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Summary. During a study of Botryosphaeriaceae species associated with grapevine trunk diseases in North Al-
geria, a collection of 67 Neofusicoccum-like strains were isolated from three cultivars (Cinsaut, Alphonse Lavallée 
and Cardinal) from two different locations. Based on morphology and DNA sequence data (ITS and TEF-1α), four 
species were identified. Of these, Neofusicoccum parvum, N. mediterraneum and N. australe are known, while N. 
algeriense is described here as new. These species are reported for the first time from Algeria. In this study, relation-
ships between vascular lesions and Neofusicoccum species isolated were highlighted. The Neofusicoccum spp. were 
most often isolated from wedge-shaped and yellow soft wood rots and more rarely from central brown necrosis 
and black streaking. Neofusicoccum parvum was the most frequently isolated (48 isolates) followed by N. algeriense 
(four), while N. mediterraneum and N. australe were each found only once.

Key words: Botryosphaeriaceae, Neofusicoccum, phylogeny, taxonomy, Vitis vinifera.

Introduction
Viticulture in North Africa has a long history that 

began in antiquity, as in many other Mediterranean 
countries. Most of the vineyards were created by Eu-
ropean colonizers for their need for wines, but the in-
dependence of Islamic countries has caused massive 
uprooting, which led to an end of the golden age of 
wine (Hildebert, 1949; Levadoux et al., 1971). Dur-
ing the last 20 years, the reconstitution of vineyards 
has been an essential element of the new Algerian 
agriculture policy. The National Fund for Regula-
tion and Development of Agriculture (FNRDA) has 
emerged, strongly promoting viticulture. The trend 
is to increase and enhance production by financing 
plans for new vineyards and by improving grape-
vine productivity and quality. This important project 

is currently constrained by biotic and abiotic stresses 
that affect the vines. A major concern for growers is 
dieback that is frequently observed, and represents a 
real threat for the productivity and longevity of their 
vineyards. The intensity of this dieback has increased 
significantly, leading in some cases to the elimination 
of entire vineyards (Berraf and Péros, 2005). Recent 
research has indicated the involvement of grapevine 
trunk diseases (GTDs) that appear to be the main 
causes of dieback and mortality observed during the 
last decade (Berraf and Péros, 2005; Berraf-Tebbal et 
al., 2011).

Several Botryosphaeriaceae species are known 
to occur worldwide, causing dieback and canker of 
annual and perennial hosts, including grapevines. 
They include a range of diverse fungi that are ei-
ther pathogens, endophytes or saprobes, mainly 
on woody hosts (Phillips et al., 2013). Based on ex-
tensive phylogenetic studies, 18 genera are known 
in culture in the Botryosphaeriaceae (Phillips et al., 
2013), with at least 21 species recognized to be sig-
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nificant grapevine trunk disease pathogens, includ-
ing species of Neofusicoccum (Úrbez-Torres, 2011). 
Neofusicoccum was introduced by Crous et al. (2006) 
to accommodate species with Fusicoccum-like ana-
morphs and Dichomera-like synamorphs. Currently, 
20 species are recognized in Neofusicoccum, and they 
have been separated on the basis of their morpho-
logical characters and DNA-based techniques (Ab-
dollahzadeh et al., 2013; Crous et al., 2013; Phillips 
et al., 2013).

Despite the importance attributed to the species of 
this family, there have been no studies on the Botryo- 
sphaeriaceae in Algeria. The aims of the present 
study were to identify the Neofusicoccum-like iso-
lates collected from vines with dieback symptoms in 
Northern Algeria. Species were identified based on 
their morphology and comparison of DNA sequence 
data for ITS rDNA and translation elongation factor 
1-α. In addition, the localization of each species in 
the different types of wood lesions was studied.

Materials and methods
Fungal isolation

Grapevine branches and trunks displaying 
symptoms of dieback were collected from vine-
yards of Cinsaut (wine grapes), Alphonse-Lavallée 
and Cardinal (table grapes) cultivars. Cross sec-
tions were made at intervals of 10–20 cm along the 
trunks and arms of each vine to reveal the type and 
localization of internal necrosis. Isolations were 
made from each type of necrotic tissues. From each 
lesion, ten pieces of wood (10 × 5 × 5 mm) were cut 
from the margin of the soft white rot, the sectorial 
necrotic zone and the central brown zone as well 
as black spots, as described by Larignon and Du-
bos (1997) and Berraf and Péros (2005). The piec-
es of wood were surface-disinfested with calcium 
hypochlorite (3% available chlorine) for 10 min, 
rinsed twice in sterile water and then placed on po-
tato dextrose agar (PDA, Difco Laboratories). Plates 
were incubated at room temperature and observed 
every 2–3 d. Colonies emerging from wood pieces 
that were recognized by their fast growth with grey 
mycelium as Botryosphaeriaceae species (Phillips 
et al., 2008; Abdollahzadeh et al., 2013) were sub-
cultured to fresh PDA plates and incubated at 25°C. 
Preliminary identifications to genus and tentative 
species level were based on the keys provided in 
Phillips et al. (2013). 

Morphological characterization

Cultures were transferred to 2% water agar 
(WA) with double-autoclaved pine needles or pop-
lar twigs on the agar surface to enhance sporula-
tion. Plates were incubated at 25°C under mixed 
near-UV and cool-white fluorescent light in a 12 h 
light 12 h dark regime for 2–6 weeks. A single pyc-
nidium from each culture was dissected and the 
conidiogenous layer and conidia were mounted in 
100% lactic acid. Digital images were recorded with 
a Leica DFC 320 camera on a Leica DMR HC light 
microscope, and measurements were made with 
the Leica IM500 measurement module. The mean, 
standard deviation and 95% confidence intervals 
were calculated from measurements of 50 conidia 
from each isolate. Dimensions are presented as the 
range of measurements with extremes in brack-
ets followed by 95% confidence limits and mean ± 
standard deviation. Dimensions of other structures 
are presented as the range of at least 20 measure-
ments. Cultural characteristics, growth rates and 
cardinal temperatures for growth were determined 
on 2% malt extract agar (MEA, Difco Laboratories) 
plates incubated at different temperatures (5–35°C 
at 5°C intervals) in the dark. Colony colours were 
determined with the reference to the colour chart 
of Rayner (1970) for isolates incubated on PDA at 
25°C in the dark.

DNA isolation, PCR amplification and sequencing

Genomic DNA of all isolates identified morpho-
logically as Botryosphaeriaceae was extracted from 
fresh mycelium grown on PDA plates in darkness 
at 25°C for 4–7 days, according to Abdollahzadeh et 
al. (2009). PCR reactions were carried out with Taq 
DNA polymerase, nucleotides and buffers supplied 
by MBI Fermentas, and PCR reaction mixtures were 
prepared according to Alves et al. (2004), with the 
addition of 5% DMSO to improve the amplification 
of some difficult DNA templates. All primers used 
were synthesised by STAB Vida Lda. The ITS region 
plus the D1/D2 domain of the LSU was amplified 
with the primer pair ITS1 (White et al., 1990) /NL4 
(O’Donnell, 1993). The translation elongation factor 
1-α (EF-1α) was amplified with primers EF1-688F/
EF1-1251R (Alves et al., 2008).

Nucleotide sequences of the ITS and EF-1α re-
gions were determined using the primers ITS1/ITS4 
(White et al., 1990) and EF1-688F/EF1-1251R (Alves 
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et al., 2008). Both strands of the PCR products were 
sequenced by STAB Vida Lda. Newly generated 
sequences were deposited in GenBank (Table 1). 
Sequences for both DNA regions were retrieved in 
BLAST searches (Basic Local Alignment Search Tool) 
(Altschul et al., 1990) from GenBank (Table 1). The se-
quences of Botryosphaeria dothidea (CBS 110302) and 
B. corticis (CBS 119047) were used as outgroups. Se-
quences were edited with BioEdit Alignment Editor 
V.7.0.9.0 (Hall, 1999) and aligned with Clustal X ver-
sion 1.83 (Thompson et al., 1997). Alignments were 
checked and manual adjustments were made when 
necessary.

Phylogenetic analyses were carried out using 
PAUP v4.0b10 (Swofford, 2003) for maximum-par-
simony (MP) and Neighbour-joining (NJ) analyses 
and Mr Bayes 3.0b4 (Ronquist and Huelsenbeck, 
2003) for the Bayesian analysis. Maximum parsimo-
ny analysis was performed with the heuristic search 
option with 1000 random taxon additions and tree 
bisection and reconnection (TBR) as the branch-
swapping algorithm. All characters were unor-
dered and of equal weight and gaps were treated 
as fifth character. Branches of zero length were col-
lapsed and all multiple, equally parsimonious trees 
were saved. The robustness of the most parsimoni-
ous trees was evaluated by 1000 bootstrap replica-
tions (Hillis and Bull 1993). Other measures were 
consistency index (CI), retention index (RI) and 
homoplasy index (HI). Bayesian analyses employ-
ing a Markov chain Monte Carlo (MCMC) method 
were performed. The general time-reversible model 
of evolution (Rodriguez et al., 1990), including esti-
mation of invariable sites and assuming a discrete 
gamma distribution with six rate categories (GTR 
+ Γ + C), was used. Four MCMC chains were run 
simultaneously, starting from random trees, for 106 
generations. Trees were sampled every 100th gen-
eration for a total of 104 trees. The first 103 trees 
were discarded as the burn-in phase of each analy-
sis. Posterior probabilities (Rannala and Yang, 1996) 
were determined from a majority rule consensus 
tree generated from the remaining 9000 trees. The 
analysis was repeated three times starting from dif-
ferent random trees to ensure trees from the same 
tree space were being sampled during each analy-
sis. The trees were visualized with TreeView (Page, 
1996). New sequences were deposited in GenBank 
(Table 1) and the alignment and trees in TreeBASE 
(S15530).

Results
Morphology

Colonies grew rapidly covering the agar surface 
in 9 cm diam. Petri dishes within 7 d. Mycelium was 
initially white, turning grey and fluffy. All isolates 
studied produced pycnidia either on pine needles 
or poplar twigs on WA within 2–4 weeks. No teleo-
morph structures were observed for these isolates. 
Hyaline, aseptate, thin-walled conidia were pro-
duced in single or grouped, black, globose pycnid-
ia. Isolates were grouped according to their colony 
characteristics and micromorphology, and represen-
tative isolates chosen from each group were selected 
for DNA sequencing.

DNA sequencing and phylogenetic analyses

A total of 67 isolates of Neofusicoccum species 
were obtained from branches and trunks of dis-
eased vines. To confirm the identity of the isolates, 
ITS and EF-1α were sequenced for 17 representative 
isolates selected based on their colony characteristics 
and micromorphology. The two datasets were com-
bined and aligned in a single matrix with sequences 
of 44 isolates retrieved from GenBank, represent-
ing a selection of all known Neofusicoccum species. 
The combined alignment consisted of 672 charac-
ters (including alignment gaps). Of these, 152 were 
parsimony-informative, 24 were variable and parsi-
mony-uninformative and 496 were constant. After 
a heuristic search, 209 parsimonious trees with the 
same overall topology were retained (Length = 290; 
CI = 0.772; RI = 0.930, HI = 0.228). One of the trees 
is shown in Figure 1. The phylogenetic analyses of 
Maximum-parsimony (MP), Neighbour joining (NJ) 
and Bayesian methods (BM) produced trees with es-
sentially identical topologies (NJ and BM trees not 
presented). In these trees, the 17 strains isolated from 
Algerian grapevines grouped in four subclades. The 
first clade included 11 isolates, which clustered with 
Neofusicoccum parvum, forming a single monophy-
letic group with a high bootstrap support. The sec-
ond group of four isolates resided in a well-defined 
clade with strong bootstrap support (MP/NJ/BM = 
94/95/1.00). These isolates formed a distinct sub-
clade, sister to N. kwambonambiense and N. occulatum. 
A single isolate clustered with N. mediterraneum. Only 
one base pair difference in ITS separated this isolate 
from the ex-type isolate, while EF-1α sequences were 
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Figure 1. One of 209 equally parsimonious trees resulting from the alignment of 672 characters of combined ITS and EF-1α 
partial sequences. Length = 296; consistency index (CI) = 0. 774; retention index (RI) = 0.930; homoplasy index (HI) = 0.228. 
Ex-type isolates are given in bold typeface. Bootstrap values from 1000 replications are shown for Maximum Parsimony 
(MP), Neighbour-Joining (NJ) and Bayesian methods (BM) at the tree nodes (MP/NJ/BM). Branches marked with a minus 
(–) are not present in NJ tree. Botryosphaeria dothidea (CBS 110302; GenBank ITS: AY259092; TEF: AY573218) and Botryosphae-
ria corticis (CBS 119047; GenBank ITS: DQ233245; TEF: EU01539) were included as outgroups. 
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identical. Another isolate clustered in a subclade to-
gether with N. australe and N. cryptoaustrale. This iso-
late differed from these two species by a single base 
pair in ITS, one base pair in EF-1α from N. australe 
and three base pairs in EF-1α from N. cryptoaustrale.

Taxonomy

Based on ITS and EF-1α sequence data and ana-
morph morphology, three of the four species are 
known (N. parvum, N. mediterraneum, N. australe). 
One set of isolates was phylogenetically distinct from 
all other known species and is described here as new.

Neofusicoccum algeriense A. Berraf-Tebbal & A.J.L. 
Phillips, sp. nov.
MycoBank MB 808496 

Etymology. Name after Algeria where the fungus 
was discovered.

Teleomorph not seen. Conidiomata pycnidial, pro-
duced on poplar twigs or pine needles on WA within 
2–4 wk, solitary or aggregated, dark brown to black, 
uniloculate, immersed in the host becoming erum-
pent when mature. Conidiophores cylindrical, hya-
line, smooth, thin-walled, septate. Conidiogenous cells 
cylindrical, smooth, holoblastic, phialidic with peri-
clinal thickening, 11.5–14(–16.5) × 3–2.5(–5) μm. Co-
nidia hyaline, fusiform, base subtruncate to bluntly 
rounded, non-septate, rarely forming a septum be-
fore germination, (14.5–)17–18(–21) × (4.5–)5.5–5.7(–
6.5) μm (av. ± SD of 50 conidia = 17.6±1.3 × 5.6±0.4 
μm). Spermatia hyaline, cylindric to allantoid, asep-
tate, 3.2–7.5 × 2.8–4 μm.

Culture characteristics. Colonies white with abun-
dant aerial mycelium reaching 90 mm in diameter 
within 7 d on PDA at 25ºC. Aerial mycelium becom-
ing smoke grey (21’’’’f) to olivaceous grey (21’’’’i) at 
the surface and dull green (27’’m) to brown vina-
ceous (5’’’m) at the reverse after 14 d in the dark at 

Figure 2. Neofusicoccum algeriense. a, b. Conidia developing on conidiogenous cells. c. Spermatia. d–f. Hyaline mature co-
nidia. Bars: 1000 μm.
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25ºC. Cardinal temperatures for growth; minimum ≤ 
5ºC, maximum ≥ 35ºC, optimum 25ºC.

Habitat. trunks and branches of Vitis vinifera.
Known distribution. Northern Algeria.
Holotype. Algeria. Ain-Benian, on trunks and 

branches of Vitis vinifera, May 2013, A. Berraf-Tebbal 
(LISE 9630, deposited in Herbarium of the National 
Agronomic Station, Oeiras, Portugal), a dry culture 
of ALG1 on poplar twigs, ex-type culture ALG1 = 
CBS 137504).

Notes. Two unique, fixed alleles in ITS and one in 
EF1-α separate N. algeriense from all other Neofusicoc-
cum species. Conidia of N. algeriense are larger (17.6 
× 5.6 μm) than those of N. occulatum (15.5 × 5.8 μm), 
but smaller than those of N. kwambonambiense (22.3 
× 6.3 μm).

Frequency and localization of the Neofusicoccum 
species

The frequency of the different species in the sam-
ple of 67 isolates could be determined by relating 
the identities of the representative isolates, based on 
ITS and EF-1α sequence data, to the morphological 
groupings. Neofusicoccum parvum was the most fre-
quently isolated species, followed by N. algeriense. 
Only one isolate corresponded to each of N. mediter-
raneum and N. australe. 

Internal symptom types in host stems were clas-
sified as wedge-shaped necrosis, brown central ne-
crosis, black streaking, and yellow soft wood rot. 
Among the four types of wood alteration considered, 
Neofusicoccum species were most frequently isolated 
from wedge-shaped necrosis (48 isolates) followed 
by yellow soft wood rot (14), then black streaking 
(three) and brown central necrosis (two) (Table 2). 

The other species were rarely encountered.

Discussion
Several species of Neofusicoccum have been found 

associated with grapevine trunk diseases world-
wide. However, this paper is the first study of the 
identity and frequency of Neofusicoccum species as-
sociated with Algerian grapevines, and forms part of 
a study of the Botryosphaeriaceae from Algeria. This 
is the first attempt to assess the diversity of Neofu-
sicoccum species on grapevines with dieback symp-
toms in North Algeria. Integration of morphology, 
cultural characters and DNA sequence data revealed 
the presence of four species, namely N. parvum, N. 
mediterraneum, N. australe and N. algeriense, which is 
described as new.

In this study, N. parvum was the most frequently 
encountered species, with an incidence of 91%. Iso-
lates of this species were sampled from three culti-
vars from two localities. This species is common on 
many woody hosts including Vitis, Actinidia, Populus 
and Prunus. On grapevine, N. parvum is known to 
be an aggressive pathogen (Van Niekerk et al., 2004; 
Slippers et al., 2007; Úrbez-Torres et al., 2011; Gramaje 
et al., 2012). Abdollahzadeh et al. (2013) identified N. 
parvum on three other hosts including willow, cherry 
and raspberry. In a recent study of the diversity and 
distribution of N. parvum, Sakalidis et al. (2013) re-
corded N. parvum in six continents and 29 countries, 
with wide host ranges including 90 host species. 
They also suggested that N. parvum has probably 
been dispersed through the transport of infected 
plant material into new Vitis vinifera growing areas.

One isolate was obtained of each of N. mediter-
raneum and N. australe. They represented only 1.5% 

Table 2. Neofusicoccum species isolated from different types of diseased tissues in grapevines with dieback symptoms

Species Wedge-shaped 
necrosis

Brown central 
necrosis Black streaking Yellow soft 

wood rot

Neofusicoccum parvum 44 2 2 13

N. algeriense 3 0 0 1

N. mediterraneum 0 0 1 0

N. australe 1 0 0 0

Total 48 2 3 14
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of the total number of isolates obtained in this study. 
Neofusicoccum australe has also been rarely isolated 
from Vitis vinifera in Australia. Although this spe-
cies has often been implicated in grapevine trunk 
diseases (e.g. Van Niekerk et al., 2004; Úrbez-Torres 
et al., 2011; White et al., 2011), only a single isolate 
was obtained from two different vineyards in Aus-
tralia (Wunderlich et al., 2011), Thus, the importance 
of N. australe in grapevine wood disease is not clear, 
although it does appear to play a minor role. Nev-
ertheless, Van Niekerk et al. (2004) and White et al. 
(2011) confirmed that N. australe is pathogenic on 
grapevines. This species has widespread distribu-
tion across ten countries and has been reported from 
46 host species in 18 plant families (Sakalidis et al., 
2011). Recently, N. cryptoaustrale was described from 
Eucalyptus sp. (Crous et al., 2013). Only 1 bp differ-
ence in ITS and 3 bp differences in EF-1α separated 
the strain of N. australe in the present study from 
N. cryptoaustrale. Further analyses using additional 
gene regions will be required to clarify the status of 
species and strains within this group. Morphologi-
cally, conidia of the strain examined in the present 
study were much shorter (20.5 × 5.5 μm) than typical 
of N. australe (24.5 × 5.0 μm), but longer than N. cryp-
toaustrale (19 × 5.5 μm).

Neofusicoccum mediterraneum was first described 
by Crous et al. (2007) from Eucalyptus in Greece. La-
zzizera et al. (2008) isolated this species from olive 
drupes in southern Italy. Later, it was found in Spain 
and California on grapevine, almond, pistachio, 
citrus and various woody hosts (Aroca et al., 2010; 
Inderbitzin et al., 2010). Recently, Abdollahzadeh et 
al. (2013) isolated the species for the first time from 
mango trees.

This study adds a new Neofusicoccum species 
associated with diseased grapevines, namely N. al-
geriense. With four isolates, it was the second most 
frequently isolated species on two cultivars of Vitis 
vinifera from the same locality. More sampling is 
necessary to understand the role of this species in 
grapevine diseases, its host range, distribution and 
variability.

A relationship between vascular lesions and 
the Neofusicoccum species isolated was highlighted 
in this study. Cross sections of trunks and arms of 
symptomatic grapevines showed seriously damaged 
tissues, which appeared in various shapes. Neofu-
sicoccum spp. were most frequently isolated from 
wedge-shaped necroses and yellow soft wood rot, 

and at a much lower incidence from central brown 
necrosis and black streaking. This is consistent with 
the finding of previous reports (Luque et al., 2009; 
Úrbez-Torres et al., 2011). According to Van Niekerk 
et al. (2011), the presence of Botryosphaeriaceae spp. 
in the yellow soft wood rot may be a result of their 
saprophytic nature.

Neofusicoccum parvum and N. algeriense were 
mainly isolated from wedge-shaped necrosis. Ac-
cording to Úrbez-Torres et al. (2011) and Van Niekerk 
et al. (2011), N. parvum was frequently isolated from 
wedge-shaped necrosis and black streaking of de-
clining grapevines in California and South Africa. 
Previously, Van Niekerk et al. (2004) reported this 
species from asymptomatic tissue and pruning de-
bris. Further studies are needed to confirm the de-
gree of involvement of Botryosphaeriaceae species 
in wood deterioration. Furthermore, Wunderlich et 
al. (2011) isolated Botryosphaeriaceae species from 
reproductive structures of grapevine over different 
phenological stages, confirming that such species 
can infect different Vitis vinifera tissue types through-
out all stages of the growing season. They suggested 
considering Botryosphaeriaceae species as more 
than trunk disease pathogens.
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