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Introduction

Algeria is one of the oldest wine- producing 
countries in the world and viticulture began well 
before the time of the Roman Empire. The in-
crease of grape production in Algeria at the end 
of the 19th century was due to the phylloxera epi-
demic that affected European vineyards and also 
to the favourable soil and climate of the country. 
By 1938, the cultivated area of grapevines had 
reached a peak of 400,000 ha producing 22 million 
hectolitres of wine  (Hildebert, 1949). Nowadays, 
viticulture still occupies an important place in 
Algerian agriculture. According to statistics from 
the Ministry of Agriculture for 2009 (Anonymous, 

2009), grapevines are planted on 82,743 ha pro-
ducing 492,525 tons of grapes for table, wine and 
raisins.

Diseases such as powdery mildew, downy mil-
dew, black-rot and excoriose are common through-
out wine growing areas and cause heavy economic 
losses. Trunk diseases of grapevine are also very 
harmful, and affect the productivity and the lon-
gevity of vineyards. Trunk diseases are character-
ized by a slow decline leading to the death of the 
vines. Debraye (1892) reported in Algeria cases of 
declining vines that he called “apoplexy”. Ravaz 
(1905) also reported high mortality rates in many 
viticulture areas of Algeria. He suggested that nu-
merous factors were involved, such as the vigor of 
the vines and a climate that is conducive to such 
damage. Since then, there were  no other studies 
until 2003 when a preliminary survey was under-
taken in several regions. That survey revealed a 
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high percentage of dead vines in some vineyards 
and the occurence of both Eutypa dieback and esca 
(Berraf and Péros, 2005). The survey showed that 
Eutypa dieback was more common in vineyards 
than esca, with 37% of  vines affected by Eutypa 
dieback and 15% with esca. Berraf and Péros 
(2005) also noted that the dying arms symptom 
was mainly a result of Eutypa dieback.

Symptoms of  Eutypa dieback and esca are 
well-characterized, appearing in early spring as 
stunted shoots with small, chlorotic, cup-shaped 
lesions with a necrotic margin. Cross-sections of 
arms and trunks of infected vines show wedge-
shaped discoloured sectors (Moller and Kasimatis, 
1978). If the disease progresses, the entire vine 
may die within 10 years of infection (Pascoe and 
Cottral, 2000).

Esca is typically  identified by internal wood 
decay, and by the symptoms on the leaves, and in 
some cases on the berries (Gubler et al., 2004a). 
The disease can appear in a mild form,  character-
ized by leaf alterations (Mugnai et al., 1999) or in 
a severe form, characterized by a sudden wilt of 
the plant often called “apoplexy”. Apoplexy is fre-
quent in the Mediterranean  area when a hot dry 
period is preceded by rainfall (Viala, 1926). The 
internal symptoms of esca include black spots and 
dark brown to black streaking of the xylem tissues. 
These symptoms have been reported in grapevines 
wherever they are grown, with severity increasing 
year by year (Mugnai et al., 1999). Several stud-
ies have shown that a number of fungi are associ-
ated with Eutypa dieback (Ferreira et al., 1989; 
Luque et al., 2009) and also with esca (Larignon 
and Dubos, 1997; Péros et al., 2008, Luque et al., 
2009). The most frequent fungi are Eutypa lata, 
the cause of Eutypa dieback (Carter, 1991), sev-
eral species of Phaeoacremonium (Mostert et al., 
2006a; Essakhi et al., 2008; Gramaje et al., 2009), 
Phaeomoniella chlamydospora (Crous and Gams, 
2000), several species of Botryosphaeriaceae (Phil-
lips, 2002), and the basidiomycete Fomitiporia 
mediterranea (Fischer, 2002).

The survey carried out by Berraf and Péros 
(2005) revealed that the fungal community in 
decaying vines in Algeria was similar to fungal 
communities in other countries. However, Phaeo-
acremonium aleophilum was found at a higher fre-
quency and these authors suggested that this spe-
cies could be favoured by the hot Algerian climate. 

In Australia this species is more frequent in hot-
ter regions (Edwards and Pascoe, 2004), and it is 
less common in Northern France than in southern 
France (Larignon, personal communication). Fur-
thermore, in the first survey performed in Algeria, 
the possibility that other Phaeoacremonium spe-
cies may also infect grapevine was not assessed. 
Different Phaeoacremonium species have indeed 
been isolated from a wide range of hosts such as 
humans, woody plants, larvae of bark beetles and 
soil. These species are opportunistic pathogens 
needing a subcutaneous traumatic inoculation or a 
predisposed host to infect, and to cause disease in 
humans (Ajello et al., 1974; Mostert et al., 2006a). 
Some species, such as Pm. krajdenii, Pm. para-
siticum, Pm. venezuelense and the most common, 
Pm. aleophilum have also been isolated from other 
woody hosts (Larignon and Dubos, 1997; Mostert 
et al., 2006a; Essakhi et al., 2008; Gramaje et al., 
2009).

The purpose of this study was to identify the  
Phaeoacremonium species associated with Eutypa 
dieback and esca in Algeria.  We examined a large 
number of decaying vines and Phaeoacremonium 
species were identified based on their morphologi-
cal characteristics and their DNA sequences. In 
addition, we studied where the species were lo-
cated within the vine (trunk or arm) as well as in 
which type of wood lesion. 

Materials and methods
Analysis of internal symptoms and isolation

A total of 200 vines cv. Cinsault planted in 
1981, 100 with mild or severe forms of esca and 
100 showing symptoms of Eutypa dieback were 
sampled in the main production areas of the 
northern Algeria. Cross and longitudinal sections 
of the trunks and arms of each vine were exam-
ined to record the type and location of the wood 
necrosis. Isolations were made from each type of 
necrotic tissues. For each lesion detected, 10 piec-
es of wood (10×5×5 mm) were cut from the mar-
gin of the soft white rot, the sectorial and the cen-
tral brown zone and the black spots as described 
by Larignon and Dubos (1997) and Luque et al. 
(2009). The pieces of wood were surface disinfect-
ed with calcium hypochlorite (3% active chlorine) 
for 10 min, rinsed twice in sterile water and then 
placed on potato-dextrose agar (PDA, Difco Labo-
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ratories, Detroit, MI, USA) plates. Plates were 
incubated at room temperature and  inspected 
every 2–3 days for two months. Phaeoacremoni-
um species were transferred to fresh PDA plates.  
A  Phaeoacremonium species was associated with 
a lesion type when at least one of the 10 pieces of 
tissue yielded that species. Morphological charac-
ters to distinguish species of Phaeoacremonium 
included conidiophore morphology, phialide type 
and shape, size of hyphal warts. Colony charac-
ters and pigment production were noted after 8 
and 16 days of incubation at 25°C on malt extract 
agar (MEA: 2% malt extract Difco, 1.5% agar), 
PDA and oatmeal agar (OA) (Gams et al., 2007). 
Colony colours were defined after 16 d using the 
colour charts of Rayner (1970).

DNA isolation

Genomic DNA of all isolates identified morpho-
logically as Phaeoacremonium was extracted from 
fresh mycelium grown on PDA plates in darkness 
at 25°C for 2–3 weeks following Santos and Phil-
lips (2009).

MSP-PCR profiles

The Phaeoacremonium isolates were initially 
characterized on the basis of their microsatellite 
primed-PCR (MSP-PCR) profiles as described by 
Alves et al. (2004). The primer used for the MSP-
PCR was  M13 (5’– GAG GGT GGC GGT TCT– 3’) 
(Meyer et al., 1993). The reaction mix in a final 
volume of 25 µL contained 1×PCR buffer (20 pmol 
of primer, 200 µm of one of each  dNTP, 1.25U of 
Taq DNA polymerase (MBI Fermentas, Vilnius, 
Lithuania), 3 Mm of MgCl2 and 10 ng of template 
DNA. The cycling conditions were: 2 min at 94°C, 
followed by 40 cycles of 30 s at 93°C, 3 s at 53°C 
and 2 min at 72°C, then a final step of 10 min at 
72°C. The amplification products were separated 
by electrophoresis in 1.5% (w:v) agarose gels in 
0.5×TBE (Tris Borate EDTA) for 3 h 30 min at 
80 V. Gel electrophoresis images were acquired 
under UV illumination with the Molecular Im-
ager Gel Doc XR System (Bio-Rad, Hercules, CA, 
USA), after staining with Gel Red (Biotium, Hay-
ward, CA, USA). DNA banding patterns were an-
alyzed with GELCOMPAR (version 4.1, Applied 
Maths Kortrijk, Begium, 1998) using Pearson’s 
correlation coefficient and the dendrogram was 
computed using  UPGMA clustering. The repro-

ducibility level was calculated by comparing the 
banding profiles resulting from independent am-
plification of 10% of these isolates chosen ran-
domly.

Sequence analysis

Two gene regions were amplified. A fragment 
of around 600 bp of the β-tubulin (TUB) gene 
was amplified using the primers T1 (O’Donnell 
and Cigelnik, 1997) and Bt2b (Glass and Don-
aldson, 1995), and a fragment of around 300 
bp of the actin (ACT) gene was amplified as 
described by Mostert et al. (2006b) using the 
primers ACT 512F and ACT 783R (Carbone 
and Kohn, 1999). The reaction mixture con-
tained 50–100 ng of genomic DNA, 15 pmol of 
each primer, 200 µm of one of each dNTP, 3 mM 
MgCl2, 1% DMSO to improve the amplification 
of some DNA templates and 1 U of Taq DNA 
polymerase. Each reaction volume was brought 
to 50 µL with sterile water. The amplification 
conditions for TUB regions were: 5 min at 94°C, 
followed by 40 cycles of 30 s at 94°C, 3 s at 52°C 
and 1 min at 72°C, and a final step of 10 min at 
72°C. PCR products were purified according to 
the manufacturer’s instructions using the Nu-
cleo Spin Extract II commercial kit (Macherey-
Nagel, Düren, Germany). The TUB and ACT re-
gions were sequenced by STAB Vida, Lda (Oei-
ras, Portugal). Newly generated sequences were 
deposited in GenBank (Table 1).

Sequences for the two DNA regions were re-
trieved in GenBank (Table 1) using the BLAST 
(Basic local alignment search tool) (Altschul et al. 
1990). The sequences of Pleurostomophora rich-
ardsiae (CBS 270.33; GenBank ACT: AY579271; 
TUB: AY579334) and Wuestineaia molokaiensis 
(STE-U3797; GenBank ACT: AY579335; TUB: 
AY579272) were used as outgroups. Sequenc-
es were edited with BioEdit Alignment Editor 
V.7.0.9.0 (Hall, 1999) and aligned with Clustal X 
version 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-parsimony (MP) and Neigh-
bour joining (NJ) analyses. Alignment gaps were 
treated as missing data and all characters were 
unordered and of equal weight. The trees were 
visualized with TreeView (Page, 1996).
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Results

Isolation and identification of Phaeoacremonium 
species

A total of 61 isolates of Phaeoacremonium spe-
cies were obtained from the 200 vines sampled. 
All isolates were typical Phaeoacremonium spe-
cies with slow-growing colonies that gave visible 
growth after up to 15 days of incubation. The 
macroscopic features of the colonies such as col-
our, texture of the mycelium and the presence of 
pigment were used for preliminary identification. 
The isolates selected for molecular analysis and 
strains of Phaeoacremonium used for comparison 
are shown  in Table 1.

A variability analysis was done to assess the 
genetic diversity within the Phaeoacremonium 
isolates. The bands produced by the MSP-PCR 
profiles divided the isolates into 9 meaningful 
groups with a reproducibility level of 80% (Figure 
1). Representative isolates from each group includ-
ing, when possible, isolates from Eutypa dieback 
and esca symptoms were selected for phylogenetic 
analysis.

The TUB and ACT sequences of the 17 isolates 
selected from the MSP-PCR profiles were com-
bined and aligned with sequences of 50 isolates 
retrieved from GenBank, representing a selec-
tion of all known Phaeoacremonium species. The 
combined alignment consisted of 854 characters 
(including alignment gaps). Of these, 388 were 
parsimony informative, 74 were variable and par-
simony uninformative and 392 were constant. Af-
ter a heuristic search 4 parsimonious trees with 
the same overall topology were retained (length 
= 1614; CI = 0.511; RI = 0.857, HI = 0.489). One 
of the trees is shown in Figure 2. The isolates ob-
tained in this study clustered with four previously 
published species, namely, Pm. aleophilum, Pm. 
venezulense, Pm. parasiticum, Pm. hispanicum.

Frequency and location of the Phaeoacremonium 
species

By relating the identities of representative iso-
lates, based on β-tubulin and ACT sequence data, 
to the MSP-PCR groupings we determined the fre-
quency of the different species in the sample of 61 
isolates. Phaeoacremonium aleophilum was the 
most frequent species, followed by Pm. parasiti-
cum and Pm. venezuelense. Only one isolate cor-
responded to Pm. hispanicum. Phaeoacremonium 

species occurred in 38 of the 100 vines showing Eu-
typa dieback symptoms and in 23 of the 100 vines 
showing esca  (Table 2). Their incidence was much 
greater in the trunk than in the arms of the vines 
(Table 2). Among the four types of wood alteration 
(V-shaped necrosis, central necrosis, wood decay, 
and black spots), Phaeoacremonium species were 
most frequently isolated from V-shaped necroses 
(Table 2).

Discussion 

Grapevine decline and the associated patho-
gens have been little studied in Algeria. This study 
constitutes the first attempt to assess the diversity 
of Phaeoacremonium species on grapevines show-
ing Eutypa dieback and esca symptoms. Species 
identity was based on morphological characters 
and analysis of partial sequences of β-tubulin and 
actin genes. Four species were identified, namely 
Pm. aleophilum, Pm. parasiticum, Pm. venezue-
lense and Pm. hispanicum.

Phaeoacremonium aleophilum was the most 
frequently isolated species with an incidence of 
68.8% of all the isolations. Interestingly it was 
mostly associated with V-shaped sectorial necro-
sis. This species is recognized as the most com-
mon species on grapevines worldwide (Mostert 
et al., 2006b; Essakhi et al., 2008; Gramaje et al., 
2009) and is most frequently associated with foliar 
symptoms of esca (Larignon and Dubos, 1997;  Es-
sakhi et al., 2008,  Péros et al., 2008). 

The next most frequent species were Phaeo-
acremonium parasiticum and Phaeoacremonium 
venezuelense. Phaeoacremonium parasiticum is 
well-known on grapevines and has been isolated 
in relatively high frequencies. It is also found on 
other woody hosts as an endophyte or as agent of 
plant disease (Mostert et al., 2006b). Phaeoacre-
monium parasiticum is the most common species 
causing human infection, and was first reported 
in 1974 as Phialophora parasitica (Ajello et al., 
1974). It can be identified easily by its distinct 
dense mycelium and prominent exudate droplets, 
which are perceived as warts on the mycelium.

It was interesting to find such a high propor-
tion of Pm. venezuelense on Algerian grapevines. 
This species has rarely been encountered on 
grapevines and is represented worldwide by only 
five strains, of which three were from human in-
fections; the fourth was from a grapevine and the 
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Figure 1. Consensus dendrogram from MSP-PCR profiles obtained with primer M13. The vertical dashed line cor-
responds to the reproducibility level (80%) from which nine groups of isolates are inferred (indicated by numbered 
circles). In each group, the isolates highlighted in boldface were selected for phylogenetic analysis. All fingerprints 
were grouped by similarity using the Pearson correlation coefficient and UPGMA. Isolates obtained in this study from 
vines with eutypa dieback or esca symptoms are indicated by white and black circles respectively.
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Figure 2. One of 4 equally parsimonious trees resulting from the alignment of 854 characters of combined TUB and 
ACT partial sequences. Length = 1614; consistency index (CI) = 0.511; retention index (RI) = 0.857; homoplasy index 
(HI) = 0.489. Newly generated sequences are highlighted in boldface and listed by their isolate number. Ex-type 
cultures are marked with an asterisk. Isolates obtained in this study from vines with eutypa dieback or esca  are 
marked with white and black circles respectively. Bootstrap values from 1000 replications are shown for Maximum 
Parsimony (MP) and Neighbour-Joining (NJ) at the tree nodes (MP/NJ). Branches marked with a minus (–) are not 
present in the NJ tree. Pleurostomophora richardsiae (Genbank ACT: AY579271; TUB: AY579334) and Wuestneia 
molokaiensis (Genbank ACT: AY579335; TUB: AY579272) were included as outgroups. 
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fifth strain from an unknown host (Guarro et al., 
2006). Pm. venezuelense was first described as 
Cephalosporium serrae in the first medical report 
involving Phaeoacremonium species (De Albor-
noz, 1974). Also of interest was the single isolate 
of Pm. hispanicum, which was described recently 
(Gramaje et al., 2009) and has thus far been found 
only in Spain. Phaeoacremonium hispanicum can 
be identified by its distinct abundant percurrent-
ly rejuvenating conidiophores. It has the ability 
to grow at 37°C, which suggests that it has the 
potential to survive at human body temperature. 
This finding is quite interesting in relation to the 
ecology of Pm. parasiticum and Pm. venezuelense, 
as these thermotolerent species are associated 
with Phaeohyphomycosis in humans but have also 
been isolated from grapevines and other woody 
hosts (Mostert et al., 2006a). According to these 
authors, Phaeoacremonium infections in humans 
appear to have become more common over the last 
two decades. Essakhi et al. (2008) isolated Phaeo-
acremonium species previously associated with 
human infections from the branches and trunks of 
Vitis vinifera with esca symptoms. However, the 
clinical importance of Pm. hispanicum remains to 
be determined.

The majority of Phaeoacremonium species have 
been isolated from diseased woody  plants. With 
three new species recently described by Graham et 
al. (2009), the number of Phaeoacremonium spe-
cies reported on grapevine worldwide has now 

reached 25. The two main diseases in which these 
species are involved are esca and Petri disease 
the latter formerly known as Phaeoacremonium 
grapevine decline affecting young vines (Mug-
nai et al., 1999; Mostert et al., 2006b;  Luque et 
al., 2009). Inoculation studies have shown that 
Pm. aleophilum causes brown streaking, reduced 
shoot growth and esca symptoms on grapevine 
leaves and berries (Gubler et al., 2004b). Similar 
studies have shown that Pm. parasiticum, Pm. 
krajdenii, Pm. subulatum, Pm. venezulense and 
Pm. viticola also cause brown wood streaking 
(Halleen et al., 2005). However, our study clearly 
demonstrated that in Algeria Phaeoacremonium 
species were mainly isolated from vines showing 
the typical external and internal symptoms of 
eutypa dieback. How far these species are also 
involved in Eutypa dieback is not known, and 
this topic should be studied. Phaeoacremonium 
species were mostly isolated from V-shaped (sec-
torial) necrosis; which is not consistent with the 
literature, which reports that they occur in cen-
tral brown lesions (Larignon and Dubos, 1997; 
Péros et al., 2008, Luque et al., 2009). In our 
study these species were much more common in 
the trunks than in the arms, suggesting that the 
infections they caused were derived from mother 
material or from the nursery. On the contrary, 
Luque et al. (2009) isolated Phaeoacremonium 
species more frequently from the arms than 
from the trunks, which would indicate that in-

Table 2.  Fungal species isolated from wood lesions of grapevine trunks and arms.

Eutypa dieback Esca

V-shaped 
necrosis

Central 
necrosis

Black 
spots

Wood 
decay

V-shaped 
necrosis

Central 
necrosis

Black 
spots

Wood 
decay

Trunks Phaeoacremonium 
aleophilum

13 5 1 5 7 1 4 4

Pm. parasiticum 2 1 0 1 2 0 2 1

Pm. venezuelense 2 2 0 2 2 0 0 0

Pm. hispanicum 0 0 0 0 0 0 0 0

Arms Pm aleophilum 2 0 0 0 0 0 0 0

Pm. parasiticum 0 0 0 1 0 0 0 0

Pm. venezuelense 0 0 0 0 0 0 0 0

Pm. hispanicum 1 0 0 0 0 0 0 0

Total 20 8 1 9 11 1 6 5

Plant portion/species
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fection occurred through wounds caused by an-
nual pruning. This suggestion was made by Rego 
et al. (2000) and also by Gubler et al. (2004a) and 
Larignon (2004), but further studies are needed 
to confirm them.

This work highlights the importance of the ge-
nus Phaeoacremonium on grapevines in Algeria. 
It also indicates that in general, the effects that 
fungi have on the health of Algerian grapevines 
should be studied in greater detail.
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