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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 Koch’s 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 

(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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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-1 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; Agustì-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.

Table 1. Information on vineyards surveyed and sampled in the Apulia and Molise regions (southern Italy).

Survey Year Location
Vineyard

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 8.5
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 Troia’ 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.
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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 coefficients 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 β-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-

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 β-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-1α; 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 β-tubulin, tef-1α and rpb2 according to Liu et al. 
(2019).

Three loci including ITS (ca. 550 bp), the partial 
translation elongation factor 1-alpha (tef-1α; ca. 420bp) 
and the partial β-tubulin gene (tub; 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 
β-tubulin gene. The ITS PCR reactions and conditions 
were performed as described above, while those for tef-
1α and β-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); β-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 β-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 1× 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 
II 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, 
β-tubulin, tef-1α 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 RAxML-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-

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-1α, 
β-tubulin genes) and Colletotrichum (ITS, β-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 ×400 or ×1,000 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 ×40 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. 
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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-1, 
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 × 
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, Sp
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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, β-tubulin, tef-1α 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-

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 S25531; 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 β-tubulin, tef-1α 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, β-tubulin, tef-1α and rpb2 sequenc-
es were generated for 11 Truncatella 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 Truncatella strains obtained in 
this study clustered with the ex-neotype sequences of T. 
angustata (Stilbospora angustata CBS 114025) (Figure 3).

The ITS, tef-1α and β-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 S25533; 
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).

Botryosphaeriaceae 29%

Seimatosporium

Truncatella
angustata 8%

Colletotrichum
fioriniae 4%

Other
Fungi 19%

Phaeoacremonium
spp. 19%

Phaeomoniella 
chlamydospora 5%

Pleurostoma richardsiae 
6%

Cadophora
luteo-olivacea 4%

Seimatosporium
vitis-vinifera 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.
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Sei. pistaciae 

Sporocadus rosigena 

Sporocadus lichenicola 
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Figure 2. One of the most parsimonious trees obtained from the combined alignment of the LSU, ITS, tub, tef-1α 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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Figure 3. One of the most parsimonious trees obtained from combined alignment of the LSU, ITS, tub, tef-1α 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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Figure 4. One of the most parsimonious trees obtained from combined ITS, tef-1α 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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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, β-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 
× 4.1-5.9 μm. They had truncated basal cells 2.3-3.8 μm 
long, similar to that of median cells. The median cells (2 
-4) were each 3.3-5.1 μm long, and the conidium apical 
cells were 1.3-4.2 μm long. The majority of conidia each 
had a single unbranched appendage at both ends (apical 
appendage, 3.9-11.5 μm long; basal appendage, 3.6-10.3 
μm 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 × 6.8 ± 0.50 μm). The basal 
cells of the conidia had truncate bases, were hyaline to 
pale brown, 1.3-3.6 μm long, each with two pale to mid-
brown doliiform median cells which were pale to mid-
brown, each 5.3-7.7 μm long, and the apical cells were 
conic, hyaline, and 1.9-4.9 μm long. Each conidium had 
2 to 4 apical appendages, which were centric, flexuous 
and branched, 0.6-22 μm long, and were without basal 
appendages. On the basis of these culture and morpho-
logical features, all of the Truncatella isolates studied 

had characteristics similar to those reported by Liu et al. 
(2019) for Truncatella 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 × 1.78-1.94 (-2.5) μm. 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 
× 1.4-3.1 μm. The conidia were hyaline, mostly biguttu-
late, ovoid and aseptate, and measured 3.7-7.3 × 2.1-3.6 
μm. 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 μm long. Con-
idiogenous cells were hyaline to pale brown, cylindrical 
to elongate ampulliform, monophialic and measured 
3.8-11.9 × 2.2-3.9 μm. Conidia were elliptical, hyaline, 
with both ends acute, and measured 8.0-15.3 × 3.2-4.6 
μm. 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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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 

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–Maxa

‘Nero di Troia’ Control 0.63 A 0.24 0.30–1.10 0.00
Colletotrichum fiorinae 8.83 B 2.57 5.00–16.00 73.33

Cadophora luteo-olivacaea 12.97 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 3.41 13.60–27.00 93.33
Lasiodiplodia citricola 21.77 E 4.59 12.00–27.00 86.67

‘Bombino bianco’ Control 0.62 A 0.29 0.30–1.10 0.00
Colletotrichum fiorinae 8.43 B 2.34 4.40–12.40 78.33

Cadophora luteo-olivacaea 14.13 C 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 20.11 E 5.47 9.20–30.50 78.33

Seimatosporium vitis-vinifera 23.63 F 3.23 13.00–23.00 91.67
Lasiodiplodia citricola 29.20 G 2.00 24.40–32.00 95.00

a 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).
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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; Dìaz et al., 2012; 
Senanayake et al., 2015; Mehrabi et al., 2017; Vàczy, 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 (Dìaz et al., 2012). Seimatosporium 
vitis strains were isolated from symptomatic grapevines 
in Hungary (Vàczy, 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, 

ITS, tef-1α, β-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-1α and 
β-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 Truncatella 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 
1-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 

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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