uapamg LH €0ZHTT SI0 smydiowiriy -odg
896VSSHIN 06VPSSHIN T€LFSSHIN  SSOPSSHIN  89TPSSHIN ds v1quoydng Area 1£°905 SO [ ds snppooiods
VZ6VSSHN  THPPSSHIN  ¥89VSSHIN  800¥SSHIN  6TTFSSHIN uMmowu uMowun ST'091 SAD 1q40s “ods
. VL6VSSHIN  96VFSSHIN  LELPSSHIN  090¥SSHIN  €LTHSSHIN wnjissnd winiqoynasly epeue) L1H €8'919 SO snyppunjol ‘ods
8 SO6VSSHIN  L8FPSSHIN STLZYSSHW  TSOVSSHIN  S9TYSSHIN ds snqny SPUBIAYIAN YL 96'99% SAD
©) VE6VSSHIN  LSVPSSHIN  669VSSHIN  €TOVSSHIN  SYTFSSHIN snsooyn.f snqmy SPUBIaYIAN YL 6¥°0SZ SID
= 9T6VSSHIN  LFFPSSHIN  689FSSHIN  €TOVSSHIN  €ETPSSHIN Stunuwuiod sniddq SPUBIAYIAN YL 05'78T SO
.w SO6VSSHIN  €TPPSSHIN  S99FSSHIN  966€SSHIN  STZHSSHIN UoLpUIPOPOIY eIAje] 991671 S4D
m €88FSSHIN TOVPSSHIN TPOFSSHIN  €86ESSHIN  00TFSSHIA vaafiuta SIA wely 86¥91T SAD vuasiso. odg
3 V9SVSSHIN  8SEVSSHIN  679FSSHIW  0L6ESSHIN  68TFSSHIN VDI VSOY uapamg TESETT SAD win.psos ‘ods
E LVOSSSHIN 9ZSYSSHIN VISVSSHIN TFIVSSHIN  €VEFSSHIN ds wnuinqip OEEN LH 668€¥T S0 smvydasypnu ‘ods
mo I86VSSHIN  POSYSSHIN  FHLVSSHIN  890FSSHIN  08TPSSHIN ds saqny SPUBIAYIAN YL 89°/88 SAD
2 zqds 011 qam SII ns1
2 1S0H uoned0] LJaquINu 3Je[0s] sapadg
M .HOLE.DQ UO0ISssadde Mﬁmmﬁwo
mb
3 ‘(panunuo)) g a|qer



Maria Luisa Raimondo et alii

646

(panunuod)

- - - - - vaafiuta SIA Arex 10T DDUD

- - - - - vaafiura st Ao 661 DDUD

- - - - - vaafiura st Arey S61 DDUD

- - - - - vaafiuta syIA Arex 681 DDUD
SPPTOSNIN SEPTISNIN LEVTISNIN 6EVTISNIN  THHTISNIN vaafiuia SN Ay 881 00U

- - - - - vaafia SIA Arex S91 DDUD

- - - - - vaafiuia s Aoy L¥1 DD¥D
0L6VSSHIN T6VPSSHIN  €SLVSSHIN  LSOPSSHIN  TZZ¥SSHIN snjput snidq PURIZIMS 9,795 SO

bvjo4vI SNINY(J uo ‘ssewx

SLOVSSHIN  L6VPSSHIN 8ELVSSHI  190VSSHIN PLTVSSHIN - gg, 1045 soumn paaposopopy PUBMOZIIMG L6TH9 SED
0T0SSSHIN  SPSPSSHIN  ¥8LVSSHIN  TTTFSSHIW  ZTEPSSHIN preunIq vaafiua A aouel] ¥SETT DA
6S6VSSHIN  €8PPSSHIN  $TLFSSHIN  8FOPSSHIN  09TFSSHIN sa1qv vastd NN ¥S°€vF SAD

- PSPPSSHIN  969%SSHIN  0ZOFSSHIN  6€TFSSHIN pooq SPUBISYIAN YL, 08'807 SO
TTOSSSHIN  LPSPSSHIN  98LVSSHIN  STIFSSHIW  6T€PSSHIN pIepUNI] DA2fiula SYIA aouel] 99€1Z DdD
T86VSSHIN  90SYSSHIN  9VLFSSHIN  0L0PSSHIN  18THSSHIN SNSDI004NV] SNUNA SPUR[ISYIAN YL, 0L'8€6 SED
196VSSHIN  SSPPSSHIN  9T/PSSHIN  0S0¥SSHIN  9THSSHIN ds vfnyg, 10 “ds x1jpg uMOwuN 15°6¥¥ SI0
TZ0SSSHIN  9¥SPSSHIN  S8ZPSSHIN  CTTHSSHIN  8TEPSSHIN pIe[ouUn1q vaafiua A aouel] LN SZO¥¥1 SID
€S6VSSHIN  LLFPSSHIN  STZPSSHIN  THOPSSHIN  SSTPSSHIN [1os Aoxmy, 1£°86€ SO
SY6VSSHIN  LOFFSSHIN  60LVSSHIN  €SOFSSHIW  0STHSSHIN ds smurdn SPUBIBYIAN YL 7€'8€€ SAD
TE6VSSHIN  SSPPSSHIN  L69FSSHIN  TTOPSSHIN  €PTPSSHIN ds wmiddsson Loxmy, LL'96T SO = LLT€T SAD

- PPPPSSHIN  989¥SSHIN  OTOPSSHIN  T€TPSSHIN VIVIUDULID SIUNL] umow[un ST'S91 SAD
TI6VSSHIN  6TFFSSHIN  TZ9¥SSHIN  TOOFSSHIW  0ZTHSSHIN Jyreq Surdessq uredg L6'SET SAD
0987SSHIN  F8EPSSHIN  STOPSSHIN  996€SSHIN  SSTFSSHIN sa1qv vaId Luewrron IT°€TT SO0 vyvIsnup vjjowIunL],
TSSPSSHIN  TLEPSSHIN  €TOPSSHIN  FS6ESSHIN  LLTFSSHIN vqpv s1dsQ aouel] LH 9£°€0T SED §§ammmwmw“
VS6VSSHIN  SLPPSSHIN  6TLPSSHIN  SPOPSSHIN  9STPSSHIN 00110y VIIVIY eIV IN0S LIH 1£°66€ SIO SHp4a1V] VIUDIDGLIDT
G88FSSHIN 9TE6T6AV  FWIPSSHIN  ¥TE6T6AY  TOTPSSHIN sLvSna vunjv) uredg IH €0911S9D  vywpnapuaddoiduoy oW
9Z0SSSHIN  TSSPSSHIN  T6/FSSHIN  STIPSSHIN  €TEFSSHIN winuiadsiqng winu) eIV YINOS LH 888€¥T S9D T
PI6VSSHIN TEPPSSHIN  €L9VSSHIN  CO00FSSHIN  TZTPSSHIN uodxouvppus vIOVIY aouer] LH ¥66.£T SID
LVSVSSHIN  89SPSSHIN  609¥SSHIN  0S6ESSHIN  #LIFSSHIN ©3ow(Q vuOYYs snunid PpUE[edZ MIN 0€7001 SID V10090 VIULION
9L6VSSHIN  86VPSSHIN  6SLVSSHIN  C90VSSHIN  SZTPSSHIN spaas vyj1ydosddn eIpu] LH ¥£ 49 S0
ST6VSSHIN  SFFPSSHIN  SSOPSSHIN  6007SSHIN  0STPSSHIN viafionu 00 eIpu] LLFOT SAD voLipukqns wAH
616VSSHIN 9EPPSSHIN  8L9FSSHIN  1066¥61M  #TTHSSHIN saprouuviys avydoddipy eIy 14 01701 S0
€O8PSSHIN  L8EHPSSHIN  8TOPSSHIN  696€SSHIN  88TFSSHIN saprouuviys avydoddip uapamg L89ETT SIO vjootavydoddy “widy
YTOSSSHIN  0SSPSSHIN  68LFSSHIN  OTTPSSHIN  TCEFSSHIN ds wngaiquion eIV IO IH £88€¥T SAD vividashjod ‘wdp

zqds 1o an SII nST

Iaqunu UoIssadde Juequoo)

3SOl]

uoned0

LIoquunu 31ejos|

sapadg

‘(panuniuo)) z s|qeL



647

Lignicolous fungi associated with GTDs

(panunuod)

- 690L6FVINM  ETTL6VINY  TEOL6VIN - 2sano13ues, viofiuta sIA VSN ‘IUIOfeD 11N
- 880L6VIN  TETL6VINM  TLOGVTAY - umowyu umowyun LH €£'89Z SO nutpw pr)
- 060L6VINY  FETLEVINY  6506VTAV - winupoIXaut vuiolskiquiy SPUB[IYIAN Y1, LH 75591 $90 wn.ioppul "puQ)
- - - - - vadfiura syIp Ay I€1 DD¥D
- ST6ILSNIN 9T6ILSNIN  0E6TLSNIN - vaafiuta syIA Aoy 721 DDWD
- LT6ILSNIN ST6ILSNIN 6T6ILSNIN - vaafiuia s Apea VEIT D040
- - - - - vaafiura s Arex d11 DDID
- S80L6VINY  6TIL6VINL  8YOL6VINDI - YrILS, vaofuna stip VSN BIUIOfED 95N
- PS0L6VIN  STILO6VINM  LFOL6VIN - AeuuopreyD, vaafiuia syip VSN BIUIofED €sn
- €80L6VIN  LTILGVINY  9F0L6VIN - KeuuopreyD, vaafiura sip VS BIUIOJED N
- T80L6VINL  9TILEVINM  SPOL6VIADI - vaafiuia sIA VSN BIUIOfED 1zn
- 080L6VINM  FTIL6VIN  €P0L6FINY - KeuuopreyD, vuafiua sip VS0 BIUIofeD 10
- 6L0L6VIND  €TIL6VINM  THOL6VIADT - UO[IWaS, vaafiuta SHIA VSN BIUIofe) 8N
- ISOL6VINYL  STIL6VINL  PHOLEVIADI - vdoina va)0 VSN ‘erurofed 0
- 8LOL6VINDL  TTIL6VIN  THOL6VINT - 2saro13ues, vaafiuta siA VSN ‘eruiojie) <n
- LLOLGVINYL  TTIL6VIDL  OVOLGVIADI - LeuuopreyD, vaafiua sip VSN BIUIofe) ia
- 9L0L6VINL  OTILEVIN  6£0L6VINT - ALeuuopreyD, vaafiuta stiA VSN BIUIofeD 824
- SLOLGVIN  6TTLE6VIADL  8€0L6VIAT - avaaftura SIA VSN ‘BruIofe) 61V
- 68046V €ETL6VIN  9906¥TAV - umowun uspamg IH 17 151 S90 20VAI]0-0911] "PV)
- €8S6L6dN  LIGLLOAN  ST6LLOTN - 1001 U8ua4ds X240 epeUR) ‘Yueg LH €7€€71S9D
- ¥8S6L6dN  ST6LL9IIN  6T6LL9AN - 1001 ‘VoNv]S VaoId epeUE) ‘gueq gedvd
- G8S6L6AN  616LL9N  0S6LL9AN - 1001 ‘VInvys vaoid epeUR)) ‘Yueq L£dvd winapIUL "pr))
- 6Z06TLHIN  T6SSELZHIN 109796 - SHNUUD SNYIUDIIH auren{n LH TS4¥¥T S9D nyguvyaYy pr)
- 98S6L6JIN  OT6LLOIN  T€£99N - jo01 uBaqog umouyu) LH €£0TTODLV vjv8248 "pr)
0Z6VSSHIN  LEVPSSHIN  6L9VSSHIN  €TPPST UN  8T66F6.L vvovopnasd viuiqoy eLnsny LT TT%0%T S0 1Y20Y DLIYILS
08SFPSSHIN  OT€EL8Y  LIES/8UM  PSTELSAM  T8TELSW 1824 vaU0ISLOY Suoy Suoyg LH S¥¥STT S9D avauosfos qoy
TL6VSSHIN  €6VFSSHIN FELPSSHIN - ¥8VOTZDI  6SFOTLLT Tos eIpu] IH 12485 SO avilal qoy
SO00SSSHIN  STSYSSHIN  P9LFSSHIN  T60¥SSHIN  TOSFSSHIN umowun erenSIY IH 788€¥1 SO puvyPLSHD "qOY
968FSSHIN FIFPFSSHIN 9S9PSSHIN  €ST€/8UM  T8TELSW uMOwuN ®JLY YIN0g LIH 64721 SO vuvdLLp vpIIgOY
€68FSSHIN LO9VOLHIN €€9F0LHIN €ISTET AN ¥€5€260d snnqojs snyddpong vypAIsnY LH 0800Z1 90 nBdAreons wnupurforSoyq
PIPCOSNIN 9SPTOSNIN  S8EVZISNIN OVFTIOSNIN  THPZISNIN vaafiuta SIA Arear SHT DDUD
- - - - - vaafiuia sIA Arex €% DDUD
- - - - - vaafiuta SIA Apey %2 D0UD
- - - - - vaafiuin SN Arex 0¥Z DDUD
z9d4 o121 qny SLI ns1
1S0H uoned0] LJaquINu 3Je[0s] sapadg

Iaqunu UOIssadde Juequoo)

‘(panuniuo)) z s|qeL



Maria Luisa Raimondo et alii

648

*JUOJ P[OQ UI P3JedIpUl dIe $3OUINDas pajesausd A[mau pue sIoquInu urexns ,
‘adfyo[o-xo ;L1 "odA10au-xa 11N ‘adAirde-xo 114 ‘surens ay) Jo snyess :snyeig
“I9JU2)) 201n0sAY [ed130[o1g :DYGN Uond[[0D) ) Asioarun Juen ye e ((DD)NTIN “WwopSury pajun QueT weysyeq ‘weydy 9oussorg-1qyD 9y

-13suj [ed180[02A [BUOTFRUISIU] JIN] “IMINSU] Y(IPISISIM U} 38 PIsnoy ‘Snoi)) 0Ipdd jo wnueqidl :DJH "e18304 jo Ajs1oarun jo g1vs dog 38 pasnoy ‘uords[[o) 2imn) opuow
-Tey pue ON[IR) DY AIMINSU] NIPIAISIA Y} Je PIsnoy Snor) 0Ipdd JO UOHII[0d IM[ND DD “eILFY YINOS BLIOJI] “BLI0JaId Jo AsIoatun (Igvd) aymmsuy £Sojouydajorg
[ermymoudy pue £13$310,] Y3 JO UONHII[OD) IMIND MIND SPUBLIOYISN YL, VD213 DInsu] ANSISAIporg [edunyg IpIaisopy dY3 JO UORIS[[0d IMN)) §gD "PUB[IRY], TUBYIWNYIe
SuenT Suoryy (DALOIG) £Sojourpajorg pue Suresurduyg d1OUID) 10] IUD) [PUOTIEN ‘UOIII[[0D) 2ImND DALOIL DD VSN “eruidiip uonods[jo) aamny ad4A1, ueououry )DLV «

- 980L6VINM  OSTL6VINM 611987V - umowyup) puelur] LH 98%¥% S0 voypupjusf vyddosoppAy
- €801990H - 8601990H - YL, vaafiura stip uredg g-aw)
- 1801990H - 9601990H - YeI£S, paafiura syip uredg [-ow)
- T80T990H - 9601990H - Jeaks, vaafiuia stip uredg LH LTS6€T SO vjooiA pv)
- T60L6VINL  9STL6VINML  1SE70FOA - SISUdUILD VIPIUNIY Area LH €FLITI SO
- 890L6VINM  TITL6VIND  T€0L6FINM - Lewreny, vaofrura s epeUE) 93¢and 1000
- L90L6VIN  TITL6VINL  0S0L6VINDT - JePIA, Py syiA - VSN ‘PUe[S] apoyy €Ond
uougianeg . )
- 990L6VINM  OTTL6FINM  6T0L6VIN - Jounqen, paofiua sy VS0 PUCSI2POW 1014 sp1pvds pr)
- 6V0L6VINM  €60L6VINDL  TTOL6VIN - ALeuuopreyD, viafina sy YSN MOBIAUUOD 101D
- SSOLEVINM  660L6VINM  8TOLEVIN - 2aedeIN, pHAAY sy1A ySQ oarysduwe] moN LH 1DHN DUDILIUDOIUILIO P
- L8S6L6AN  TTOLL9AN  9LSPITIV - 1001 ‘PIYDIO UIDIF UIYIION epeue) IRV C¢SISHINVN D]021p1y240 "pv)
uoudraneg .
- TLOLEVINML  OTTIL6VINM  SEOLEVINM - JouIsqen, miafiuia SHA VSN 10X MaN IDAN
- SLOLEVINDL  LTITL6VINYL  9S0L6FIN - vurdna sip VSN SI0X MON €IDAN
- TZ0L6VINDL  STIZ6VINM  FE0L6VIADI - PI0ou0D), vUVISNIGV] SHIA VSN 10X MAN TOAN
- PLOLGVINL  STTL6PINDL  LEOLEVIND - PI0dU0D), vUVISNIGV] SHIA VSN 10X MAN IH PTOAN 1v10qa-140U "pv)
- T8S6L6IN  9T6LL9AN  LT6LLIAN - 1001 ‘VInv]s vaold epeue)) ‘yueq €1dvd
- 18S6L6dIN  ST6LL9AIN  9T6LLOAIN - 1001 VInv]S vadid epeue) pueq 9dvd
- 08S6L6dIN  FI6LL9IN  STELLOIN - 1001 UaSuaLdsxaIv) epeue) Pueq LH TTEEH1SdD avnyppaiauL "pv)
- 0L0L6VINM  FTITL6VINM  €€0LE6FINM - Jousaqen, o &@%MW epeue) OLEIUQ IDNO
z9d4 o121 qny SLI NnsT

Iaqunu UOIssadde Juequoo)

3Ol

uoned0

LIoquuNu 31ejos|

sapadg

‘(panuniuo)) z s|qeL



649

Lignicolous fungi associated with GTDs

(panunuoDd)

9600560  99.6¥6D[  9016¥6D[  94.876D(  SHH8F6OI 101 YUY ‘SIUNWWiod snidd — pue[eaz MaN LH T€S8TT S9D vj001dd D
L600S6D[  £9L6¥60D[  LOT6¥6D[  £LLL8760D(  9¥¥8¥60I ds wnpuaoyd Aueurron LH 61811 SAD nuioyd D
9¢66¥60[ 90967601  9¥68F6D[  ST98P6D[  S8T8F6OI ds vsny eonTJureS  LH 89881 OdD ‘€SLS9T IINI nuoxvd
€086v60[  €L¥6v6D[  €188760D[  T8F8F6O[  TSIST6O! ‘ds vpuasossy vsn LH 08'7€9 S40 winprydopnpio -
8¥86v60[  8IS6V6D[  8588F6D[  LTS8FED[  L618T60I 1ods yed| ‘vqy vovyduwidN spuelaYIAN YL, LH 8L°S16 $4D  avovyduidu D
S¥86¥60[  S1S6¥60[  SS88%6D[  FTS8F6O[  ¥618%60( ymy jo [aod ‘opaus suniny [1zexg IH #8651 S0 sopu °y
9086760[  9/F6¥60D[  9188F6D[  S8¥8F6OI  SSI8T60I snqpv snuidn aurenin IH STT601 SO mdng D
Pr86760[  ¥IS6v6Dl  $S88%60D[  €TS8veDl  €618%60( 81m) Bunod ‘viofquviny sni) epLIoO[] VSN IHPIPITSID  vjodmauiy D
0SEPISAM  SEEPISAM  TPEPISAM  FPEFISAM  LPEPISAN sHrqou sninvg Are ILH S020-21 DONTIN unv) D
0766760 01967601  0568%60[  6198%6D[  6878%60I SISUd3]Isv4q DIAIH BIpU] LH 686C11 S90  wnpydionw] D
SOT0S60[  SLL6¥6D[  STT6¥6D[  S8/8760D[  ¥S¥8¥60I ds winnuioyq N LH €861 SID  HutoySury D
S600S60[  S9L6¥60[  SOT6¥6D[  SLL876D(  #HP8¥60I 101 3Ny “windisiodood] wnuvjog  pue[edZ MAN LH 7€S8T1 S9D  nuogsuyol -
6667601  6096760( 6768760  8198760D(  8878¥60I ‘ds smyddppong BISOUOPU] LH 165421 S9D  asuaisauopui D
12667601 16567601  1€68%6D1  0098760D[  0LT8%60( ¥y ‘vavfons wnipisq BIpU]  ILH €6881 DdD ‘6£80S¢ INI avavfond D
8500S60[  8TL6¥6D[  8906%6D(  8¢/8¥6DI  L0F8T60I Paas ‘A10[D UOARY, Ad ‘Dpriqhy viyiv]) Jrewuaq IH #¥'¢€1 S4D av139p08 D
- - - - - vadfiusa st Arei 091 DDYD
- - - - - vaafiura SIA Aoy $S1. 004D
- - - - - vaafiuta syiA Apey ¥H1 204D
9E6IL8NIN TE6ILSNIN S8E6ILSNIN  OP6ILSNIN FE6ILSNIN vaafiua s Ay 0¥1 DDUD
GE6ILSNIN TE6IL8NIN LEGILSNIN 6E61L8NIN  €E6TLSNIN vaafiura SIA Aei1 0T DOUD
7S66¥60[  TT96v60[  7968%6D[  1€98760[  10£8%60( vjnund snpppy vsn 0888T DD ‘966¥7¢ TINT
vL66V60(  ¥HO6¥6D[  F868F6D[  €598%6D(  €7€8T60( sjods Jea] “ds vjnuiig SpuBlIAYIAN YL 975921 S4D
LS66%60(  L796760[  £968F60(  9£98F60(  90£8F60( j01 3y “ds snidq vsn 8S6¥C1 SAD
0S66¥60[ 07967601  0968%6D[  6798760[  6678%60( UOTSa] INIJ ‘DIsauiop Snjvj vsn 96£SC1 SAD
667601  €196¥60[  €S6876D[ 7798760  T678%60! o[e3$ YO[WIY S}eBUOR) BiLIIX? ammww“ vsn IH £158TT S9D avug0 D
986¥60[  91S6V60D[  9588%6DI  STS8PED[  S618F60I ds ppnasn) eorwoq  \LH €£881 OdD T08¥0€ IINI avINISNI )
1€86760[  T0S6¥6D[  T9#88760[  01S8%760[  0818%60( £x13q @o1d4L, A5 varquav vaffo) BOIY BIS0D LH SL°0€€ SID  a5uUanivisod D
ST66¥60[  S6S6760[  S€68%6D[  $098¥6D[  ¥LT8F6OI poas “ds souiso) Spue[IaYIaN 24, LH €£°€58 S4D uis0d
2667601  ¥6S6¥60[  ¥€68F6D[  €098%60[  €L78%60( 10ds yes| wntwu0.100 wnwayUDsLIy) 'UIYD 0€681 DdD ‘0FSPOE TINT  1ua1puvshiyd D
We6v60[  TI96¥60[  TS68F6D[  1798%6D[  1678%60I winnuup wnaisdo) eleNSNY IH £9'T6T SAD  asuauvqsiiq *O
9010S60[  9/46¥60D[  9T16¥6D[  98/8760D[  SS¥8F60I rouny.of sndivofyovy], eOLY YIN0S IH 8.¥911 SAD a|paisny D
0985000[  6£8S000(  £6£S00D[  £L98%6D[  9.L500DI vdvdvd vorw) elensnY LH 966C11 S9D wngpnoy D
0TT0S6D[ 086601  0TI6¥6D[  06/8%6D[  65¥8%60I MY JO JOI ISPIq ‘VIHSIUOP SNV PUB[EIZ MIN oLH 0€58C1 S4D wnquav ")
qn jop I-s1 ypdos SII
S04 uoned0] eloquINU 1e[OS] samadg

Joquinu uoIssadde Jueqguor)

"sasATeue sruadnmuu o) ut pasn ‘dds winyo1i103a1j0) JO SUTEI)S AY) JO SIOQUINU UOTSSIIIL YUBGUIL) PUE SISO ‘SUOTJBIO] ‘STIqUINT UOTIedYTIUIPT B[0S] ¢ J[qe],



650

Table 3. (Continued).

GenBank accession number

Host

Location

Isolate number®

Species

tub
JQ950108

act
JQ949778

chs-1
JQ949118

gapdh
JQ948788

ITS
JQ948457

Olea europaea
The Netherlands Salix sp., leaf, spot

Portugal

C. rhombiforme CBS 129953 HT

JQ948791 JQ949121 JQ949781 JQ950111

JQ948460

CBS 607.94 HT

C. salicis

JQ948597 JQ948928 JQ949588 JQ949918

JQ948267

Capsicum sp.

Indonesia

CBS 126529 HT

C. scovillei

JQ948606  JQ948937  JQ949597  JQ949927

JQ948276

Carica papaya, fruit

Australia

IMI 364297, CPC 18929 HT  Malaysia

CBS 122122 HT
CBS 129814 HT

C. simmondsii

JQ948617 Q948948 JQ949608 JQ949938

JQ948287

Theobroma cacao, leaf

C. sloanei

JQ948514  JQ948845  JQ949505  JQ949835

Q948184

Solanum betaceum, fruit, anthracnose

Colombia

C. tamarilloi

JQ949926

JQ949596
KC205077

JQ948605 JQ948936

JQ948275

Coffea sp., leaf tissue

Vietnam

CBS 125472 HT

C. walleri

KC205060

KC205026  KC205043

KC204992

CBS 134729 HT

C. paranaense

2 CBS: Culture collection of the Westerdijk Fungal Biodiversity Institute, Utrecht, The Netherlands. CPC: Culture collection of Pedro Crous, housed at the Westerdijk Institute. CRCC:

Carlucci and Raimondo Culture Collection, housed at Dept. SAFE of University of Foggia. IMI: International Mycological Institute, CABI-Bioscience, Egham, Bakeham Lane, United

Kingdom. MFLU(CC): Mae Fah Luang University Culture Collection.

b Status: status of the strains. ET: ex-epitype. NT: ex-neotype. HT: ex-Holotype.

¢ Strain numbers and newly generated sequences are indicated in bold font.
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Agar plugs (diam. 0.5 cm) were taken from 7-d-old
fungal cultures grown on water agar at 23+2°C, and
the plugs were placed under the cane bark. Wounds
were then wrapped with wet sterile cotton wool and
sealed with Parafilm. The experimental control canes
were inoculated with sterile agar plugs. Each experi-
ment included 18 replicates per treatment.

The canes were examined at 240 d after inocula-
tion, and the lengths of any visible necrotic wood
lesions, after removal of the bark, were measured and
subjected to mycological analyses. Ten tissue pieces
from each inoculated cane were placed on MEA sup-
plemented with streptomycin sulphate at 300 mg L,
and incubated at 23+2°C in the dark. Resulting fun-
gal colonies were identified to fulfil the Koch’s pos-
tulates, and the proportions of re-isolation (%) were
calculated.

Shapiro-Wilk (W) tests were used to determine
whether the data obtained followed normal distribu-
tions. Homogeneity of the variances of the dataset
was assessed using Levene tests. Statistical analyses
were performed using Statistica version 6 (StatSoft).
Factorial ANOVA analyses were performed to define
the significance of any differences in mean lesion
lengths caused by the isolates of each fungal spe-
cies and the different fungal species, and to detect
any interactions between these factors (i.e., isolate x
fungal species). One-way ANOVA analyses were per-
formed to evaluate statistically significant differences
in the mean brown wood streaking lengths caused by
each fungal species inoculated. Fischer’s tests were
used for the comparisons of the treatment means, at
P <0.01.

RESULTS
Fungal isolates

The data related to grapevine trunk disease inci-
dence, recorded during surveys carried out through
10 y in vineyards of different cultivars, in the Apulia
and Molise regions, are summarized in Table 1. Iso-
lation frequencies of the fungal taxa isolated from
symptomatic grapevine samples affected by GTDs
and collected during the 10 y are shown in Figure 1.

The Botryosphaeriaceae (IF = 29.3%) and Phaeo-
acremonium spp. (IF = 19.3%) were the most fre-
quently isolated fungi. Phaeomoniella chlamydospora
(IF = 5.0%) and Pleurostoma richardsiae (IF = 6.4%)
were responsible for vascular and subcortical streak-
ing discolouration. The fungal taxa considered as
less-known, including Seimatosporium vitis-vinifera,
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Colletotrichum
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fioriniae 4% Botryosphaeriaceae 29%
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Phaeoacremonium

Seimatosporium
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6% chlamydospora 5%

Figure 1. Isolation frequencies of fungal species obtained from
symptomatic grapevines during a 10 year survey in the Apulia and
Molise regions of Italy.

Truncatella angustata, Cadophora luteo-olivacea and
Colletotrichum fioriniae, were isolated at IFs of 3.6% to
7.9%. The other group denoted here as ‘other fungi’ had
IF of 19.0%, and included several fungal species, includ-
ing Alternaria spp., Aspergillus spp., Epicoccum nigrum,
Fusarium spp., Penicillium spp. and Phoma-like. These
were not considered to be the causes of the disease
symptoms observed, because these fungi are known
common saprophytes.

Molecular identification of representative isolated fungi

Based on the keys, descriptions and sequence of Phil-
lips et al. (2013), Mostert et al. (2006), Essakhi et al.
(2008), Raimondo et al. (2014), Crous and Gams (2000)
and Carlucci et al. (2015b), the 84 isolates selected as
representative MSP-PCR clades were identified as fol-
lows (number of isolates): Botryosphaeria dothidea (four);
Diplodia corticola (one); D. mutila (three); D. seriata (15);
Lasiodiplodia citricola (eight); L. theobromae (five); Neo-
fusicoccum parvum (five); Phaeoacremonium iranium
(five); P. italicum (11); P. minimum (six); P. scolyti (three);
P. sicilianum (two); Phaeomoniella chlamydospora (sev-
en); and Pleurostoma richardsiae (nine) (data not shown).

The data obtained from the phylogenetic studies
carried out on the 29 strains that were considered less
well-known pathogens, and were representative of MSP-
PCR clades related to the Seimatosporium, Truncatella,
Cadophora and Colletotrichum, are summarized below.

The LSU, ITS, B-tubulin, tef-la and rpb2 sequences
were generated for seven Seimatosporium strains selected
from the MSP-PCR profiles, and were aligned with 41
sequences retrieved from GenBank (Table 2). The data-
set consisted of 48 taxa, which included the outgroup
taxa Synnemapestaloides juniperi and Discosia arto-
creas. After alignment and exclusion of incomplete por-
tions at either end, the dataset consisted of 3,344 char-
acters (including alignment gaps), of which 2,276 were
constant, while 279 were variable and parsimony unin-
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formative. Maximum parsimony analysis of the remain-
ing 789 parsimony-informative characters resulted in the
100 most-parsimonious trees (TL = 2,274; CI = 0.576; RI
= 0.826; RC = 0.476; HI = 0.424). The maximum likeli-
hood analysis produced a tree with similar topology
(TreeBASE $25531; Figure 2). All of the Seimatospori-
um strains obtained clustered as a single clade with the
type sequences of Sei. vitis-viniferae (CBS 123004) and
Sei. vitis (MFLUCC 14-0051) (Figure 2). For the type
strain of Sei. vitis, only the LSU and ITS sequences were
available in GenBank, which were identical to those of
Sei. vitis-viniferae. However, the isolates analysed here
showed B-tubulin, tef-Ia and rpb2 sequences identical to
those of Sei. vitis-vinifera, and therefore the morphologi-
cal features (conidium dimensions and basal appendag-
es) were used to discriminate between these two species,
according to Liu et al. (2019).

The LSU, ITS, B-tubulin, tef-la and rpb2 sequenc-
es were generated for 11 Trunmcatella isolates selected
from the MSP-PCR profiles, which were aligned with 53
sequences retrieved from GenBank (Table 2). The dataset
consisted of 64 taxa, which included two outgroup taxa,
Beltrania pseudorhombica and Phlogicylindrium eucalyp-
ti. After alignment and exclusion of incomplete portions
at either end, the dataset consisted of 3,983 characters
(including alignment gaps), of which 1,124 were constant
and 511 were variable and parsimony uninformative.
Maximum parsimony analysis of the remaining 2,348
parsimony-informative characters resulted in 35 most-
parsimonious trees (TL = 10,415; CI = 0.522; RI = 0.798;
RC = 0.417; HI = 0.478). Maximum likelihood analysis
produced a tree with similar topology (TreeBASE S25532;
Figure 3). All of the Trumncatella strains obtained in
this study clustered with the ex-neotype sequences of T.
angustata (Stilbospora angustata CBS 114025) (Figure 3).

The ITS, tef-la and p-tubulin sequences generated for
six Cadophora strains selected from the MSP-PCR pro-
files were aligned with 44 sequences retrieved from Gen-
Bank (Table 2). The dataset consisted of 60 taxa, which
included the outgroup taxon, Hyaloscypha finlandica.
After alignment and exclusion of incomplete portions
at either end, the dataset consisted of 1,613 characters
(including alignment gaps), of which 952 were constant,
while 167 were variable and parsimony uninformative.
Maximum parsimony analysis of the remaining 494 par-
simony-informative characters resulted in 100 most-par-
simonious trees (TL = 1,255; CI = 0.735; RI = 0.932; RC
= 0.686; HI = 0.265). Maximum likelihood analysis pro-
duced a tree with similar topology (TreeBASE $25533;
Figure 4). All of the Cadophora isolates obtained in this
study clustered with the type sequences of Cadophora
luteo-olivacea (CBS 141.41) (Figure 4).
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CBS 123004 Seimatosporium vitis-viniferae
Napa774 Seimatosporium vitis
CRCC 247
CRCC 212
CRCC 214
CRCC 251
CBS 116499 Sei. vitis viniferae
CRCC 248
CRCC 229
CRCC 213
Napa772 Sei. vitis
Napa782 Sei. vitis
VMT?2 1 Sei. vitis
Napa764 Sei. vitis

69/66

-/100

100/100

100/100
50/62

69/74 {
100/99

100/100

10

-/100

100/100
100/100

100&[

CBS 138865
CPC 24457
CBS 139823 Sei. rosae

MFLUCC 14-0051 Sei. vitis

Napa759 Sei. vitis

CBS 142599 Sei. luteosporum

CBS 142600 Sei. vitifusiforme

CBS 139968

CBS 789.68
NBRC 104200 Sei. botan

}Sei. physocarpi

}Sei. pistaciae

CBS 437.87 Sei. germanicum
50/50 [ CBS 466.96
CBS 250.49
CBS 182.50 pSporocadus rosigena
CBS 129166
CBS 116498

100/98
100/100

100/100

70/73] CBS 354.90
100/100f CPC 24528
100/100 NBRC 32625

— CBS 506.71 Spo. sp 1
CBS 160.25 Spo. sorbi

Sporocadus lichenicola

67/84

100/100

/100

— CBS 143889 Spo. cornicola

100/96 1 CBS 424.95
CBS 887.68
CBS 110324 Spo. biseptatus
CBS 123003 Spo. incanus
CBS 139966 Spo. cotini
CBS 616.83 Spo. rotundatus
CBS 446.70 Spo. mali

}Spo. microcyclus

10@@8 113832 Spo. rosarum
CBS 114203 Spo. trimorphus

CBS 143899 Spo. multiseptatus
CBS 477.77 Synnemapestaloides juniperi

CBS 124848 Discosia artocreas

Figure 2. One of the most parsimonious trees obtained from the combined alignment of the LSU, ITS, tub, tef-I1a and rpb2 sequence data-
sets of Seimatosporium isolates, with bootstrap support values from maximum parsimony/maximum likelihood analyses. Isolates obtained
in this study are indicated by blue rectangles. Ex-type sequences are given in bold. Synnemapestaloides juniperi and Discosia artocreas were

used as outgroups.
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CPC 17911
CBS 118148
CBS 118145 ( Heterotruncatella spadicea
1007100 CBS 118144
CPC 28956
CBS119210
CBS 118150
CBS 144020 Het. proteicola
84/100 —— CBS 143895 Het. quercicola
1007100 cBS 100230
CBS 137994
CBS 143888 Mor. crini
CBS 117603 Mor. longiappendiculata
ggg 11‘1‘%‘6‘?3 Hymenopleella hippophaeicola
CBS 143887 Hym. polyseptata
100/100; CBS 164.77
CBS 647.74
CBS 143886

Het. restionacearum

Morinia acaciae

}Hym. subcylindrica

00/94

00r CBS 125525
82 CBS 464.61
100/1% CBS 122615
CBS 12270
1004L0G- CBS 143891 }B L.
CBS 144141 T &ar. punt
CBS 399.71 Parabartalinia lateralis
w:CBS 103.76 Pseudosarcostroma osyridicola
MFLUCC 13-0798 Broomella vitalbae
CBS 135.97
CBS 231.77
CBS 165.25
CRCC 243
CRCC 189
CRCC 188
CRCC 240
70/100 CBS 338.32
CBS 398.71
CBS 144025
CBS 449.51
CRCC 241
CRCC 245
CRCC 165
CRCC 147
CRCC 201
100/96 | CRCC 195
CRCC 199
CBS 938.70
CPC 21366
100/- CBS 113.11
CBS 208.80
70/79 CBS 443.54
CPC 21354
CBS 642.97 /
CBS 564.76
100/100 —— CBS 302 86 Diversimedispora humicola

90/100~ CBS 122.75 Robillarda afiicana
100/91%/(}|j00 _[ CBS 143882 Rob. australiana
CBS 587 71 Rob. terrae
CBS 115445 Rob. roystoneae

CBS 140411 Strickeria kochii
CBS 123.58 Beltrania rhombica
CBS 120080 Phlogicylindrium eucalypti

}Bartalinia bella

-/55 5 } Bar. robillardoides

69184/

> Truncatella angustata

Figure 3. One of the most parsimonious trees obtained from combined alignment of the LSU, ITS, tub, tef-1a and rpb2 sequence datasets of
Truncatella isolates, with bootstrap support values from maximum parsimony/maximum likelihood analyses. Isolates obtained in this study
are indicated by pink rectangles. Ex-type sequences are indicated in bold. Beltrania pseudorhombica and Phlogicylindrium eucalypti were

used as outgroups.
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100/100f L {57

100/100 ~ A
— CBS 141 41
100/100

100/100 A4l

74/100 A42
—— CBS 165.42 Cad. malorum

CBS 144752 Cad. helianthi

80/100 BAP37
1007100 BAP33 Cad. interclivum
CBS 143323

55/84
90/100 BAP6

98/100{ BAP13 Cad. meredithiae
100/100 CBS 143322

ATCC 11073 Cad. gregata
UAMHS8152 Cad. orchidicola

Cme 1

CBS 139517 » Cad.viticola

Cme 3

Cadophora luteo-olivacea

100/100

100/100
100{100 CTC1 . .
Cad. orientoamericana
70/61] NHC1

RIC3
RIC1 ..

1ook100 occ Cad. spadicis

100/100
CBS 111743
ONCI1
30/1000 U11 Cad. melinii
90/98 100100 | cBs 268.33

CBS 307 49 Cad. fastigiata
100/1007 NYCl
NYC13
NYC2
NYC14
CBS 444.86 Hyaloscypha finlandica

Cad. novi-eboraci

100/100

Figure 4. One of the most parsimonious trees obtained from combined ITS, tef-Ia and tub sequence datasets of Cadophora isolates, with
bootstrap support values from maximum parsimony/maximum likelihood analyses. Isolates obtained in this study are indicated by an
orange rectangle. Ex-type sequences are indicated in bold. Hyaloscypha finlandica was used as outgroup.
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CPC 20901 C. paranaense
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—— CBS 112996 C. acutatum
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100/99
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CBS 116478 C. australe
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90/87 CBS 133.44 C. godetiae
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1(o/100 E CBS 128532 C. johnstonii

CBS 128531 C. pyricola
CBS 632.80 C. orchidophilum

ICMP 17821 C. gloeosporioides

Figure 5. One of the most parsimonious trees obtained from the combined alignment of the ITS, gapdh, chs-1, act and tub sequence data-
sets of Colletotrichum isolates, with bootstrap support values from maximum parsimony/maximum likelihood analyses. Isolates obtained in
this study are indicated by green rectangles. Ex-type sequences are indicated in bold. Colletotrichum orchidophilum and C. gloeosporioides
were used as outgroups.
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The ITS, B-tubulin, act, gapdh and chs-1 sequences
generated for five Colletotrichum strains selected from
the MSP-PCR profiles were aligned with 44 sequences
retrieved from GenBank (Table 3). The dataset consisted
of 61 taxa, which included the two outgroup taxa, Colle-
totrichum gloeosporioides and C. orchidophilum). After
alignment and exclusion of incomplete portions at either
end, the dataset consisted of 1,879 characters (including
alignment gaps), of which 1,304 were constant, while 339
were variable and parsimony uninformative. Maximum
parsimony analysis of the remaining 236 parsimony-
informative characters resulted in 100 most-parsimoni-
ous trees (TL = 977; CI = 0.736; RI = 0.872; RC = 0.642;
HI = 0.264). Maximum likelihood analysis produced a
tree with similar topology (TreeBASE S25534; Figure 5).
The Colletotrichum isolates obtained in this study clus-
tered in the clade of Colletotrichum fioriniae with the hol-
otype sequences of C. fioriniae (CBS 128517) (Figure 5).

Morphological characterisation of representative isolates

Colonies of the Seimatosporium isolates on MEA had
entire edges, with brown to purplish grey mycelia, and
reached mean diameter of 6.9 cm after 21 d at 23°C. The
conidiomata were black and immersed. Conidia were
fusoid, 3(-6)-septate, with measurements of 13.8-24.0
x 4.1-5.9 um. They had truncated basal cells 2.3-3.8 pm
long, similar to that of median cells. The median cells (2
-4) were each 3.3-5.1 um long, and the conidium apical
cells were 1.3-4.2 pm long. The majority of conidia each
had a single unbranched appendage at both ends (apical
appendage, 3.9-11.5 um long; basal appendage, 3.6-10.3
pm long). On the basis of these culture and morphologi-
cal features, all of the Seimatosporium strains had char-
acteristics similar to those reported by Liu et al. (2019)
for Sei. vitis-viniferae.

Colonies of the Truncatella isolates on MEA had
entire edges, with white to pale grey mycelia, and
reached mean diameter of 7.1 cm after 21 d at 23°C.
Conidiomata were black, gregarious, semi-immersed
and stromatic. Conidia were fusoid, occasionally slight-
ly curved, mostly 3-septate, and not constricted at the
septa (mean, 18.3 + 1.69 x 6.8 £ 0.50 um). The basal
cells of the conidia had truncate bases, were hyaline to
pale brown, 1.3-3.6 pm long, each with two pale to mid-
brown doliiform median cells which were pale to mid-
brown, each 5.3-7.7 um long, and the apical cells were
conic, hyaline, and 1.9-4.9 um long. Each conidium had
2 to 4 apical appendages, which were centric, flexuous
and branched, 0.6-22 um long, and were without basal
appendages. On the basis of these culture and morpho-
logical features, all of the Truncatella isolates studied

Maria Luisa Raimondo et alii

had characteristics similar to those reported by Liu et al.
(2019) for Trumcatella angustata, which confirmed the
data obtained in the molecular analysis.

Colonies of the Cadophora isolates on MEA had
entire edges, and the mycelia were white to olivaceous
green to grey. Mean colony diameter reached 4.5 cm
after 21 d at 23°C. The conidiophores were mostly short,
usually unbranched, up to 7-septate and measuring
(-11.5) 26-63.90 x 1.78-1.94 (-2.5) pm. The conidiog-
enous cells were monophialidic, hyaline, terminal or
lateral, mostly cylindrical, sometimes elongated ampul-
liform and attenuated at the base or navicular and
tapering towards the apex. These cells measured 7.9-27.3
x 1.4-3.1 um. The conidia were hyaline, mostly biguttu-
late, ovoid and aseptate, and measured 3.7-7.3 x 2.1-3.6
pm. On the basis of these culture and morphological
features, all of the Cadophora strains studied had char-
acteristics similar to those reported by Gramaje et al.
(2011) and Travadon et al. (2015) for Cadophora luteo-
olivacea, which confirmed the data obtained in the
molecular analysis.

Colonies of the Colletotrichum isolates on MEA
had entire edges, with aerial cottony pink to vinaceous
mycelia. Mean colony diameter reached 4.5 cm after 21
d at 23°C. The conidiomata were sparse, with masses
of orange conidia. Conidiophores were hyaline to pale
brown, septate, branched, and up to 33 um long. Con-
idiogenous cells were hyaline to pale brown, cylindrical
to elongate ampulliform, monophialic and measured
3.8-11.9 x 2.2-3.9 pm. Conidia were elliptical, hyaline,
with both ends acute, and measured 8.0-15.3 x 3.2-4.6
pm. On the basis of these culture and morphological
features, all of the Colletotrichum isolates studied had
characteristics similar to those reported by Damm et
al. (2012) for C. fioriniae, which confirmed the data
obtained in the molecular analysis.

Pathogenicity tests

According to Shapiro-Wilk tests, the data from the
pathogenicity tests carried out on the grapevine cultivars
“Nero di Troia’ and ‘Bombino bianco’ 240 d after, inocu-
lations followed a normal distribution, with W values,
respectively for the cultivars, of 0.96 (P < 0.01) and 0.97
(P < 0.01). The Levene tests determined for the two cul-
tivars showed that the homogeneity of the variance was
significant for ‘Nero di Troia’ (F = 7.04; P < 0.01) and
‘Bombino bianco’ (F = 4.93; P < 0.01). Factorial ANOVA
demonstrated that significant differences in pathogenici-
ty were detected among the fungal species inoculated on
both ‘Nero di Troia’ (F = 44.5; P < 0.01) and ‘Bombino
bianco’ (F = 83.40; P < 0.01). There were no significant
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Table 4. Mean lesion lengths from the pathogenicity assays carried out for isolates of seven fungal species on two grapevine cultivars (one-

way ANOVA).
Cultivar Fungal species Length of brown wood discolouration (cm) Re-isolation
Mean SD Min-Max* (%)

‘Nero di Troia’ Control 0.63 A 0.24 0.30-1.10 0.00

Colletotrichum fiorinae 8.83B 2.57 5.00-16.00 73.33

Cadophora luteo-olivacaea 1297 C 5.01 11.00-34.00 88.33

Seimatosporium vitis-vinifera 16.98 D 3.13 13.00-24.70 80.00

Truncatella angustata 18.01 D 7.31 3.40-29.50 91.67

Pleurostoma richardsiae 18.53 DE 3.87 6.00-19.90 76.67

Phaeoacremonium italicum 19.25 DE 341 13.60-27.00 93.33

Lasiodiplodia citricola 21.77E 4.59 12.00-27.00 86.67

‘Bombino bianco’ Control 0.62 A 0.29 0.30-1.10 0.00

Colletotrichum fiorinae 843 B 2.34 4.40-12.40 78.33

Cadophora luteo-olivacaea 14.13C 7.08 3.30-38.20 91.67

Truncatella angustata 15.71 CD 3.20 9.50-19.50 80.00

Phaeoacremonium italicum 18.41 DE 4.47 14.00-29.60 86.67

Pleurostoma richardsiae 20.11E 5.47 9.20-30.50 78.33

Seimatosporium vitis-vinifera 23.63 F 3.23 13.00-23.00 91.67

Lasiodiplodia citricola 2920 G 2.00 24.40-32.00 95.00

2 Minimum and maximum values detected (18 observations).

Data within each cultivar followed by different capital letters within the column are significantly different (P < 0.01; Fischer’s tests).

differences in aggressiveness among the isolates of each
fungal species used in the artificial inoculations of ‘Nero
di Troia’ (F = 0.12; P = 0.89) or ‘Bombino bianco’ (F =
0.99; P = 0.37).

The mean lengths of vascular discolouration caused
by the inoculated, fungal species used in the pathogenic-
ity tests, and examined for one-way analysis of variance,
are reported in the Table 4. All of the fungi produced
brown wood discolourations on canes of both grapevine
cultivars. The most aggressive species was Lasiodiplodia
citricola towards ‘Nero di Troia’ and ‘Bombino bianco’,
which produced the longest brown wood discoloura-
tions (respective mean lengths = 21.77 and 29.20 cm).
Phaeoacremonium italicum and Pleurostoma richardsi-
ae were pathogenic for both grapevine cultivars, which
confirmed their aggressiveness reported by Carlucci et
al. (2015a) and Raimondo et al. (2014). These fungi pro-
duced discolourations with mean lengths from 18.41
to 20.11 cm. Among the reference grapevine pathogens
used, Cadophora luteo-olivacea was less pathogenic than
P. italicum and L. citricola, as it produced mean discol-
ouration lengths of 14.13 and 12.97 cm, respectively, on
‘Nero di Troia’ and ‘Bombino bianco’. Seimatosporium
vitis-vinifera and Truncatella angustata produced vari-
able significant discolouration lengths on both grape-
vine cultivars, similar to those produced by Cad. luteo-
olivacea. Sei. vitis-vinifera was less aggressive on ‘Nero di

Troia’ (mean discolouration length = 16.98 cm) than on
‘Bombino bianco’ (mean length = 23.63 cm). Truncatella
angustata produced different and variable discolouration
lengths on ‘Nero di Troia’ and ‘Bombino bianco’ of 18.01
and 15.71 cm, respectively. Colletotrichum fioriniae was
less aggressive, as it produced the least mean discoloura-
tion lengths on ‘Nero di Troia’ and ‘Bombino bianco’,
which were, respectively, 8.83 and 8.43 cm. All of these
fungi were re-isolated from the inoculated grapevines,
which fulfilled Koch postulates (Table 4).

DISCUSSION

The data obtained in the present study show that
vineyards in southern Italy were affected by different
fungal species, some of which are known to be respon-
sible for GTDs, such as Esca and Petri disease, and Bot-
ryosphaeria dieback. During the survey carried out on
symptomatic vineyards over a 10 year period, different
fungal species were among the samples collected, includ-
ing Botryosphaeria spp., Phaeoacremonium spp. Phaeo-
moniella chlamydospora and Pleurostoma richardsiae as
the most frequently isolated, and less frequently isolated
taxa included Seimatosporium, Truncatella, Cadopho-
ra and Colletotrichum. The fungi of the first group are
spread in most world grape-growing regions, and their
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pathogenicities and involvement in diseases associated
with grapevines are known (Raimondo et al., 2014; Car-
lucci et al., 2015a; 2015b).

The molecular analysis used in the present study
allowed identification of the second group of fungi as
Seimatosporium vitis-viniferae, Truncatella angustata,
Cadophora luteo-olivacea and Colletotrichum fiorini-
ae. The morphological characterisation confirmed the
molecular data, and helped in the identification of iso-
lates of Sei. vitis-viniferae, for which molecular identifi-
cation was not discriminatory.

To date, many studies have reported the isolation of
“pestalotioides fungi”, such as Seimatosporium species,
from symptomatic grapevines or from dead stems in
different countries, initially including Australia (Shivas,
1989), England and France (Sutton, 1980), England and
Germany (Nag Raj, 1993) and Pakistan (Ahmad, 1969;
Ahmad et al., 1997). More recent reports also include
Chile, Hungary, Iran, Italy, Spain and the USA (Castillo-
Pando et al., 2001; Sergeeva et al., 2005; Diaz et al., 2012;
Senanayake et al., 2015; Mehrabi et al., 2017; Vaczy, 2017,
Lawrence et al.,, 2018, Camele and Mang, 2019, Liu et
al., 2019). However, little information has been provided
about their involvement in specific grapevine diseases.

Nine Seimatosporium species have been associated
with grapevines, including Sei. botan, Sei. hysterioides,
Sei. lonicerae, Sei. luteosporum, Sei. macrospermum, Sei.
parasiticum, Sei. vitifusiforme, Sei. vitis and Sei. vitis-vin-
iferae (Farr and Rossman, 2018; Liu et al., 2019). How-
ever, only four of these have been assessed in standard
pathogenicity trials on trunks and canes of vineyard
grapevines, to confirm their pathogenicity roles and
involvement in GTDs. Seimatosporium botan was iso-
lated from symptomatic grapevines in Chile and was
reported to be pathogenic on woody canes and trunks
of potted grapevines (Diaz et al., 2012). Seimatosporium
vitis strains were isolated from symptomatic grapevines
in Hungary (Vaczy, 2017), North Carolina, USA (Law-
rence et al., 2018) and Italy (Camele and Mang, 2019),
and were demonstrated to be pathogenic on green shoots
and woody stems of potted grapevines. Seimatosporium
luteosporum and Sei. vitifusiforme were reported as path-
ogens on woody stems of grapevines in North Carolina,
USA (Lawrence et al. 2018).

In the present study, the pathogenicity of Sei. vitis-
viniferae was tested for the first time, which increased
the number of Seimatosporium species that have been
confirmed to be associated with GTDs to five. Based on
molecular and morphological studies on the pestalo-
tioides fungi reported by Liu et al. (2019), the identifi-
cation of Sei. vitis in some studies appears to have been
incorrect. The multilocus analyses performed with LSU,
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ITS, tef-1a, p-tubulin and rpb2 sequences in the present
study demonstrated that the strains of Sei. vitis reported
by Lawrence et al. (2018) and Camele and Mang (2019)
all clustered in the clade of Sei. vitis-viniferae. The mor-
phological description provided by Lawrence et al. (2018)
for Sei. vitis strains, including conidium dimensions and
the presence of appendages at both ends of conidia does
not agree with the description of Sei. vitis by Senanayake
et al. (2015), although it does agree with that of Liu et
al. (2019) for Sei. vitis-viniferae. Although the tef-la and
B-tubulin sequences of Sei. vitis reported by Camele and
Mang (2019) were identical to those of ex-type Sei. vitis-
viniferae described by Liu et al. (2019), no detailed mor-
phological information was reported. Therefore, to the
best of our knowledge, the present study provides the
first report of Sei. vitis-viniferae associated with GTD
symptoms in Italy.

The genus Truncatella is closely related to Seimato-
sporium, which belongs to the pestalotioides fungi,
and it has wide distribution and occurs in many hosts,
including grapevines (Sutton, 1980). Few reports are
available about the association of Trumncatella with
grapevine, and its involvement in GTDs. Nag Raj (1993)
reported T. angustata and T. pitospora (now Pestalotia
pitospora) on grapevine, but did not include any infor-
mation on their pathogenicity. Some years later, Casieri
et al. (2009), in Switzerland, and Gonzalez and Tello
(2011), in Spain, reported T. angustata as endophytes
that were collected from different grapevine cultivars.
Urbez-Torrez et al. (2009) also isolated T. angustata
from cankers on grapevines in Texas, and performed
pathogenicity tests to demonstrate that this fungus can
be a weak and/or opportunistic pathogen on lignified
grapevine canes. The pathogenicity of T. angustata and
its involvement in GTD symptoms were also confirmed
by Arzanlou et al. (2013) in Iran. Maharachchikumbura
et al. (2016) and Pintos et al. (2018) reported T. angus-
tata associated with GTD symptoms on grapevines in
France, but no pathogenicity trials were performed.
Based on a recent taxonomic revision of the genus Trun-
catella by Liu et al. (2019), there is now just one accepted
species, as T. angustata, while other Truncatella species
were transferred to different genera, including Bartalin-
ia, Heterotruncatella and Morinia, due to the polyphyl-
etic nature of this genus or to synonymy with T. angus-
tata. The pathogenicity tests performed in the present
study confirmed the pathogenic behaviour of T. angus-
tata and its involvement in GTDs (Arzanlou et al. 2013).
This is the first report of T. angustata associated with
GTD symptoms on grapevines in Italy.

To date, seven Cadophora species have been reported
from grapevines, including Cad. fastigiata, Cad. luteo-
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olivacea, Cad. melinii, Cad. novi-eboraci, Cad. orien-
toamericana, Cad. spadicis and Cad. viticola (Overton
et al., 2005; Halleen et al. 2007; Crous et al., 2015; Tra-
vadon et al., 2015). Halleen et al. (2007) reported Cad.
luteo-olivacea from grapevines showing decline symp-
toms, and from apparently healthy plants in commercial
nurseries in South Africa. Pathogenicity tests demon-
strated that Cad. luteo-olivacea caused significant lesions
on the trunks and pruned wood of 15-year-old grape-
vines.

Casieri et al. (2009), in Switzerland, and Fischer et
al. (2016), in Germany, reported Cad. fastigiata and
Cad. luteo-olivacea as fungal species that can cause
grapevine diseases. Gramaje et al. (2011) reported Cad.
luteo-olivacea and Cad. melinii from nursery grape-
vines, although pathogenicity tests demonstrated that
only Cad. luteo-olivacea caused grapevine disease on
l1-year-old grapevine cutting rootstock. Travadon et al.
(2015) confirmed the involvement of Cad. luteo-olivacea
in GTDs, and associated four other Cadophora species
with wood decay of grapevines in North America (Cad.
melinii, and three new species, Cad. orientoamericana,
Cad. novi-eboraci and Cad. spadicis). In 2015, Crous et
al. (2015) described a new species of Cad. viticola (previ-
ously identified as Cad. melinii by Gramaje et al., 2011),
which was isolated from grapevine shoots that showed
black streaks. Cad. luteo-olivacea is the most frequently
isolated Cadophora species associated with GTD symp-
toms in different countries, including the USA, France,
Germany, New Zealand, South Africa, Spain, Switzer-
land and Uruguay (Casieri et al., 2009; Manning and
Munday, 2009, Gramaje et al., 2011; Travadon et al.,
2015; Fischer et al., 2016; Pintos et al., 2018). Isolation
of Cad. luteo-olivacea in the present study confirms the
wide distribution of this species, while the pathogenicity
tests performed here confirm the pathogenic behaviour
of Cad. luteo olivacea and its involvement in GTDs. This
is the first report of Cadophora luteo-olivacea associated
with GTD symptoms in Italy.

Colletotrichum fioriniae was also less frequently iso-
lated that other fungi, and this species is in the C. acu-
tatum species complex. The role of Colletrotrichum on
grapevines is not clear; there have been few reports of
species of the C. acutatum complex that have described
their behaviour on grapevines. Colletotrichum fioriniae
(Kepner and Swett 2018) and C. godetiae (Zapparata
et al., 2017) have been associated with grape berry rot,
respectively, in the USA and Italy. Colletotrichum gode-
tiae has also been reported as a leaf anthracnose agent
in the United Kingdom (Baroncelli et al., 2014), and as
a saprophyte in China, Italy, Russia and Thailand (Jaya-
wardena et al., 2018). In 2016, Liu et al. (2016) reported
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the first association of species in the C. acutatum com-
plex with the wood of grapevines when they described
C. nymphaeae from twig anthracnose in China.

To date, there has only been one report of Colletotri-
chum spp. associated with GTDs, from a grapevine nurs-
ery in France (Pintos et al., 2018), although no specific
identification was carried out. In the present study, as
C. fioriniae produced wood discolouration on both of
the grapevine cultivars included, and although this was
less severe (shorter discolouration) than for the other
fungi inoculated. This fungus can now be considered
as a weak pathogen on grapevine wood. This is, there-
fore, the first report of C. fioriniae associated with GTD
symptoms.

The study reported in the present paper has demon-
strated the presence of Cadophora luteo-olivacea, and
Truncatella angustata, as well as their virulence, also on
grapevine in Italy. Seimatosporium vitis-vinifera, isolated
from grapevine for first time in Italy, when artificially
inoculated, was the most aggressive fungus among the
less-common fungi assayed here, indicating its involve-
ment in GTDs. Colletotrichum fioriniae, although less
aggressive among the fungi assayed, was also shown to
be another fungus involved in GTDs. These results add
to knowledge on the expanding group of fungi involved
in the GTD complex.
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