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Summary. Species of the genus Vaccinium are commercially cultivated in Europe for their berries, which are highly 
valued for dietary and pharmaceutical properties. Cultivation is severely limited due to a range of fungal diseases, 
especially those caused by species of Diaporthe. A number of Diaporthe isolates have been collected from Vaccinium 
growing regions in Europe, and initially identified as D. vaccinii based on host association. Using DNA sequence 
inference of the combined β-tubulin, calmodulin, translation elongation factor 1-alpha and the internal transcribed 
spacer region of the nuclear rDNA, along with morphological characteristics, six species were characterised. Dia-
porthe eres, D. vaccinii and D. viticola are known species and three novel taxa are described here as D. asheicola, D. 
baccae and D. sterilis. This study is the first confirmed report of D. vaccinii in Latvia and the Netherlands.
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Introduction
The genus Vaccinium contains approximately 450 

species of woody, perennial shrubs belonging to the 
family Ericaceae (heath) (Dierking et al., 1993; Nest-
by et al., 2012). Four Vaccinium spp. are regarded as 
economically important and indigenous to Europe, 
namely V. myrtillus (bilberry), V. oxycoccus (cran-
berry), V. uliginosum (bog bilberry) and V. vitis-idaeae 
(lingonberry) (Dierking et al., 1993). Vaccinium macro-
carpon (large cranberry or American cranberry) and 
V. corymbosum (highbush blueberry), which were in-
troduced from North America, are also commercial-

ly cultivated in Europe (Naumann, 1993; Caruso and 
Ramsdell, 1995; Prodorutti et al., 2007; Nestby et al., 
2012). The berries of these plants are greatly prized 
in the food industry based on their high content of 
beneficial nutrients (Nestby et al., 2012), and in the 
pharmaceutical industry for their bioactive phyto-
chemicals such as naturally occurring antioxidants 
(Faria et al., 2005). However, commercial cultivation 
of Vaccinium is severely limited due to a range of fun-
gal pathogens (Caruso and Ramsdell, 1995).

With the abolition of dual nomenclature from 
the International Code of Nomenclature for algae, 
fungi and plants (ICN), asexual and sexual names 
of fungi received equal status (Hawksworth et al., 
2011; Wingfield et al., 2012), with Phomopsis being 
treated as synonym of Diaporthe (Santos et al., 2010; 
2011; Crous et al., 2011; Udayanga et al., 2012; Gomes 
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et al., 2013; Kirk et al., 2013). Species of Diaporthe are 
known to cause several diseases of Vaccinium, in-
cluding twig blight, stem cankers and fruit rot (Ca-
ruso and Ramsdell, 1995; Farr et al., 2002a,b; Miller et 
al., 2006; Polashock, 2006; Latorre et al., 2012; Tadych 
et al., 2012; Elfar et al., 2013). Several Diaporthe and 
two Phomopsis spp. have been reported from Vaccin-
ium spp., including D. ambigua (Elfar et al., 2013), D. 
australafricana (Latorre et al., 2012; Elfar et al., 2013), 
D. neotheicola, D. passiflorae (Elfar et al., 2013), and 
D. vaccinii (Caruso and Ramsdell, 1995; Farr et al., 
2002a,b; Miller et al., 2006; Polashock, 2006; Tadych et 
al., 2012), as well as P. columnaris and P. myrtilli (Farr 
et al., 2002b). One of these species, D. vaccinii, is listed 
as a quarantine pest for the European Union (Euro-
pean Union 2000). Extensive surveys to collect and 
identify fungal pathogens of Vaccinium spp. have 
been conducted recently in Chile (Elfar et al., 2013), 
New Zealand (Miller et al., 2006) and the USA (Ta-
dych et al., 2012). However only a few reports have 
been made of Diaporthe and Phomopsis spp. isolated 
from Vaccinium spp. grown in Europe (Petrak, 1924; 
Wilcox and Falconer, 1961; Baker, 1972; Teodorescu et 
al., 1985; Farr et al., 2002b; Gabler et al., 2004).

Although D. vaccinii is globally regarded as the 
prominent species of Diaporthe on Vaccinium spp. 
(Caruso and Ramsdell, 1995; Farr et al., 2002a), this 
fungal pathogen has only been reported from Ro-
mania (Teodorescu et al., 1985), the United Kingdom 
(Wilcox and Falconer, 1961; Baker, 1972) and Lithu-
ania (Gabler et al., 2004; Kačergius et al., 2004) in Eu-
rope, apparently introduced with American Vaccini-
um cultivars being exploited for commercial cultiva-
tion. This fungus was, however, unable to establish 
and spread from both these regions (Teodorescu et 
al., 1985). Generally, D. vaccinii is regarded as indig-
enous to North America as it has been reported from 
all Vaccinium growing regions in the USA and Can-
ada (Shear et al., 1931; Weingartner and Klos, 1975; 
Chao and Glawe, 1985; Farr et al., 2002a,b; Tadych et 
al., 2012). 

With the increase in commercial cultivation of 
Vaccinium spp. in Europe, a number of Diaporthe 
isolates have been collected from these regions and 
maintained in culture collections (Table 1). The ma-
jority of these isolates are treated as D. vaccinii, based 
only on host association, as they are similar to D. 
phaseolorum, but differ in host specificity (Wehmey-
er, 1933; Chao and Glawe, 1985). The present study 
therefore aimed to place these European Diaporthe 

isolates from Vaccinium plants in the correct taxo-
nomic context based on DNA sequence inference, 
supported by morphological and cultural data.

Materials and methods
Isolates

Strains of D. vaccinii and other Diaporthe spp. 
isolated from Vaccinium spp. were obtained from 
various culture collections, as indicated in Table 1. 
Several strains were also freshly isolated from symp-
tomatic and asymptomatic Vaccinium spp. collected 
in the Netherlands and Italy (Table 1), as explained 
by Elfar et al. (2013). Representative strains were de-
posited in the culture collection of the CBS-KNAW 
Fungal Biodiversity Centre (CBS), in Utrecht, the 
Netherlands, and the working collection of Pedro 
Crous (CPC) maintained at the CBS.

DNA phylogeny

Total genomic DNA was extracted from cultures 
grown on potato dextrose agar (PDA) for 7 d, using 
UltraClean™ Microbial DNA isolation kits (Mo Bio 
Laboratories, Inc.) according to the manufacturer’s 
protocol. Partial gene sequences were determined 
for β-tubulin (BTUB), calmodulin (CAL), transla-
tion elongation factor 1-alpha (TEF), and the inter-
nal transcribed spacer region (ITS) of the nuclear 
rDNA using the primers and protocols described by 
Gomes et al. (2013). Integrity of the sequences was 
checked by sequencing the amplicons in both direc-
tions using the same primer pairs used for amplifica-
tion. Consensus sequences for loci were assembled 
in MEGA v. 5.1 (Tamura et al., 2011), then compared 
and added to representative sequences from Uday-
anga et al. (2012) and Gomes et al. (2013) (Table 1). 
Alignments for each locus was generated in MAFFT 
v. 6 (Katoh and Toh, 2010) and manually corrected 
where necessary.

The 70% reciprocal bootstrap method of Mason-
Gamer and Kellogg (1996) was used to determine 
whether the four loci sequenced were congruent. 
Evolutionary models were estimated in MrModel-
test (Nylander, 2004) using the Akaike Information 
Criterion (AIC) for each locus, and implemented 
in the bootstrap analysis runs in PAUP (Phylogeny 
Analysis Using Parsimony, v. 4.0b10; Swofford, 2003) 
for 10,000 replicates. The inferred tree topologies 
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were visually compared for conflicts between the 
separate loci.

Phylogenetic analyses were based both on Bayes-
ian inference (BI) and Maximum Likelihood (ML). 
For both methods, the best evolutionary models for 
each partition were determined using MrModeltest 
(Nylander, 2004) and incorporated into the analyses. 
For the BI analysis, MrBayes v. 3.1.1 (Ronquist and 
Huelsenbeck, 2003) was used to generate phyloge-
netic trees under optimal criteria per partition. A 
Markov Chain Monte Carlo (MCMC) algorithm of 
four chains was started in parallel from a random 
tree topology with the heating parameter set at 0.3. 
The MCMC analysis lasted until the average stand-
ard deviation of split frequencies came below 0.01 
with trees saved each 1,000 generations. The first 
25% of saved trees were discarded as the “burn-in” 
phase and posterior probabilities (PP) determined 
from the remaining trees.

The ML analysis was carried out for the same 
partitions using RAxML software (Stamatakis et al., 
2005) through the CIPRES Website (http://www.
phylo.org), to obtain a second measure of branch 
support. The robustness of the analysis was evalu-
ated by bootstrap support (BS) with the bootstrap 
replicates automatically determined by the software 
(Stamatakis et al., 2008). Novel sequences generated 
in this study were deposited in GenBank (Table 1), 
and the alignments and phylogenetic tree were de-
posited in TreeBASE (S15189).

Sterile species (see species notes) were character-
ised using unique fixed single nucleotide polymor-
phisms (SNP’s). For each sterile species treated, the 
closest phylogenetic neighbour(s) were selected and 
subjected to SNP analyses using DnaSP v.5.00.07 (Li-
brado and Rozas, 2009).

Taxonomy

Axenic cultures were sub-cultured onto 2% tap 
water agar supplemented with sterile pine needles 
(PNA; Smith et al., 1996), PDA, oatmeal agar (OA) 
and 2% malt extract agar (MEA) (Crous et al., 2009), 
and incubated at 18–20°C under a 12 h near-ultravio-
let light/12 h dark cycle to induce sporulation. Fun-
gal structures were mounted in clear lactic acid, and 
30 measurements were made for all structures in-
cluding the conidia. The 95% confidence levels were 
determined, and extreme dimensions determined 
(recorded here in parentheses). Colony characteris-

tics were noted after 10 d of growth on PDA, OA and 
MEA at 24°C in the dark, and colony colours were 
determined using the colour charts of Rayner (1970). 
Descriptions, nomenclature and illustrations were 
deposited in MycoBank (Crous et al., 2004).

Results
Isolates

A total of 38 isolates representing Diaporthe spp. 
isolated from Vaccinium spp. were obtained from 
various culture collections, of which 28 isolates origi-
nated from Europe (Table 1). Seventeen of these were 
obtained from the symptomatic and asymptomatic 
plant material collected in Italy and the Netherlands 
(Table 1). Typical symptoms observed on infected 
Vaccinium plants included dark red-brown cankers 
on the stems with internal discolouration of the vas-
cular tissues beneath these cankers radiating up and 
down the stems. Red-brown leaf spots were also ob-
served.

DNA phylogeny

The 70% reciprocal bootstrap tree topologies 
showed no conflicts for the BTUB, CAL and TEF 
gene regions. However, the ITS gene region revealed 
a conflicting tree topology to the other three gene 
regions included. This was ignored, based on the 
argument of Cunningham (1997) that combining 
incongruent partitions could increase phylogenetic 
accuracy. Therefore, the four gene regions were com-
bined, as was done by Gomes et al., (2013) for the 
same loci.

The combined alignment of BTUB, CAL, ITS and 
TEF used for both Bayesian and ML analyses con-
tained 1621 characters from 76 isolates (including 
outgroup). Of the ingroup isolates, 37 were selected 
based on comparisons to representative sequences 
from Udayanga et al. (2012) and Gomes et al. (2013), 
and subsequently retrieved from GenBank (Table 1). 
The numbers of unique site patterns per data parti-
tion were 286 from 537 for BTUB, 165 from 334 for 
CAL, 136 from 474 for ITS and 199 from 276 for TEF 
which included alignment gaps. Based on the results 
of MrModeltest all partitions had dirichlet base fre-
quencies and a GTR+I+G model with inverse gam-
ma-distributed rates was used for ITS and HKY+I+G 
with inverse gamma-distributed rates were imple-
mented for BTUB, CAL and TEF. The Bayesian anal-
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Diaporthe species associated with Vaccinium
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ysis lasted 10,000’000 generations, and the consensus 
tree with posterior probability was calculated from 
15,002 trees left after 5,000 trees were discarded as 
the burn-in phase. The tree topology and bootstrap 
values of the ML supported the trees obtained from 
the Bayesian analysis. The tree was rooted to Dia-
porthella corylina (CBS 121124) (Figure 1). 

In the phylogenetic tree the Diaporthe isolates 
from Vaccinium spp. clustered within eight clades, of 
which three clades and two single lineages represent 
possible new phylogenetic species (Figure 1). Two 
of these clades represent isolates originating from 
Italy. The first of these Italian clades (containing CBS 
136969 and CBS 136970), with high BS (100%) and 
PP (1.00) values, is closely related to, but separate 
from, D. amygdali (ex-type CBS 126679). The second 
clade of Italian isolates (containing CBS 136971 and 
CBS 136972) is closely related to isolates represent-
ing D. foeniculacea. A third isolate originating from 
Italy, CBS 101574, formed a sister taxon to the clade 
containing D. lusitanicea (ex-type CBS 123212) and D. 
cuppatea (ex-type CBS 117499). Isolates from Germa-
ny (CPC 23806), Poland (CBS 524.82) and Lithuania 
(CPC 23809 and CBS 134742) grouped within the Dia-
porthe eres (CBS 439.82, CBS 109767; Gomes et al., 2013) 
clade along with several other isolates collected in 
the Netherlands (CPC 23802, CPC 23803, CPC 23804, 
CBS 134736 and CBS 134739). The isolates CPC 23804, 
CPC 23803 and CPC 23802 were initially identified as 
Diaporthe vaccinii (NPPO, 2013), however, the present 
study demonstrates that these isolates belong to the 
D. eres clade. The remaining isolates from Lithuania 
(CPC 23811 and CPC 23812) grouped within the D. 
vaccinii clade along with an isolate from Latvia (CPC 
23813) and one from the Netherlands (CBS 134741). 
The phylogenetic position of one isolate from the 
Netherlands (CBS 134743) remains unresolved. Two 
isolates (CBS 136967 and CBS 136968) originating 
from Chile, grouped together in a well-supported 
clade (BS = 100%; PP = 1.00), closely related to, but 
separate from, D. australafricana (ex-type CBS 111886), 
D. cynaroidis (ex-type CBS 122676) and D. viticola (ex-
type CBS 113201). Three isolates from the Netherlands 
(CPC 23799, CPC 23780 and CPC 23801) grouped 
within the D. viticola (ex-type CBS 113201) clade.

Taxonomy

Based on DNA sequence analysis and morpho-
logical features, three new species of Diaporthe are 

Figure 1. Consensus phylogram of 15,002 trees result-
ing from a Bayesian analysis of the combined four gene 
sequence alignment. European strains of Diaporthe spp. 
from Vaccinium spp. are indicated in the coloured blocks 
with country of origin next to the strain accession num-
ber. Accession numbers in bold represents ex-type strains. 
Bayesian posterior probabilities and Maximum Likelihood 
bootstrap support values are indicated at the nodes and 
the scale bar represents the expected changes per site. The 
tree was rooted to Diaporthella corylina (CBS 121124).
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recognised. Two of these species were sterile in 
culture and are therefore described based on DNA 
sequence, following the approach of Gomes et al. 
(2013). Isolate CBS 134743 is not considered here, 
as its phylogenetic position could not be resolved. 
Isolate CBS 101574 is also excluded as this strain 
is sterile and possibly represents a single lineage. 
More isolates of this strain are needed to confirm 
the positions of unique fixed alleles in the four loci 
studied here.

Diaporthe asheicola L. Lombard & Crous, sp. nov. 
MycoBank MB807598

Etymology. Named after the host species from 
which it was isolated, Vaccinium ashei.

Cultures sterile. Diaporthe asheicola differs from 
its closest phylogenetic neighbours, D. australafri-
cana, D. cynaroidis and D. viticola by unique fixed 
alleles in two loci based on alignments of the sepa-
rate loci deposited in TreeBASE (S15189): BTUB po-
sitions 1 (T) and 12 (A); ITS positions 8 (indel), 25 
(indel), 27 (T), 28 (A), 47 (T), 49 (G), 50 (indel), 51 
(indel), 52 (indel), 56 (C), 57 (C), 60 (T), 61 (C), 62 
(A), 63 (C), 65 (indel), 66 (indel), 67 (C), 68 (T), 69 
(T), 70 (G), 75 (T), 76 (T), 80 (A), 81 (C), 99 (C), 100 
(C), 150 (T), 364 (C), 365 (C), 449 (C), 451 (C), 457 
(C), 459 (G) and 460 (T).

Culture characteristics. Colonies covering the me-
dium within 2 weeks at 24°C, with sparse aerial my-
celium. On PDA, honey (19”) to isabelline (19”i) with 
salmon (9’d) patches; reverse buff (19d) to honey 
(19”). On OA, buff (19d) to smoke-grey (21””d). On 
MEA, white to buff (19d); reverse buff (19d).

Specimens examined: Chile: near Gorbea, on Vac-
cinium ashei, Feb. 2009, A. Schilder, holotype CBS 
H-21513, culture ex-type CBS 136967 = CPC 16508; 
CBS 136968 = CPC 16511.

Notes. Both isolates representing D. asheicola 
could not be induced to sporulate on any of the me-
dia used in this study, nor on sterilised V. myrtillus 
tissue placed on WA.

Diaporthe baccae L. Lombard, G. Polizzi & Crous, 
sp. nov. 
MycoBank MB807599
(Figure 2)

Etymology. Name refers to the berries of the host 
plant, Vaccinium corymbosum, from which this fungus 
was isolated.

Conidiomata pycnidial in culture on PDA, PNA 
and OA, globose to conical, eustromatic, multilocu-
lar, occasionally with ostiolate necks, scattered or ag-

Figure 2. Diaporthe baccae (ex-type CBS 136972). a. Conidiomata sporulating on OA; b. Conidiomata sporulating on PNA; c, 
d. Conidiogenous cells. e, f. beta conidia; g, h. alpha conidia. Scale bars b = 500 µm; c = 10 µm (apply to d–h).
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gregated, up to 650 µm diam, brown to black, surface 
covered with hyphae; cream to pale luteous conidial 
droplets exuding from the central ostioles; walls con-
sisting of light brown, thick walled textura angularis. 
Conidiophores hyaline, smooth, 1–3-septate, branched, 
densely aggregated, cylindrical, straight to sinuous, 
20–57 × 2–3 µm. Conidiogenous cells phialidic, cylin-
drical, terminal and lateral, 9–23 × 1–2 µm, slightly 
tapering towards the apex, with visible periclinal 
thickening; collarette not observed. Paraphyses not 
observed. Alpha conidia aseptate, hyaline smooth, gut-
tulate, fusoid to ellipsoid, straight, tapering towards 
both ends, apex subobtuse, base subtruncate, (6–)7–9 
× 2–3 µm (av. 8 × 2 µm). Gamma conidia not observed. 
Beta conidia spindle-shaped, aseptate, smooth, hya-
line, apex acutely rounded, base truncate, tapering 
from lower third towards apex, curved, (17–)20–24(–
26) × 1–2 µm (av. 22 × 2 µm).

Culture characteristics. Colonies covering the me-
dium within 2 weeks at 24°C, with surface mycelium 
flattened, dense and felty. On PDA, cream (19’f) to 
smoke-grey (21””d); reverse greyish sepia (17”m). 
On OA, white to greyish sepia (17”m).

Specimens examined. Italy: Sicily, Catania Prov-
ince, Valverde, on Vaccinium corymbosum, June 2012, 
G. Polizzi, holotype CBS H-21514, cultures ex-type 
CBS 136972 = CPC 20584; CPC 20583; CPC 20585; 
CPC 20586; CPC 20587.

Notes. Based on the phylogenetic inference in this 
study, D. baccae is closely related to D. chamaeropsis 
and D. foeniculacea. The beta conidia of D. baccae [(17–
)20–24(–26) × 1–2 µm (av. 22 × 2 µm)] are smaller than 
those of D. chamaeropsis [(20–)22–27(–30) × 1.5(–2) 
µm; Gomes et al., 2013] and D. foeniculacea [(26–)28–
32(–34) × 1(–2) µm; Gomes et al., 2013]. Moreover, the 
conidiophores of D. baccae are longer (up to 57 µm) 
than those of D. chamaeropsis (up to 50 µm; Gomes et 
al., 2013) and D. foeniculacea (up to 32 µm; Gomes et 
al., 2013).

Diaporthe sterilis L. Lombard, G. Polizzi & Crous, 
sp. nov. 
MycoBank MB807600

Etymology. Named after its sterile growth in cul-
ture.

Cultures sterile. Diaporthe sterilis differs from 
its closest phylogenetic neighbour, D. amygdali, by 
unique fixed alleles in three loci based on alignments 
of the separate loci deposited in TreeBASE (S15189): 
BTUB positions 12 (A), 254 (G), 272 (G), 273 (A), 283 
(A), 377 (A), 382 (A), 384 (T), 393 (G), 400 (T), 406 (G), 
409 (A), 413 (T), 427 (G), 441 (G), 442 (A), 474 (indel), 
479 (T) and 500 (T); ITS positions 44 (T), 48 (C), 50 (T), 
51 (G), 68 (C), 159 (T), 358 (indel), 370 (indel), 371 (G) 
and 372 (G); TEF positions 16 (G), 178 (C), 179 (A), 
180 (C), 181 (T), 182 (A), 183 (C), 184 (A), 185 (T), 186 
(A), 187 (C), 194 (C), 195 (A), 196 (C), 197 (C), 198 (A), 
199 (C), 236 (C), 238 (C) and 270 (A).

Culture characteristics. Colonies covering the me-
dium within 2 weeks at 24°C, with sparse aerial my-
celium. On PDA, buff (19d), honey (19”) to isabelline 
(19”i); reverse greyish sepia (17”m). On OA, white to 
greyish sepia (17”m). On MEA, white to vinaceous 
buff (17”’d); reverse olivaceous buff (21”’d).

Specimens examined. Italy: Sicily, Catania Prov-
ince, Valverde, on Vaccinium corymbosum, June 2012, 
G. Polizzi, holotype CBS H-21515, cultures ex-type 
CBS 136969 = CPC 20563; CBS 136970 = CPC 20577; 
CPC 20575; CPC 20580; CPC 20582.

Notes. All five isolates representing D. sterilis 
could not be induced to sporulate on any of the me-
dia used in this study, nor on sterilised V. myrtillus 
tissue placed on WA.

Discussion
Three new Diaporthe spp. are here described as D. 

asheicola, D. baccae, and D. sterilis, based on phyloge-
netic inference, morphological and cultural features. 
Diaporthe baccae and D. sterilis originated from Eu-
rope and D. asheicola originated from Chile. Both D. 
asheicola and D. sterilis were found to be sterile, and 
are therefore described based on single nucleotide 
polymorphisms. 

Although several Diaporthe spp. have been re-
corded on Vaccinium spp. in various countries, D. vac-
cinii remains the main concern in Europe. This fun-
gal pathogen is listed in both the EPPO A2 (http://
www.eppo.org) and EU Council Directive 2000/29/
EC (annex IIAI) (http://eur-lex.europa.eu) as an 
organism recommended for regulation as a quaran-
tine pest, therefore restricting movement of infected 
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plants and plant products into and within Europe. 
To date, D. vaccinii has only been reported sporadi-
cally in Europe, occurring in Lithuania (Gabler et al., 
2004; Kačergius et al., 2004), Romania (Teodorescu 
et al., 1985), and the United Kingdom (Wilcox and 
Falconer, 1961; Baker, 1972). In the present study, 
isolates originating from Latvia, Lithuania and the 
Netherlands were identified as D. vaccinii. The study 
therefore confirms an earlier report of the presence 
of D. vaccinii in the Netherlands (NPPO, 2009), and 
represents the first report of this pathogen in Latvia.

Several isolates from the Netherlands, Germany, 
Lithuania and Poland were identified as D.eres. Al-
though Diaporthe eres, the type species of the genus 
Diaporthe, has been reported on a large number of 
plant hosts (Wehmeyer, 1933; Gomes et al., 2013), no 
record could be found on Vaccinium spp. The present 
record therefore also represents the first report of D. 
eres on V. corymbosum, V. myrtillus and V. vitis-idea 
(Table 1). The phylogenetic position of a single iso-
late from the Netherlands (CBS 134743) could not be 
resolved. The closest phylogenetic neighbours to D. 
eres belong to the D. nobilis complex (Gomes et al., 
2013), which is poorly resolved at present, awaiting 
examination of further collections.

A disease survey of V. corymbosum in Sicily, Italy 
in 2012, yielded several Diaporthe isolates, result-
ing in the identification of two new Diaporthe spp., 
D. baccae and D. sterilis in the present study. Infect-
ed plants displayed characteristic cankers at their 
bases, with brown lesions developing on the green 
stems and twigs, which resulted in twig blight. Plant 
mortality was observed when these cankers were 
present in the crowns of these plants. Preliminary 
pathogenicity tests on four V. corymbosum cultivars 
(Darrow, Berkeley, Legacy, Elliot) induced identical 
symptoms to those observed in the field. Host speci-
ficity of both these new Diaporthe spp., needs to be 
further investigated.

Three isolates from the Netherlands were identi-
fied as D. viticola. Diaporthe viticola is a well-known 
fungal pathogen in Europe (Phillips, 1999; Schepers et 
al., 2000; Mostert et al., 2001; van Niekerk et al., 2005), 
associated with cane spot of grapevines. This fungus 
has also been found on several other woody hosts in 
the Netherlands (Gomes et al., 2013). However, this 
is the first report of D. viticola on V. corymbosum and 
V. myrtillus in Europe. The description of D. asheicola 
from Chile was serendipitous, as these isolates were 
originally thought to represent D. australafricana. Al-

though both isolates representing D. asheicola were 
sterile, either due to age, repeated subculturing or 
as an intrinsic feature of this species, they could be 
distinguished from D. australafricana and D. viticola 
based on single nucleotide polymorphisms following 
the approach of Gomes et al. (2013). As with D. baccae 
and D. sterilis, the pathogenicity and host specificity 
of D. asheicola needs to be further investigated.

This study has resulted in the identification of 
several Diaporthe spp. associated with Vaccinium spp. 
in Europe. Both D. eres and D. viticola are known to 
be host non-specific in Europe (Gomes et al., 2013), 
and therefore it is not surprising that they are also 
newly reported from various Vaccinium spp. Dia-
porthe vaccinii is known to be host-specific (Chao and 
Glawe, 1985) and is possibly indigenous to North 
America (Shear et al., 1931; Weingartner and Klos, 
1975; Chao and Glawe, 1985; Farr et al., 2002a,b; Ta-
dych et al., 2012), but is now shown to be present 
in Europe on V. corymbosum, V. macrocarpon and V. 
oxycoccus. However, large scale surveys on Vaccinium 
spp. grown commercially and in public areas need 
to be conducted to determine the distribution of D. 
vaccinii and other Diaporthe spp. in Europe. This in-
formation would contribute to understanding of the 
distribution of these fungi, and the extent to which 
quarantine measures need to be applied for these 
pathogens occurring on Vaccinium plants and plant 
products moved into and within Europe.

Acknowledgements
This study was financially supported by the NWO 

Joint Scientific Thematic Research Programme – Joint 
Research Projects 2012 ALW file number 833.13.005 
titled “Building the fungal quarantine & quality bar-
code of life database to ensure plant health” and the 
Dutch Ministry of Economic Affairs. The authors 
thank the technical staff, A. van Iperen and Y. Vlug 
for their invaluable assistance with cultures.

Literature cited
Baker J.J. 1972. Report on diseases of cultivated plants in Eng-

land and Wales for the years 1957–1968. Ministry of Agri-
culture, Fisheries and Food Technical Bulletin 25, 148.

Caruso F.L. and D.C. Ramsdell (ed.), 1995. Compendium of 
Blueberry and Cranberry Diseases. APS Press, The American 
Phytopathological Society, St. Paul, U.S.A. 

Chao C.P. and D.A. Glawe, 1985. Studies on the taxonomy of 
Diaporthe vaccinii. Mycotaxon 23, 371–381.



Phytopathologia Mediterranea298

L. Lombard et al.

Crous P.W., W. Gams, J.A. Stalpers, V. Robert and G. Stege-
huis, 2004. MycoBank: an online initiative to launch my-
cology into the 21st century. Studies in Mycology 50, 19–22.

Crous P.W., G.J.M Verkleij, J.Z. Groenewald and R.A. Samson 
(ed.), 2009. Fungal Biodiversity. CBS Laboratory Manual Se-
ries 1. Centraalbureau voor Schimmelcultures, Utrecht, 
Netherlands.

Cunningham C.W., 1997. Can three incongruence tests predict 
when data should be combined? Molecular Biology and Evo-
lution 14, 733–740.

Dierking W., S. Dierking and W. Dierking, 1993. European 
Vaccinium species. Acta Horticulturae 346, 299–304.

Elfar K., R. Torres, G.A. Díaz and B.A. Latorre, 2013. Char-
acterization of Diaporthe australafricana and Diaporthe spp. 
associated with stem canker of blueberry in Chile. Plant 
Disease http://dx.doi.org/10.1094/PDIS-11-12-1030-RE

European Union 2000. Council Directive 2000/29/EC, 8 May 
2000, Brussels. http://eur-lex.europa.eu.

Faria A., J. Oliveira, P. Neves, P. Gameiro, C. Santos-Buelga, V. 
de Freitas and N. Mateus, 2005. Antioxidant properties of 
prepared blueberry (Vaccinium myrtillus) extracts. Journal 
of Agricultural and Food Chemistry 53, 6896–6902.

Farr D.F., L.A. Castlebury and A.Y. Rossman, 2002a. Morpho-
logical and molecular characterization of Phomopsis vac-
cinii and additional isolates of Phomopsis from blueberry 
and cranberry in the Eastern United States. Mycologia 94, 
494–504.

Farr D.F., L.A. Castlebury, A.Y. Rossman and M.L. Putman, 
2002b. A new species of Phomopsis causing twig dieback 
of Vaccinium vitis-idaea (lingonberry). Mycological Research 
106, 745–752. 

Gabler J., A. Kačergius and Z. Jovaišienė, 2004. Detection of 
Phomopsis vaccinii on blueberry and cranberry in Europe 
by Direct Tissue Blot Immunoassay and Plate-Trapped 
Antigen ELISA. Journal of Phytopathology 152, 630–632.

Gomes R.R., C. Glienke, S.I.R. Videira, L. Lombard, J.Z. Groe-
newald and P.W. Crous, 2013. Diaporthe: a genus of endo-
phytic, saprobic and plant pathogenic fungi. Persoonia 31, 
1–41.

Hawksworth D.L., P.W. Crous, S.A. Redhead, D.R. Reynolds, 
R.A. Samson, K.A. Seifert, J.W. Taylor, M.J. Wingfield, Ö. 
Abaci, C. Aime, J.C. Frisvad, 2011. The Amsterdam Decla-
ration on Fungal Nomenclature. IMA Fungus 2, 105–112.

Kačergius A., Z. Jovaišienė and A. Valuškaitė, 2004. Phomop-
sis vaccinii on Vaccinium corymbosum in Lithuania. Botanica 
Lithuanica 10, 75–80.

Katoh K. and H. Toh, 2010. Parallelization of the MAFFT 
multiple sequence alignment program. Bioinformatics 26, 
1889–1900.

Kirk P.M., J.A. Stalpers, U. Braun, P.W. Crous, K. Hansen, D.L. 
Hawksworth, K.D. Hyde, R. Lücking, T.H. Lumbsch, A.Y. 
Rossman, K.A. Seifert and M. Stadler, 2013. A without-
prejudice list of generic names of fungi for protection 
under the International Code of Nomenclature for algae, 
fungi, and plants. IMA Fungus 4, 381–443.

Latorre B.A., K. Elfar, J.G. Espinoza, R. Torres and G.A. Díaz, 
2012. First report of Diaporthe australafricana associated 
with stem canker on blueberry in Chile. Plant Disease 96, 
768.

Librado P. and J. Rozas, 2009. DnaSP v. 5: a software for com-
prehensive analysis of DNA polymorphism data. Bioinfor-
matics 25, 1451–1452.

Mason-Gamer R. and E. Kellogg, 1996. Testing for phylogenet-
ic conflict among molecular datasets in the tribe Triticeae 
(Graminae). Systematic Biology 45, 524–545.

Miller S.A., N. Patel and C.J. Stanley, 2006. Cranberry pests 
and diseases in New Zealand. Acta Horticulturae 715, 509–
512.

Mostert L., P.W. Crous, J.-C. Kang and A.J.L. Philips, 2001. Spe-
cies of Phomopsis and a Libertella sp. occurring on grape-
vines with specific reference to South Africa: Morphologi-
cal, cultural, molecular and pathological characterization. 
Mycologia 93, 146–167.

National Plant Protection Organization (NPPO), 2009. Dia-
porthe vaccinii – Blueberry twig blight – on one blueberry 
plant at one fruit production facility in The Netherlands. 
April 2009 PEST Report – The Netherlands.

National Plant Protection Organization (NPPO), 2013. Fol-
low-up: Diaporthe vaccinii – Blueberry twig blight – on 
one blueberry plant at one fruit production facility in The 
Netherlands. April 2013 PEST Report – The Netherlands.

Naumann W.D., 1993. Overview of the Vaccinium industry in 
Western Europe. Acta Horticulturae 346, 53–58.

Nestby R., D. Percival, I. Martinussen, N. Opstad and J. 
Rohloff, 2012. The European blueberry (Vaccinium myr-
tillus L.) and the potential for cultivation. A review. The 
European Journal of Plant Science and Biotechnology 5, 5–16.

Niekerk J.M. van, J.Z. Groenewald, D.F. Farr, P.H. Fourie, F. 
Halleen and P.W. Crous, 2005. Reassessment of Phomop-
sis species on grapevines. Australasian Plant Pathology 34, 
27–39.

Nylander J.A.A., 2004. MrModeltest v. 2. Programme distrib-
uted by the author. Evolutionary Biology Centre, Uppsala 
University.

Petrak F., 1924. Mycologische Notizen. VII. Annales Mycologici 
22, 1–182.

Philips A.J.L., 1999. The relationship between Diaporthe per-
juncta and Phomopsis viticola on grapevines. Mycologia 91, 
1001–1007.

Prodorutti D., I. Pertot, L. Giongo and C. Gessler, 2007. High-
bush Blueberry: Cultivation, protection, breeding and bio-
technology. The European Journal of Plant Science and Bio-
technology 1, 44–56.

Polashock J.J., 2006. Screening for resistance to Botryosphaeria 
stem blight and Phomopsis twig blight in blueberry. Acta 
Horticulturae 715, 493–495.

Rayner R.W.(ed.), 1970. A mycological colour chart. Common-
wealth Mycological Institute, Kew, Surrey. British Myco-
logical Society.

Ronquist F. and J.P. Huelsenbeck, 2003. MrBayes 3: Bayesian 
phylogenetic inference under mixed models. Bioinformat-
ics 19, 1572–1574.

Schepers R.W.A., D.C. Crane, D.L. Whisson and E.S. Scott, 
2000. The Diaporthe teleomorph of Phomopsis Taxon 1 on 
grapevine. Mycological Research 104, 226–231.

Shear C.L., N.E. Stevens and H.F. Bain, 1931. Fungus diseases 
of the cultivated cranberry. Technical Bulletin, United States 
Department of Agriculture 258, 7–8.



299Vol. 53, No. 2, August, 2014

Diaporthe species associated with Vaccinium

Smith H., M.J. Wingfield, P.W. Crous and T.A. Coutinho, 1996. 
Sphaeropsis sapinea and Botryosphaeria dothidea endophytic 
in Pinus spp. and Eucalyptus spp. in South Africa. South 
African Journal of Botany 62, 86–88.

Stamatakis A., P. Hoover and J. Rougemont, 2008.A rapid 
bootstrap algorithm for the RAxML web-servers. System-
atic Biology 75, 758–771.

Stamatakis A., T. Ludwig and H. Meier, 2005. RaxML-III: a fast 
program for maximum likelihood-based inference of large 
phylogenetic trees. Bioinformatics 21, 456–463.

Swofford D.L., 2003. PAUP*. Phylogenetic analysis using parsi-
mony (*and other methods), v. 4.0b10. Computer programme.  
Sinauer Associates, Sunderland, Massachusetts, USA..

Tadych M., M.S. Bergen, J. Johnson-Cicalese, J.J. Polashock, 
N. Vorsa and J.F. White Jr., 2012. Endophytic and patho-
genic fungi of developing cranberry ovaries from flowers 
to mature fruit: diversity and succession. Fungal Diversity 
54, 101–116. 

Tamura K., D. Peterson, N. Peterson, G. Stecher, M. Nei and 
S. Kumar, 2011. MEGA5: Molecular evolutionary genetics 
analysis using Maximum Likelihood, Evolutionary Dis-
tance, and Maximum Parsimony methods. Molecular Biol-

ogy and Evolution 28, 2731–2739.
Teodorescu G., V. Copaescu and S. Florea, 1985. The behaviour 

of some blueberry cultivars to the main mycoses in Roma-
nia. Acta Horticulturae 165, 159–165.

Udayanga D., X.Z. Liu, P.W. Crous, E.H.C. Mckenzie, E. 
Chukeatirote and K.D. Hyde, 2012. A multilocus phyloge-
netic evaluation of Diaporthe (Phomopsis). Fungal Diversity 
56, 157–171.

Wehmeyer L.E., 1933. The genus Diaporthe Nitschke and its 
segregates. University of Michigan Studies Scientific Series 9, 
1–349.

Weingartner D.P. and E.J. Klos, 1975. Etiology and symptoma-
tology of canker and dieback diseases on highbush blue-
berries caused by Godronia (Fusicoccum) cassandrae and 
Diaporthe (Phomopsis) vaccinii. Phytopathology 65, 105–110.

Wilcox H.J. and M.A. Falconer, 1961. New or uncommon plant 
pests. Plant Pathology 10, 123–124.

Wingfield M.J., Z.W. de Beer, B. Slippers, B.D. Wingfield, J.Z. 
Groenewald, L. Lombard and P.W. Crous, 2012. One fun-
gus one name promotes progressive plant pathology. Mo-
lecular Plant Pathology 13, 604–613.

Accepted for publication: February 19, 2014


	Managing Phytophthora crown and root rot on tomato by pre-plant treatments with biocontrol agents, resistance inducers, organic and mineral fertilizers under nursery conditions
	Giovanna GILARDI1, Stefano DEMARCHI1, Maria Lodovica GULLINO1,2 and Angelo GARIBALDI1
	Control of Phytophthora capsici and Phytophthora parasitica on pepper (Capsicum annuum, L) with compost teas from different sources, and their effects on plant growth promotion
	Francisco MARÍN1, Fernando DIÁNEZ1, Mila SANTOS1, Francisco CARRETERO1, Francisco J. GEA2, Carlos CASTAÑEDA1, María Jesús NAVARRO2 and José A. YAU3
	Biopesticide activity of sugarcane associated rhizobacteria: Ochrobactrum intermedium strain NH-5 and Stenotrophomonas maltophilia strain NH-300 against red rot under field conditions
	Muhammad Nadeem HASSAN1, Shahid AFGHAN2, Zahoor ul HASSAN3 and Fauzia Yusuf HAFEEZ1
	Multiplex PCR for specific identification and determination of mating type in Togninia minima (anamorph Phaeoacremonium aleophilum), a causal agent of esca disease of grapevine 
	Mahdi ARZANLOU and Abolfazl NARMANI 
	Genetic diversity in Macrophomina phaseolina, the causal agent of charcoal rot
	Mame P. Sarr1, M’Baye Ndiaye2, Johannes Z. Groenewald3 and Pedro W. Crous3,4,5
	The status of Cucumber vein yellowing virus in Iran
	Kaveh BANANEJ1, Nasibeh KIANFAR1,2, Stephan WINTER3 and Wulf MENZEL3
	Metabolic patterns of bacterial communities in aerobic compost teas associated with potential biocontrol of soilborne plant diseases 
	Catello PANE1, Giuseppe CELANO2 and Massimo ZACCARDELLI1
	Diaporthe species associated with Vaccinium, with specific reference to Europe
	Lorenzo Lombard1, Gerard C.M. van Leeuwen2, Vladimiro Guarnaccia3, Giancarlo Polizzi3, Patricia C.J. van Rijswick2, Karin C.H.M. ROSENDAHL2, Jutta GABLER4 and Pedro W. CROUS1,5,6
	Assessment of genotypic diversity among Fusarium culmorum populations on wheat in Iran
	Behnam POUZESHIMIAB1, Mohammad RAZAVI2, Hamid Reza ZAMANIZADEH1, Rasoul ZARE2 and Saeed REZAEE1
	Aspergillus spp. and their secondary metabolite production in grape berries from Slovakia
	Petra MIKUŠOVÁ1, Michael SULYOK2, Antonello SANTINI3 and Antónia ŠROBÁROVÁ1
	Isolation and pathogenicity of Xylella fastidiosa from grapevine and almond in Iran
	Naser AMANIFAR1,2, Mohsen TAGHAVI1, Karamat IZADPANAH1 and Ghobad BABAEI2
	Identification of three potential insect vectors of Xylella fastidiosa in southern Italy
	Toufic ELBEAINO1, Thaer YASEEN1, Franco VALENTINI1, Issam Eddine BEN MOUSSA1, Valerio MAZZONI2 and Anna Maria D’ONGHIA1
	Pollen as a possible pathway for the dissemination of Pseudomonas syringae pv. actinidiae and bacterial canker of kiwifruit
	Rodanthi TONTOU, Davide GIOVANARDI and Emilio STEFANI
	Abstracts of invited lectures, oral and poster presentations given at the 15th Hellenic Phytopathological Congress, Corfu, Greece, 5–8 October 2010

