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Ash decline induced by Hymenoscyphus pseudoalbidus is an emerging disease that severely affects Fraxinus excelsior stands

in Europe. There has been an invasive spread of the disease from east to west in Europe over the last decade. Wood discolor-

ation on infected trunks has been reported, but few data are available on the involvement of H. pseudoalbidus in such symp-

toms. Transport and trade of ash logs could introduce the pathogen into disease-free areas and therefore accelerate its

dissemination. The aim of this study was to assess the prevalence and severity of H. pseudoalbidus in ash logs in infested

areas located in the northeast of France and to clarify the role of secondary pathogens in ash decline. The results showed that

prevalence of H. pseudoalbidus on collar lesions was high in the study area. The pathogen was able to produce conidia from

infected wood. Thus, export of ash logs could represent a potential risk for spreading the disease. Involvement of Armillaria

spp. in the decline process was confirmed, while no Phytophthora-induced collar lesions were found. Studying both disease

prevalence and the age of callus tissues surrounding collar lesions in 60 ash stands enabled the origin of the disease in the

study area to be determined.
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Introduction

Since the early 1990s, an emerging lethal disease has
reached epidemic levels on ash in Central Europe (Kowal-
ski, 2006; Bakys et al., 2009). The causal agent, Hyme-
noscyphus pseudoalbidus (anamorph Chalara fraxinea),
first described in Poland, is responsible for a severe
decline on all age classes of Fraxinus excelsior and F. an-
gustifolia trees (Kowalski & Holdenrieder, 2008; Kirisits
et al., 2010; Queloz et al., 2011). Main symptoms
described are brownish to orange bark necroses and can-
kers without exudates on shoots, stems and branches,
leading to wilting of the leaves and dieback of the trees
(Kowalski, 2006; Kowalski & Holdenrieder, 2009a;
Schumacher et al., 2010).

Ash dieback could represent a serious threat to forest
and nursery ash trees, and for this reason the European
Plant Protection Organization (EPPO) Secretariat
decided to add H. pseudoalbidus to the EPPO Alert List
in 2007 (EPPO, 2010). Up to now, this invasive pathogen
has not been reported on the west coast of Europe or
outside of Europe. Although precise data are lacking on
the biology of the fungus, trees for planting and infected
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F. excelsior logs are likely pathways for spreading the
disease over long distances (EPPO, 2010). In France, dis-
ease emergence is very recent, as the first H. pseudoalbi-
dus associated ash declines were observed in 2008 (Ioos
et al., 2009). The disease is mainly located in northern
and northeastern France where severe decline of F. excel-
sior stands has been observed (Husson et al., 2011). The
west coast and southern France, where F. excelsior as well
as F. angustifolia are well established, are still free of
H. pseudoalbidus and keeping the region disease-free as
long as possible is important. Spread of H. pseudoalbidus
by infected ash logs needs to be better documented as
massive logging is occurring in affected stands of eastern
France and their transport and trade could introduce the
pathogen to disease-free areas. For example, in Europe,
phytosanitary measures including the treatment of
imported oak logs by fumigation have been taken in order
to prevent the introduction of Ceratocystis fagacearum,
the causal agent of oak wilt, from North America (Des-
prez-Loustau, 2009). However, the frequency of
H. pseudoalbidus presence on affected ash trees is not
well documented. Although wood discoloration on
mature tree trunks as well as root and butt rot have been
reported, mostly on highly infected ash trees (Kowalski
& Holdenrieder, 2008; Skovsgaard et al., 2010; Bakys
et al., 2011), few data are available about their preva-
lence, and involvement of H. pseudoalbidus in such
symptoms remains unknown. Armillaria spp. were in fact
the most abundant fungi isolated from trees with these
889
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types of symptoms, and were associated with the decline
process as secondary pathogens (Skovsgaard et al., 2010;
Bakys et al., 2011). Moreover, other potentially patho-
genic fungi of the genera Cytospora, Diplodia, Fusarium
and Phomopsis also colonized declining ashes (Lygis
et al., 2005), as well as Phytophthora species (Orlikowski
et al., 2011).

The aims of this study were therefore (i) to study the
presence of H. pseudoalbidus on infected mature F. excel-
sior logs, with a particular focus on the collar; (ii) to esti-
mate the prevalence and severity of necrotic lesions on
collars or trunks of affected mature trees in a large area
where intensive ash decline has been observed; and (iii) to
clarify the role of other pathogens such as Phytophthora
spp. or Armillaria spp. in the F. excelsior decline process.
Material and methods

Sampling procedure on infected trees

In March and May 2010, 10 trees with symptoms (with a
trunk diameter of 15–20 cm at 1Æ3 m height) were
selected from five highly infested plots located in north-
eastern France and felled. The overall health status of the
Table 1 Characteristics of the Fraxinus excelsior trees studied and results of the P

Tree Stand Location

Decline status

assessed

before falla

Collar

Symptom PCR

3 6 Mersuay 1 Bark lesion +

7 41 Mersuay 1 No lesion NT

1 1 Ainvelle 2 Bark lesion )

2 1 Ainvelle 2 Bark lesion +

4 6 Mersuay 2 No lesion NT

5 6 Mersuay 2 Bark lesion +

6 6 Mersuay 2 Bark lesion +

8 Hedge Faverney 3 No lesion NT

9 33 Mersuay 3 Bark lesion )

10 33 Mersuay 3 Discoloration

in heartwood

)

a1, slighlty declining, presence of sprouts in the crown; 2, moderately dec

NT, not tested.
trees was rated before felling as follows: 1, slightly declin-
ing; 2, moderately declining; 3, severely declining. Then,
5 cm thick wood disks were collected from collars, trunks
and branches using a chain saw, and symptoms were
observed on each part of the trees (Table 1). The disks
were sampled on the bole every 1–2 m and wherever
potential symptoms of H. pseudoalbidus such as wood
discoloration or infected sprouts were present. Infected
shoots from the crown or sprouts from trunks were also
sampled. The samples were placed in plastic bags and
brought back to the laboratory for analysis. In addition,
the status of collars and roots was investigated. Soil was
removed around major roots of three trees that exhibited
collar lesions out of the 10 trees felled (approximately
10–20 cm deep and 50–100 cm long) and sections of
major roots were sampled.
Production of conidia and isolation of
H. pseudoalbidus from necrotic ash disks

Wood disks with discoloration collected from the collar
of four out of the 10 trees and from major roots of one ash
tree were split using a steel wood chisel, placed in plastic
boxes on moist paper towels using sterile water and
CR analysis

Trunk Crown

Symptom PCR Symptom PCR

No symptom

(healthy wood sampled)

) Infected shoots )

No symptom

(healthy wood sampled)

) Infected shoots +

Infected sprouts ) Canker, major

branches dead

+

Discoloration in heartwood

(pruning ?)

) Infected shoots +

Bark beetle galleries

)
Crown completely

dead

NT

Bark lesions at the foot

of infected sprouts

Discoloration in heartwood

(pruning ?)

)

Bark lesions at the foot of

infected sprouts at 6 m

high

+ Canker, major

branches dead

+

Infected shoots +

No symptom

(healthy wood sampled)

) Infected shoots +

Bark lesions at the foot of

infected sprouts at

3 m high

+ Infected shoots +

Bark lesions

(due to wound ?)

at 1Æ5 m high

+ Infected shoots )

Discoloration in

heartwood

) Infected shoots +

Discoloration in

heartwood

) Canker, major

branches dead

+

Infected shoots +

lining, presence of sprouts on the trunk; 3, severely declining.
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incubated at 20�C under a 16:8 h light:dark regime.
Disks were checked daily using a binocular microscope,
mainly at the discoloration margin, and putative
H. pseudoalbidus phialides and conidia produced on sap-
wood were collected and transferred into a 2 mL Eppen-
dorf tube as soon as observed.

Isolation of H. pseudoalbidus from lesions was under-
taken as described by Kowalski (2006). Briefly, 1–2 cm
long pieces of wood containing the lesion margin were
surface sterilized (1 min in 90% ethanol, 5 min in 4%
NaOCl and 30 s in 90% ethanol) and then cut into small
pieces. Pieces of wood were plated on malt agar supple-
mented with antibiotic (20 g L)1 malt extract,
100 mg L)1 streptomycin and 15 g L)1 agar). The Petri
dishes were incubated at 20�C in the dark and any isolate
morphologically similar to H. pseudoalbidus that
emerged from the wood was transferred onto a new malt
agar Petri dish.
DNA extraction

The presence of cankers or discoloration in sap-
wood ⁄ heartwood was recorded for each sampled wood
disk. Whenever the presence of H. pseudoalbidus was
suspected, a sample was taken for analysis. Pieces of
wood at the margin of discoloured areas were cut using a
hammer and a steel wood chisel. To avoid contamina-
tion, latex gloves were used during the handling of the
disks and changed between samples. The chisels were
sterilized by dipping for 5 min in 5% NaOCl, 60 s in
70% ethanol and finally flamed. Approximately 100 mg
of these sapwood ⁄ heartwood samples were then col-
lected with a rounded sterile scalpel blade and placed in a
2 mL Eppendorf tube. Healthy heartwood ⁄ sapwood
pieces sampled in areas without discoloration were also
collected as negative controls.

DNA extractions from wood were performed using the
DNeasy Plant mini-kit (QIAGEN). Samples placed in a
2 mL Eppendorf tube were cooled to )20�C for 10 min
and then ground for 30 s with one 3 mm tungsten carbide
bead at a frequency of 30 Hz, using a mixer mill grinder
(TissueLyser, QIAGEN). Four hundred microlitres of
DNeasy� lysis buffer (AP1) and 400 lL of powdered
skimmed milk (8 g L)1 distilled water) were added and
tubes were ground once again for 30 s. DNA extractions
were then performed following the manufacturer’s
instructions except that the incubation period with AP1
buffer at 65�C was extended to 60 min. DNA was finally
eluted in 150 lL elution buffer. DNA extractions from
phialides ⁄ conidia or mycelia from culture were per-
formed following the manufacturer’s instructions with-
out modification.
Real-time PCR amplifications

Amplifications with the species-specific primer pairs and
probe Cfrax-F ⁄ -R ⁄ -P for H. pseudoalbidus (Ioos et al.,
2009; Husson et al., 2011) were performed in 15 lL reac-
tion volumes using the qPCR core kit No ROX (Eurogen-
Plant Pathology (2012) 61, 889–895
tec) and consisting of ultrapure water, 1· reaction buffer,
5 mM MgCl2, 4 · 0Æ2 mM dNTPs, 0Æ3 lM of each primer,
0Æ1 lM of dual-labelled probe, 0Æ15 U of uracil-DNA-
glycosylase (UNG), 0Æ375 U of HotGoldStar and 2 lL of
template DNA.

Real-time PCR reactions were carried out on a Rotor-
Gene 6200 (QIAGEN). The PCR cycling conditions
included an initial step for UNG activation for 2 min at
50�C, a HotGoldStar activation step for 10 min at 95�C,
followed by 35 cycles of denaturation at 95�C for 15 s,
and annealing and elongation at 65�C for 55 s. The Ct

value for each reaction was determined using the Rotor-
Gene software version 1.7.75 with a normalized fluores-
cence set at 0Æ02.
Survey procedures

A survey to estimate the frequency of collar lesions on ash
was conducted in summer 2010. Sixty plots were selected
randomly in northeastern France in an area where severe
decline associated with H. pseudoalbidus has been
reported. In each plot, location was recorded using global
positioning system equipment and 50 10–25 m high
F. excelsior trees were randomly selected, except for
seven plots where 100 trees were selected. The average
height of trees, their origin (plantation versus regenera-
tion originating from natural seeding), and the vegetation
type (moist versus dry or mesic) were recorded. For each
tree, the decline status of the crown (percentage of
affected crown), except for eight out of 60 plots, and the
lesion size on the collar (percentage of affected collar cir-
cumference) were recorded. The rating scale for both
symptoms was as follows: 0 = less than 5%; 1 = 6–25%;
2 = 26–50%; 3 = 51–75%; 4 = 76–100%. Moreover,
callus tissues surrounding the collar lesion of diseased
trees were observed in order to estimate the age of lesions
by counting the number of annual wood rings in the cal-
lus.

Thirty plots out of the 60 studied were investigated
more precisely in order to collect samples and to check
the presence of H. pseudoalbidus, Phytophthora spp. and
Armillaria spp. Two to three trees per plot that exhibited
collar lesions were selected and pieces of necrotic inner
bark were collected at the lesion margin, placed in a 2 mL
Eppendorf tube and brought back to the laboratory for
analysis. Whenever mycelial fans of Armillaria spp. were
observed in the affected collar tissues, they were sampled
as well. Wood samples were assayed for the presence of
H. pseudoalbidus using the DNA extraction method and
real-time PCR test as described above. Isolation of Phy-
tophthora spp. from lesion margins was performed as fol-
lows: pieces of wood collected at the lesion margin were
quickly surface sterilized with 70% ethanol and plated on
Phytophthora-selective PARBHY medium (Robin et al.,
1998). Petri dishes were observed daily until 15 days after
isolation. Finally, DNA from Armillaria mycelial fans
collected on tree collars was extracted using the DNeasy
Plant mini-kit. Species identification was then performed
by PCR-RFLP analysis of the IGS region of ribosomal
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DNA (Harrington & Wingfield, 1995) or by sequencing
the IGS region. Isolates of A. cepistipes, A. gallica, A. mel-
lea and A. ostoyae provided by J. J. Guillaumin were used
as reference.

As crown status and collar lesion severity were rated
with semi-quantitative ratings, the correlation between
both variables was studied with Spearman correlation.
Factors affecting the severity of collar lesions were stud-
ied by a multivariate analysis of variance. The dependent
variable was the collar lesion size while independent vari-
ables all included as fixed effect were tree height, stand
origin (planting or natural regeneration) and vegetation
type. As a spatial pattern in severity was suspected, linked
to the invasive nature of the disease, stand latitude and
longitude were also included as confounding factors, i.e.
factors that could strongly affect the response variable
and induce spurious correlations. The significance level
was set at P < 0Æ05.
Results

Presence of H. pseudoalbidus on the bole of felled
ash trees

Typical symptoms of H. pseudoalbidus decline were
widely present in the crown of all 10 trees felled. Bark
lesions and ⁄ or discoloration of the wood at the trunk or
collar level were found on nine out of the 10 trees
(Table 1). Three types of symptoms were observed at the
trunk level: (i) heartwood ⁄ sapwood brownish discolor-
ation, cambium being healthy, associated or not with old
pruning wound (four trees); (ii) small bark lesions (5–
10 cm2 area) located at 1–5 m height either at the base of
infected sprouts (three trees) or associated with wounds
(one tree); and (iii) large brownish bark lesions on the col-
lar (six trees) which progress towards sapwood and heart-
wood leading to triangle-shaped discoloration, lesions
Table 2 Detection of Hymenoscyphus albidus on log disks of ash (Fraxinus exce

Part of tree

Location of samples

collected on log disk Type of lesiona

Collar Heartwood No lesion

Heartwood Central

Sapwood Periphery

Sapwood Bark

Trunk Heartwood No lesion

Heartwood Central

Sapwood Periphery

Sapwood Bark

Branches in

lower part

of crown

Heartwood No lesion

Heartwood Central

Sapwood Periphery

Sapwood Bark

Branches

in crown

Sapwood No lesion

Sapwood Bark

aCentral: located in heartwood; periphery: located at the periphery of disk

sapwood ⁄ heartwood.
being more extensive in inner bark. Similar lesions were
observed on major roots of trees that exhibited collar
symptoms. No sprouts were observed in the tree collar
area. In addition, major roots of three observed trees that
had lesions on the collar exhibited large necrotic tissues
mainly located on the upper part of roots in contact with
collar lesions. All size classes of roots were found to be
infected, the finest often being dead. Finally, bark beetle
attacks due to Leperesinus fraxinus were observed on the
trunk of three of the trees studied.

Hymenoscyphus pseudoalbidus was present on all 10
of the sampled trees according to the PCR test (Table 1).
However, positive detections were highly dependent on
type of symptom (Table 2). The pathogen was never
detected in discolorations located only in heart-
wood ⁄ sapwood. Hymenoscyphus pseudoalbidus was
detected in small bark lesions on trunks linked to infected
sprouts or associated with wounds (three out of four
trees) and in large bark lesions located on the collar (four
out six trees) and on major roots, and that affected both
sapwood and heartwood. Samples collected on infected
shoots in the crown were positive for seven out of the 10
trees studied. The three trees negative for H. pseudoalbi-
dus in the crown had drastically infected crowns with
mostly dead branches or shoots. Finally, H. pseudoalbi-
dus was never detected from samples collected in healthy
heartwood ⁄ sapwood (negative control).
Production of conidia and isolation of
H. pseudoalbidus from necrotic ash disks

Detection of H. pseudoalbidus was confirmed from sap-
wood pieces of the five analysed necrotic disks (four from
collar and one from root) by using the PCR test. Phialides
typical of H. pseudoalbidus were observed using a binoc-
ular microscope on two out of four disks collected from
the collar and on the one collected from the root after an
lsior) using real-time PCR assays (Ioos et al., 2009)

Number of

samples tested

Number of

positive detections Percentage

1 0 0

1 0 0

2 0 0

21 8 38

21 0 0

23 0 0

5 0 0

8 3 44

6 0 0

2 0 0

2 0 0

3 1 33

2 0 0

22 14 64

without contact with cambium; bark: located from bark to

Plant Pathology (2012) 61, 889–895
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incubation period of 5–7 days in a humid chamber. The
pathogen was isolated on selective media from lesions
located in sapwood of these three positive disks. Positive
real-time PCR assays using species-specific primers and
probe confirmed that both phialides ⁄ conidia and myce-
lium from culture were of H. pseudoalbidus.
Prevalence of collar lesions in the surveyed area

Altogether, 3350 trees located in 60 plots were observed
for the presence of collar lesions, of which 2400 trees
were also assessed for crown decline status. Collar lesions
were found on 33Æ4% of the trees and on 95% of plots (57
out of 60). The mean percentage of affected collar cir-
cumference was 20Æ6 ± 0Æ8%. Eighty-eight percent of
trees had a decline status of the crown higher than 5%.
Only 8% of ash trees were healthy, i.e. without bark
lesions and with decline status less than 5%. This percent-
age decreased to 2Æ6% in the northeastern part of the
study area. Overall, the crown status and the severity of
collar lesions were significantly correlated (Spearman
r = 0Æ271, P < 0Æ001), but this relationship was highly
dependent on the plots (Fig. 1). While correlation
between collar lesion severity and crown decline was sig-
nificant in the most severely affected stands, this was not
true in less affected stands.

Samples from tree collars with symptoms were col-
lected in 27 plots out of the 30 investigated. The presence
of H. pseudoalbidus on the collar was confirmed by PCR
assays on 26 of the sampled plots (96%). The pathogen
was detected on 45 out of 51 trees sampled (88%). In con-
trast, Phytophthora spp. were never isolated on media
from bark lesions. Armillaria spp. were very frequent
within the ash collar lesions. Indeed, 70 out of 74 trees
with symptoms (95%) exhibited typical mycelial fans in
the inner bark and cambial zone. Mycelial fans of Armil-
0·0 0·5 1·0 1·5

–0·2
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Figure 1 Spearman correlation between the collar lesion severity

and decline status of the crown of Fraxinus excelsior caused by

Hymenoscyphus pseudoalbidus, according to plot collar lesion

severity.
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laria spp. were present in all but one infested plot which
was ancient agricultural land where no epiphytic rhizo-
morph was found on tree collars. In addition, attacks of
Armillaria spp. were never observed in H. pseudoalbidus-
free plots, i.e. three out of the 30 studied. PCR-RFLP or
IGS sequencing methods allowed identification of A. gal-
lica, A. mellea and A. cepistipes in 27, four and two plots,
respectively.

The prevalence of collar lesions on ash increased from
the southwest (20Æ5% of the observed trees) to the north-
east (47%) of the study area. Moreover, the collar lesion
severity was higher in the northeastern area (Fig. 2a). The
latitude and longitude of plots were indeed positively cor-
related with the affected collar circumference (Table 3).
The size of collar lesions was significantly higher in young
ash stands and in high moisture level plots (Table 3). In
contrast, no significant difference was found between the
two different origins of ash stand (plantation versus
regeneration).

Finally, trees that exhibited collar lesions with callus-
ing older than 1 year old were rare in the study area (3%).
However, they were more common in the northeast than
in the southwest (31 and two trees, respectively; Fig. 2b).
Three-year-old callusing (i.e. lesions formed in 2007)
were observed in stands located in the northeast.
Discussion

The epidemiological survey revealed that infection of ash
collars by H. pseudoalbidus was considerable both in
terms of severity and prevalence. On average about a fifth
of the collar circumference was affected in the ash popu-
lation of the study area. Although these infection symp-
toms are very similar to Phytophthora-induced collar
lesions, i.e. dark flame-shaped necroses in the inner bark,
no Phytophthora was detected, while H. pseudoalbidus
was consistently detected and therefore clearly involved
in the lesion induction. The results confirm those of
previous studies, which concluded that Phytophthora
species were unlikely to be involved in the disease process
(Bakys et al., 2009; Schumacher et al., 2010). Based on
(a) (b)

Figure 2 (a). Mean rating of collar lesion severity. , 0Æ01, , 0Æ1, ,

1, ratings range from 0 (less than 5% of affected collar

circumference) to 4 (from 76 to 100% affected collar

circumference); (b). Prevalence of trees with old collar lesions

(callus tissues surrounding the lesion over 1 year old). + Absent, ,

0Æ1%, , 10%.



Table 3 Multivariate analysis of variance of factors affecting collar lesion

severity (percentage of affected collar circumference) caused by

Hymenoscyphus pseudoalbidus

Factor df Mean square F value P value

Tree height 1 0Æ824 5Æ031 0Æ029

Origin 1 0Æ198 1Æ211 0Æ276

Soil moisture 1 1Æ713 10Æ455 0Æ002

Longitude 1 1Æ719 10Æ488 0Æ002

Latitude 1 0Æ842 5Æ137 0Æ028
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observations of wood disks, H. pseudoalbidus initially
attacks inner bark where the lesions were more extensive
and then progresses towards sapwood and then heart-
wood, gradually decreasing in size. The high prevalence
of H. pseudoalbidus-induced collar lesions in the study
area (33%) is quite surprising as these symptoms were
not widely reported in the literature, and the emergence
of ash decline was reported more recently in France than
in eastern Europe where the disease was first described
(Kowalski, 2006). It is likely that H. pseudoalbidus was
directly involved in root and stem base lesion induction
described in previous studies carried out throughout Eur-
ope (Lygis et al., 2005; Skovsgaard et al., 2010; Bakys
et al., 2011; Orlikowski et al., 2011). This collar infection
probably plays a prominent role in the sudden decline
and mortality of mature ashes in eastern France, as sever-
ity of collar lesions and decline status were significantly
correlated in the severely affected stands.

Although the pathogen was detected in all parts of trees
(from roots, collars, trunks, branches and shoots),
H. pseudoalbidus does not appear to be a vascular patho-
gen. Indeed, no connection was observed between collar
or branch lesions and trunk lesions and the pathogen was
never detected in symptomless heartwood or sapwood
samples using PCR assays. In addition, trunk lesions were
mostly observed in the vicinity of infected sprouts or
wounds. Therefore, the observed infection pattern proba-
bly arose from multiple separate infection events. Con-
trary to observations on trunks, bark lesions on collars
did not appear to be linked to the presence of infected
sprouts at the tree base. More likely, collar and major aer-
ial root infections are induced by ascospores that might
be able to infect the stem base via lenticels in the bark.
Indeed, apothecia were observed in abundance on ash
rachis present in the litter in the vicinity of the tree base as
already reported by Kowalski & Holdenrieder (2009b).
Moreover, lenticels present at the tree collar are known to
be efficient infection pathways through which spores of
pathogens can penetrate and attack hosts (Garbelotto,
2004; Jung & Blaschke, 2004). Further epidemiological
studies on the relationship between quantification of apo-
thecia and prevalence ⁄ severity of collar lesions would be
useful to confirm this hypothesis.

Moist soil conditions were favourable for the develop-
ment of collar bark lesions. These environmental condi-
tions could be suitable for survival of H. pseudoalbidus
on ash rachis in the litter and for apothecia production. In
addition, the severity of collar bark lesions was higher in
the youngest ashes, which could be linked to thinner bark
on young trees. Although H. pseudoalbidus can affect all
age classes of Fraxinus excelsior, highly infected young
ash populations are commonly reported throughout cen-
tral Europe (Skovsgaard et al., 2010). The prevalence of
collar lesions was higher in the northeastern than the
southwestern part of the study area. This disease gradient
was probably due to a more recent arrival of the pathogen
in the southwestern area. In France, the severe decline
associated with H. pseudoalbidus was indeed first
observed in the northeastern part of the study area in
2008 (Ioos et al., 2009). The higher prevalence of collar
lesions with callusing older than a year in the northeast
and the presence there of trees with 3-year-old callus are
in agreement with an earlier arrival of the pathogen and
suggest that H. pseudoalbidus was actually introduced
several years before the first report in 2008.

A high frequency of Armillaria spp., A. gallica in par-
ticular, was observed in necrotic inner bark. This com-
mon species is widespread in hardwood forests as
epiphytic rhizomorphs present on tree collars (Guillau-
min et al., 1993; Marçais & Caël, 2006). It has been
shown to induce significant lesions only on trees weak-
ened by other factors (Wargo & Harrington, 1991; Sicoli
et al., 2002; Prospero et al., 2004; Marçais & Bréda,
2006). Armillaria cepistipes and A. gallica were com-
monly found from stem bases of declining or dead
F. excelsior trees in Lithuania (Lygis et al., 2005; Bakys
et al., 2011) and Denmark (Skovsgaard et al., 2010),
respectively. Moreover, attacks of Armillaria spp. on
ashes were never observed in H. pseudoalbidus-free plots,
whereas H. pseudoalbidus was observed in one plot in
which no Armillaria spp. were present. Undoubtedly,
observed Armillaria spp. colonized tree collars weakened
by the primary pathogen H. pseudoalbidus. However,
they could play a more active role. Indeed, Armillaria and
Phytophthora species were demonstrated to interact on
oak trees infected by both pathogens to increase the dam-
age (Marçais et al., 2011). Such a phenomenon between
Armillaria and H. pseudoalbidus could accelerate the
decline process of ash trees.

In the highly infected northeastern part of the study
area, only 3% of ash trees were completely healthy, with
neither crown decline nor collar lesions. This result
would be consistent with the estimated prevalence of
resistance to H. pseudoalbidus in the Danish ash popula-
tion. Indeed, in an ash clone collection naturally infested
by H. pseudoalbidus, <5% were found to be resistant to
the disease (McKinney et al., 2011).

Introduction of the pathogen to disease-free areas by
transport of infected ash logs might be possible, as
H. pseudoalbidus infection was frequent on the ash bole
base and conidia were produced in laboratory conditions
from these lesions. Although less frequent, H. pseudoalbi-
dus was also present on the bole on infected sprouts asso-
ciated with small inner bark lesions. However, further
studies are needed to prove that infected logs can dissemi-
nate H. pseudoalbidus. The ability of conidia to germi-
nate either in vivo or in vitro has not yet been
Plant Pathology (2012) 61, 889–895
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demonstrated. Therefore, the available data do not sup-
port control of ash log trade as a quarantine measure.
However, current knowledge would suggest that trim-
ming the lower infected parts of ash logs could be sug-
gested to limit the putative dissemination risk.
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Marçais B, Caël O, 2006. Spatial pattern of the density of

Armillaria epiphytic rhizomorphs on tree collar in an oak stand.

Forest Pathology 36, 32–40.
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