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Abstract

The formation of collar rots in association with ash dieback was studied under different site conditions. The fungal com-

munity associated with lesions, necroses and stem collar rots, especially the occurrence of Hymenoscyphus fraxineus at these
symptomatic plant tissues, was investigated. Filamentous fungi and Phytophthora spp. were isolated from affected tissues of
stem collar rots of various developmental stages. Tissue samples of collar rots were collected from 32 ash trees in seven different
forest plots located in Northwest Germany. Obtained isolates were assigned to morphotypes and identified based on mycelial
morphology and by molecular methods. Primary agents causing collar rots were identified and the influence of site conditions
was derived. The studied stem collar rots were assigned to five symptomatic categories: (0) without collar rots or lesions, (1)
emerging collar rots, (2) larger collar rots without visible wood decay, (3) advanced collar rots with visible wood decay and (4)
collar rots, necroses or lesions associated with dark sap oozing. In most of the studied collar rots that were collected in Schles-
wig-Holstein and Lower Saxony, H. fraxineus was isolated and assumed to be the primary agent. From samples of category 0
neither H. fraxineus nor other fungi or Phytophthora species were isolated. From collar rots of the other symptomatic categories,
varying quantities of endophytic, saprotrophic and pathogenic species had been isolated. Overall, the number of isolated species
was higher in advanced stages of collar rot. Most common species were H. fraxineus and Neonectria punicea, followed by Di-
aporthe eres, Botryosphaeria stevensii, Gibberella sp., Fusarium solani and Cadophora sp. However, collar rots in early stages
were only associated with H. fraxineus and N. punicea. Armillaria or Phytophthora species were only isolated from advanced
collar rots or occurred under special side conditions.
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Armillaria, Phytophthora, Endophytes, Plant pathogens, Fungi

size trees were intensified by increasing numbers of collar
rots (Metzler and Herbstritt 2014). H. fraxineus is able to

Introduction

Meanwhile, ash dieback caused by Hymenoscyphus
fraxineus (T. Kowalski) Baral, Queloz & Hosoya is present
in all parts of Germany where common ash (Fraxinus ex-
celsior L.) is growing. Since 2009 a dramatic increase in
the number of infested stands and a severe disease progres-
sion has been obvious (Langer 2017). Main disease symp-
toms were necroses on leaves and twigs, which lead to
crown dieback after several years of multiple infections
(e.g. Bakys et al. 2009, Kirisits et al. 2009, Skovsgaard et
al. 2010, Gross et al. 2014, Langer et al. 2015a). Tree mor-
tality is increasing in older age classes and often connected
to stem collar necroses associated e.g. with H. fraxineus or
Armillaria root rot (Metzler 2012, Langer 2015b, Langer
2017). Disease progression and mortality in pole and timber

colonize the bases of ash stems and to infect stem tissues
(Husson et al. 2012) and causes, in conjunction with sec-
ondary fungi, basal lesions, necrosis and collar rots (Lygis
et al. 2005, Skovsgaard et al. 2010, Bakys et al. 2011, Hus-
son et al. 2012, Enderle et al. 2013, Langer et al. 2015b).
Collar rots or necroses associated with ash dieback had
been monitored in Germany (e.g. Metzler 2012, Langer
2017) as well as in other European countries (e.g. Bakys et
al. 2011, Chandelier 2015, Margais et al. 2016, Muiloz et al.
2016). Of 60 adult ash dieback-diseased trees (92-148 years
old) that were monitored in Schleswig-Holstein, 82 % ex-
hibited collar rot in the year 2012 (Langer et al. 2015a).
Chandelier (2015) reported that only 41 % of studied ne-
croses at the collar base of diseased ash trees were infected
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by Armillaria spp., while most of them (98 %) were associ-
ated with H. fraxineus.

Collar rots seem to be typical after-effects of ash
dieback and are common in young ash as well as in older
ash. They can occur on trees with or without crown symp-
toms of ash dieback (Enderle et al. 2013, Muifoz et al.
2016). Muioz et al. (2016) showed that susceptibility to-
wards collar rots seems to be genetically determined. Collar
rots may be primarily induced by H. fraxineus itself, oppor-
tunistic wood decaying fungi or other pathogens (Bakys et
al. 2011, Langer 2017, Metzler 2012). For example, in a 16-
years-old ash stand in Lower Saxony, 96% of trees were
infected by ash dieback and 6.8 % of the trees exhibited
collar rot. These collar rots and tissue lesions were partly
associated with H. fraxineus and other fungi, such as Ne-
onectria punicea (J.C. Schmidt) Castl. et Rossman, Fusari-
um solani (Mart.) Sacc., and Botryosphaeria stevensii
Shoemaker, but Armillaria species were not observed in the
diseased tissues (Langer et al. 2015a, Langer 2017). In
contrast, Armillaria spp. were assigned to be primary causal
agents of collar rot in diseased trees, e.g. Armillaria gallica
Marxm. et Romagn. in Germany (Metzler and Herbstritt
2014) and in Denmark (Skovsgaard et al. 2010), A. cepisti-
pes Velen. in Lithuania (Bakys et al. 2011) and A. gallica
and A. cepistipes in Belgium (Chandelier 2015). The asso-
ciation of Phytophthora species with root and collar rots of
mature ash trees (F. excelsior) were reported from Poland
and Denmark (Orlikowski et al. 2011). Collar rots seem to
play a major role in disease progression and imperil the tree
stability. Therefore, salvage cuttings have been necessary in
Northwest Germany since 2009 (Langer 2017).

The German temperate seasonal climate is influ-
enced by the oceanic western and the continental eastern
European climate. A distinct climatic gradient from western
to eastern parts exists, with more continental conditions and
decreasing precipitation in the east. The northwestern and
northern parts of Germany exhibit an oceanic climate with
mild winters and warm summers. Northwest Germany,
comprising the federal states Schleswig-Holstein (SH),
Lower Saxony (LS), Saxony-Anhalt (ST) and Hesse (HE),
is mainly characterized by lowland, which was essentially
shaped by the Saale und Weichsel glacial periods. The
latter led to spatially highly differentiated site conditions.
The climate is euatlantic at the coasts and atlantic to subat-
lantic from the Northern parts of Lower Saxony and
Schleswig-Holstein to the low mountain range bordering
the area in the South. The potential natural zonal vegetation
is characterized by beech forests (Fagion sylvaticae, Bohn
and Neuhéusel 2000/2003). The Northwest German High-
lands comprise areas of the low mountain range located
north of the Main River. In the year 2012, 2.4% of the total
forest area in Germany was covered by F. excelsior
(Enderle et al. 2017).
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To elucidate the formation of collar rots associated
with diseased ash trees, different development stages of
lesions, necroses and complex damaged tissues with wood
rot were studied in stands with different site conditions. The
presented study aimed to identify the primary invaders
causing collar rot, and the influence of site conditions on
the formation of collar rots and necroses. The main aim of
the study was to characterize the fungal community associ-
ated with stem collar necroses of ash trees that were dis-
eased by ash dieback, especially the occurrence of H. frax-
ineus at these symptomatic plant tissues.

Materials and methods

Forest stands

In total, seven different forest stands with ash trees
(F. excelsior) were studied. The studied forest plots were
located in three German federal states (SH, LS, HE). Ex-
cept the forest stand in LS, which was a north-eastwards
gently inclined slope in the foothill zone, all studied forest
plots were flat and located in the planar zone. In all studied
stands, F. excelsior was the dominant tree species, except
Kuehkopf-Knoblochaue (HE), which was a mixed broad-
leaved riparian forest dominated by Fagus sylvatica and F.
excelsior. Ash dieback in SH was first observed in 2002
and laboratory-confirmed in 2005, in LS in 2006 and in HE
in 2008. The presence of collar rots in the studied forest
plots were recognized in different years: plots 1-4 in Satrup
(SH): 2012, plot 5 in Nehmten (SH): 2007, plot 6 in Ku-
ehkopf-Knoblochaue (HE): 2014 and plot 7 in Stroit (LS):
2007.

Studied material

In total, stem collars of 32 ash trees that were dis-
cased by ash dieback were sampled, most of them in SH at
forest plots 1 and 2. Of interest were mainly ashes with
characteristic stem collar rots or necroses and moderate ash
dieback symptoms in the crowns. In addition, two ash trees
without distinctly obvious stem collar rots or necroses,
which were diseased by ash dieback, were sampled at forest
plot 2 (trees No. 17 and 21) and investigated. Information
about studied samples (i.e. F. excelsior trees) and locations
and site conditions is listed below:

No. 1-8: 25 years old, forest plot 1, SH, Mohrkirch,
54°40'17"N, 09°4120"E, eutrophic and weak chang-
ing moist to stagnant fresh site, leg. U. Harriehausen
and I. Krischock, 06.02.2013.

No. 9-20: 21 year old, forest plot 2, SH, Boeklund,
54°36'30"N, 09°36'15"E, well mesotrophic and weak
changing moist to stagnant fresh site, leg. U. Har-
riehausen and 1. Krischock, 06.02.2013.

© Lithuanian Research Centre for Agriculture and Forestry



G. Langer, Baltic Forestry 2017, vol. 23(1)

No. 21-22: 20 years old, forest plot 2, SH, Boeklund,
54°36'30"N, 09°36'15"E, eutrophic and fresh to
stock fresh site, leg. U. Harriehausen, 04.01.2013.

No. 23-24: 20 years old, forest plot 3, SH, Obdrup,
54°41'32"N, 09°33'18"E, well mesotrophic and fresh
to stock fresh site leg. U. Harriehausen, 04.01.2013.

No. 25: 65 years old, forest plot 4, SH, Obdrup,
54°41"25"N, 09°33'12"E, eutrophic and weak chang-
ing moist to stagnant fresh site, leg. U. Har-
riehausen, 04.01.2013.

No. 26-27: 20 years old, forest plot 5, SH, Nehmten,
54°05'15"N, 10°23'11"E, well mesotrophic and and
fresh to stock fresh site, leg. 1. Krischock,
07.02.2013.

No. 28-29: 15-20 years old, forest plot 6, HE, Kuehkopf-
Knoblochaue, 49°50'15"N, 08°23'S4"E, eutrophic
and moist, alluvial site, leg. A. Noltensmeier,
03.06.2014.

No. 30-32: 15-20 years old, forest plot 7, LS, Stroit,
51°53'52"™N, 09°51'42"E, eutrophic and fresh site,
leg. P. Gawehn and M. Pfeffer, 21.01.2015.

Sampling Method

Trees were felled with a chainsaw. The affected
stem base of each tree was collected and washed with run-
ning water. Stem parts with collar lesions, necroses and rots
were dissected in longitudinal and cross-sections and the
bark was removed. All stages of preparation were docu-
mented by photography.

Classification of Stem collar rots

The studied stem collar rots were assigned to the fol-
lowing symptomatic categories: (0) necrosis or collar rots
not distinctly visible on the tree surface; no wood discol-
ouration due to stem collar rot (Figure 1), (1) emerging
collar rots, collar necroses or lesions distinctly visible on
the tree surface but small, only several cm” in diameter;
wood discolouration only visible as a small dark brownish,
fan-like pattern in a cross section of the stem (Figure 2), (2)
large collar rots, necroses and bark lesions (a single or sev-
eral meshing necroses), were visible on the stem base sur-
face; wood discolourations were visible as dark brownish,
larger fan-like patterns and/ or other discolorations in a
cross section of the stem (Figure 3), (3) advanced collar rots
with very large necroses and bark lesions (a single or sever-
al meshing necroses); partly large portions of the wood and
the root collar were discolourated and wood rot was visible
(Figure 4), and (4) one or several collar necroses or lesions
distinctly visible on the tree surface and associated with
dark sap oozing from the margin of the necrosis; browning
of the outer layer of the sapwood; wood discolourations
were mainly peripheral, in cross-sections not visible as dark
brownish fan-like patterns but diffuse or with greenish line
of demarcation (Figure 5).
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Agar media

Four different agar media (MEA. MYP, PDA, CJ)
were used for the isolation in the detailed study of forest
plots 1 and 2, while MYP was standard medium for all
samples and CJ was standard medium for the isolation of
Phytophthora.

Malt extract agar (MEA), modified according to Langer
(1994): 20 g malt extract (Merck 1.05391.0500),
15 g agar (Fluka 05040-1KG), 1000 ml Aqua dest.

Malt yeast pepton (MYP), modified according to Langer
(1994): 7 g malt extract (Merck 1.05391.0500), 0.5 g
yeast extract (Fluka 70161-100G), 1 g pepton
(Merck 1.07272.0500), 15 g agar (Fluka 05040-
1KG), 1000 ml Aqua dest.

Potato dextrose agar (PDA): 39 g PDA FLUKA (70139-
500G), 1000 ml Aqua dest.

Carrot juice agar (CJ): modified according to Krober
(1985): 50 ml cold pressed carrot juice, 18 g agar
(Fluka 05040-1KG), 1000 ml Aqua dest.

Isolation of filamentous fungi and Phytophthora

For the isolation of fungi and Phytophthora, tissue
pieces (wood chips) were extracted from discoloured areas
in the wood. Per studied tree sample, 16 to 188 tissue pieces
(77 tissue pieces on average) were extracted with sterile
tools under sterile conditions. The number of tissue samples
depended on the size of the collar rots and necroses. Tissue
pieces were incubated on different agar media at room
temperature (ca. 22°C) and daylight. Usually, three wood
chips were placed on an agar medium in a 90 mm Petri
dish. The Petri dishes were checked visually for developing
colonies over a period of four weeks. Emerging mycelia
were sub-cultured separately on MYP. Representative iso-
lated fungal strains were kept in MYP slants at 4°C.

Identification of isolated organisms

Isolated strains were assigned to mycelial mor-
photypes (MT, Table 1) and identified by mircomorpholog-
ical characters or based on DNA sequence similarities. For
the identification of fungi, a ZEISS Axiostar plus micro-
scope was used and standard procedures for fungi described
in Lee and Langer (2012) were followed. In addition to
standard literature recommended by Oertel (2003) for de-
termination of fungi and forest diseases, the following liter-
ature was used: e.g. Booth (1971), Gerlach and Nirenberg
(1982), Butin (2011), von Arx (1981) and Domsch et al.
(1980). The names of fungal species follow Index Fun-
gorum  (www.indexfungorum.org) and  Mycobank
(www.mycobank.org).

If possible, at least one representative strain of each
morphotype was used for molecular identification, involv-
ing DNA extraction from mycelium, polymerase chain
reaction (PCR) amplification of ribosomal DNA, and DNA
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Figure 1 Collar rot category 0: ash tree 17, a) stem base, b) stump surface, c¢) longitudinal-section of stem base, with numbered isolation
loci, d) cross-section of the stem base without distinctly visible wood discolouration due to collar rots, ¢) central discolouration with
numbered isolation loci, €) Neonectria punicea, isolated from tree 3, cultured three weeks on MYP

Figure 2 Collar rot category 1: Ash tree 18, a) stem base of the living tree, b) stem surface with collar rot after washing, c¢) cross-section
of the stem base with distinctly visible wood discolouration due to the collar rot d) part of stem base with distinctly visible wood discol-
ouration due to collar rot, e) longitudinal-section of stem base, with numbered isolation locus, f) stem surface with removed bark and
visible wood discolouration due to the collar rot, g) cross-section of the stem base with distinctly visible wood discolouration due to
collar rot, h, i) Hymenoscyphus faxineus, cultured three weeks on MYP, h) isolated from tree 2 and 1) isolated from tree 4. Yellow arrows
indicate the collar rot; red arrows indicate isolation loci of H. fraxineus; blue arrow indicates an isolation locus of Neonectria punicea
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Figure 3 Collar rot category 2: Ash tree 13, a) stem base after washing b) part of a stem collar with removed bark and visible wood
discolouration due to the collar rot, c¢) cross-section of the stem base with distinctly visible, fan-like wood discolourations due to the
collar rots d) part of the stem base with removed bark and visible wood discolouration and lesions due to the collar rots, e) longitudinal-
section of stem base, with numbered isolation loci, f) cross-section of stem base halve with distinctly visible wood discolouration due to
collar rot. Yellow arrows indicate the collar rot; red arrows indicate an isolation locus of H. fraxineus; blue arrows indicate isolation loci
of Neonectria punicea; green arrow indicates the isolation locus of Cadophora sp.

Figure 4 Collar rot category 3: a-b) Ash tree 2, a) stem base after washing, b) cross-section of stem base with four, distinctly visible, fan-
like wood discolourations due to collar rots; c-g) ash tree 5, c¢) stem base after washing d) cross-section of stem base with distinctly visi-
ble, fan-like wood discolouration due to collar rot, e) longitudinal-section of stem base, f) cross-section of stem parts with distinctly
visible, fan-like wood discolouration due to collar rot g) stem surface with removed bark and visible wood discolouration due to the
collar rot, h) Flammulina velutipes, (Ac. no: KU712226). Yellow arrows indicate the collar rot; red arrows indicate isolation loci of

H. fraxineus; blue arrows indicate isolation loci of Neonectria punicea, green arrow indicates the isolation locus of F. velutipes, orange
arrows indicate isolation loci of Diaporthe eres, violet arrows indicate isolation loci of Botryosphaeria stevensii
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Figure 5 Collar rot category 4: a) left: sample 28, right: sample 29. Figure b, c, f, ¢) sample 29: b) Neonectria punicea, ascocarps, c)
collar rot with oozing sap and partly removed bark, e) brownish necrosis due to the Phytophthora-infection, and f) cross-section of stem
base with wood discolouration and greenish line of demarcation. Figure d, g) sample 28: d) a cross-section of stem base with diffuse
wood discolourations due the Phytophthora-infection and g) P. plurivora. Yellow arrows indicate the collar rot; blue arrow indicates
isolation locus of N. punicea; green arrows indicate the isolation loci of Gibberella sp., orange arrows indicate isolation loci of Fusarium
solani

sequencing. The databases at GenBank (http://www.ncbi.nl
m.nih.gov/genbank/, Altschul et al. 1997) were used to
define the identity of sequences. Intraspecific ITS similarity
for the sequenced fungi of 98-100% was used at species
level.

To proof H. fraxineus, isolated suspicious strains
were transferred to MYP medium. The mycelia were mi-
croscoped during the following days, in order to provide
evidence of the typical conidiophores and conidia of
H. fraxineus.

Molecular methods

DNA isolation, PCR and sequencing were per-
formed by the laboratory of Prof. E. Langer, University
Kassel by order and for account of the NW-FVA. From
each morphotype, 1-2 mg culture tissue was suspended in
100 wl TE buffer in a 1.5 ml-tube. A microwave (600 W)
was used twice for 1 min each, including a pause of 30 s, to
break up cells. Tubes were cooled to -20°C for 20 min. and
then centrifuged at 10000 rpm for 5 min. A 100 times dilut-
ed portion of the supernatant was used for PCR. Primer

pairs for amplification of ITS1, 5.8S and ITS2 region were
ITS1F/ITS4 or ITS1/ITS4 (Gardes and Bruns 1993, White
et al. 1990). The PCR was performed with 45 ul Master
mix from QIAGEN, Hilden, Germany and 5 pl of extracted
DNA. PCR was carried out with the primer pairs with ini-
tial denaturation at 94°C for 3 min, followed by 29 cycles
of denaturation at 94°C for 30 s, annealing at 55°C for 45 s,
and extension at 72°C for 60 s. Final elongation was per-
formed at 72°C for 7 min. PCR products were separated on
1% agarose gel stained with GelRed fluorescence dye (Bio-
tium, Hayward, CA, USA) followed by a cleaning with
QIAquick PCR Purification Kit (QIAGEN). Sanger se-
quencing of purified products (Sanger et al. 1977) was
commissioned at GATC Biotech (Cologne, Germany).
Editing of DNA sequences and alignment were performed
with MEGAG6 (Tamura et al. 2013) followed by submission
to GenBank (Table 1).
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Results

Stem collar rots

Two of the 32 studied trees had no stem collar rots
while 12.5% of trees showed stem collar rots of the symp-
tomatic category 1, 37.5% exhibited stem collar rots of the
symptomatic category 2, 37.5% showed stem collar rots of
the symptomatic category 3, and 6.25% revealed stem col-
lar rots of the symptomatic category 4. Stem collar rots of
the symptomatic category 4 were only found at the moist
riparian forest plot 6.

35 morphotypes and a few additional, nonrecurring
taxa, which were not obtained as culture or not identified
further, were isolated from the necroses and collar rots
(Table 1). H. fraxineus (MT 35) was obtained on all tested
agar media. Usually, anamorph-stages of this fungus were
observed within one or two days after transfer of mycelia
that was growing from wood chips in the original Petri
dishes to MYP agar.

From collar rots of different symptomatic categories,
varying numbers of species associated with wood discol-
ouration, rot and lesions were isolated (Table 2). In the
studied tissues of ash stems without distinctly visible ne-
croses (category 0, Figure 1), neither H. fraxineus nor other
fungi or Phytophthora species could be isolated. In the
studied emerging collar rots (category 1), only H. fraxineus
and / or Neonectria punicea had been detected and no wood
decaying fungi nor Phytophthora species were present. In
more advanced collar necrosis (category 2), Botryosphaeria
stevensi, Fusarium solani (MT 4), Gibberella sp. (MT 5)
and Cadophora sp. (MT 6) were species additional to H.
fraxineus and N. punicea, which had been isolated at least
in two of the studied trees. Advanced collar necroses or rots
of category 3 were often associated with B. stevensii, Di-
aporthe eres Nitschke (MT 3), Gibberella sp. (MT 5), the
ascomycete MT 16 and H. fraxineus and N. punicea. The
collar necroses of category 4 were caused by Phytophthora
plurivora T. Jung & T.I. Burgess and only a few additional
secondary pathogens like N. punicea, F. solani or Gibberel-
la sp. were isolated.

Frequency of isolated organisms

Most frequent species were N. punicea (MT 2, iso-
lated from 77.4 % of 31 studied trees) and H. fraxineus
(MT 35, 77.4 %) followed by D. eres (MT 3, 29 %), B.
stevensii (MT 1, 25.8 %), Fusarium solani (MT 4, 22.8 %),
Gibberella sp. (MT 5, 22.8 %), Trichoderma sp. (MT 27,
19.3 %) and Cadophora sp. (MT 6, 16.1 %). Other obtained
species were only isolated from single up to 4 trees: Di-
aporthe sp. (MT 3.1), Phomopsis sp. (MT 3.2), Xylaria
polymorpha (Pers.) Grev. (MT 7), Flammulina velutipes
(Curtis) Singer (MT 8), Basidiomycete sp. (MTs 9 and 22)
Trichothecium roseum (Pers.) Link (MT 10), Ascocoryne
sp. (MT 14), Alternaria sp. (MT 20), Ascomycete sp. (MTs

ISSN 2029-9230 10

13, 17, 24, 25, and 28), Lophiostoma corticola (Fuckel)
E.C.Y. Liew, Aptroot & K.D. Hyde (MT 29), Mortierella
sp. (MT 30), Eurotium sp. (MT 31), Coprinellus micaceus
(Bull.) Vilgalys, Hopple & Jacq. Johnson (MT 32), and
Armillaria sp. (MT 33) all with a frequency of 3.2 %;
Neofabraea sp. (MT 12), Ascomycete sp. MT 19,
Ilyonectria sp. (MT 23), Epicoccum nigrum Link (MT 26),
and Phytophthora plurivora (MT 36) with a frequency of
6.5 %; Valsa cypri (Tul.) Tul. & C. Tul. (MT 11) with a
frequency of 9.7 % and Ascomycete sp. (MT 16) with a
frequency of 12.9 %.

Discussion and conclusions

The presented study was the first research on ash dieback
and stem collar rots in north-western Germany. A large
number of young and adult ash trees that were diseased
with ash dieback and associated with collar rots were ob-
served. In most of the studied collar rots and necroses
(67%, n = 30) that were collected in Schleswig-Holstein
and Lower Saxony, H. fraxineus was isolated and assumed
to be the first colonizer in most studied tissues. This as-
sumption was motivated by the results that: 1) In the stud-
ied tissues of ash stems with emerging collar rots (catego-
ry 1), only H. fraxineus and / or N. punicea had been de-
tected, but wood decaying fungi, typical secondary fungi or
Phytophthora species were not present. N. punicea and H.
fraxineus were the most frequently isolated species. On
average, the more advanced the collar rot was, the more
species had colonized the tissue. 2) It was proven for
H. fraxineus to cause symptomatic necroses of ash bark and
cambium (Bakys et al. 2009) on stems and occasionally
also on roots or root collars (Gross et al., 2014). Several
studies confirmed a high pathogenicity of H. fraxineus
towards F. excelsior (Bakys et al. 2009, Kowalski & Hold-
enrieder 2009, Husson et al. 2011, Krautler et al. 2015,
Gross and Sieber 2016, Kowalski et al. 2017). Moreover, it
was proven that H. fraxineus is able to infect intact shoots
of ash (Kréutler et al. 2015). 3) Neonectria species are
known to be endophytes (Ceccarelli 2010, Sieber 2007).
Nevertheless, they are also able to cause necroses and ini-
tialize complex diseases as secondary plant pathogens
(Bressem 2002, Sieber 2007, Hirooka et al. 2013).

Hence, H. fraxineus is supposed to be the first colo-
nizer of collar tissues, in which only a few other fungal
species (typical secondary pathogens or endophytes like N.
punicea) had been detected and in which no wood rotting
fungi were present (categories 1-2). The hypothesis that the
collar lesions and rots of ash trees affected by ash dieback
are often caused primarily by H. fraxineus is supported by
the presented results, Langer et al. (2015b and 2017) and by
Chandelier (2015).

N. punicea, which is a species with Cylindrocarpon
Wollenw. anamorphs, was the most common species
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Table 1 Isolated Morphotypes and NCBI GenBank Blasting information for isolated strains and the closest blast matches (Frequency =
Frequency of occurrence in % of studied 31 trees; A = anamorph)

< Taxon name NCBI GenBank BLAST check 05./08.02.2015
= + GenBank GenBank Sequence Source
o) o > = o
S Q. accession taxon ID 2 o w
S s 2 8 o
o 1] o No. = = o
£ L s 2 TE T 3
= [y i [ S &0
1 25.8 1 6  Botryosphaeria  KU712211 Diplodia mutila KF766158 99 92 Slippers et al. (2013)
stevensii, A:
Diplodia mutila
2 77.4 2 14  Neonectria KU712212  Neonectria punicea  HM534901 99 99 Jacklitsch and
punicea, A: Voglmayr (2011)
1 5 Olindrocarpon  y712213  N. punicea 1268768 99 100 Zhaoetal. (2011)
album, syn.
. N. confusa KM515889 99 98 Lombrad et al.
Neonectria ( blished)
confusa unpu
Neonectria sp. JF268760 100 99 Luo and Zhuang
Neonectria sp. FJ560437 100 99  (2010)
3 29.0 1 5  Diaporthe eres KU712214 Diaporthe eres EU571099 100 97 Kacergius and Jovai-
siene (unp.)
1 13 KU712215 D. cotoneastri KC843328 100 100 Udayanga et al.
(2014)
D. eres JF430493 100 99 Petrovic et al. (unp.)
5 27 KU712216 D. cotoneastri KC843328 100 97 Udayanga et al.
2014
D. eres JF430493 100 97 Petrovic et al. (unp.)
5 26 KU712250 Diaporthe KC145903 100 99 Johnston and Park
cotoneastri (unp.)
D. eres JF430493 99 99 Petrovic et al. (unp.)
3.1 3.2 2 9  Diaporthe sp. KU712217  Diaporthe viticola KC145904 99 99 Johnston and Park
MT 3.1 D. viticola KC145906 100 96  (unp.)
3.2 3.2 5 26 Phomopsis sp. KU712245  Phomopsis colum- KC145883 99 99 Johnston and Park
MT 3.2 naris (unp.)
Phomopsis sp. KF428571 100 92 Bonito et al. (unp.)
4 22.6 1 4 Fusarium solani  KU712218  Fusarium solani F1478128 99 97 Jiang et al. (unp.)
5 26 KU712219 F. solani F1478128. 100 99
5 22.6 5 10 Gibberella sp. KU712220 Fusarium lateritium  AF310980 100 100  Schuett et al. (unp.)
MT 5
6 16.1 1 1  Cadophora sp. KU712221 Cadophora luteo- HM116747 99 100 Johnston et al.
MT 6 olivacea (2010)
2 13 KU712222  Cadophora sp. HM116752 100 100 Johnston etal.
(unp.)
C. malorum KT358982 93 100 Diaz et al. (unp.)
2 15 KU712223 C. luteo-olivacea HM116747 99 99 Johnston et al.
(2010)
7 3.2 1 2 Xylaria poly- KU712224  Xylaria polymorpha  KF897015 99 89 Ma and Lei (unp.)
morpha X. polymorpha GU322460 98 93 Hsieh et al. (2010)
1 2 KU712228 X. polymorpha KF897015 99 89 Ma and Lei (unp.)
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3.2 1 5  Flammulina KU712226  Flammulina ve- AF051700 99 96 Hughes et al. (unp.)
velutipes lutipes var. long-
ispora
F. velutipes KM668876 99 93 Senik et al. (2015)
9 3.2 1 Basidiomycete MT 9, not further identified , no ITS product
10 3.2 1 Trichothecium roseum, no ITS product
11 9.7 1 8  Valsa cypri KU712230 Valsa cypri KT004557 99 89 Kowalski et al.
A: Cytospora (unp.)
pruinosa Cytospora pruinosa  EU552121 95 99 Marincowitz et. al.
(2008)
2 10 KU712235 V. cypri KT004557 99 88 Kowalski et al.
(unp.)
Cytospora pruinosa EU552121 95 100 Marincowitz et. al.
(2008)
12 6.5 2 15 Neofabraea sp.  KU712232  Neofabraea mali- AF141189 99 98 Abeln et. al. (2000)
MT 12 corticis
N. inaequalis KR859081 99 98 Chen et. al. (2015)
N. alba KJ396074 99 100  Cameldi et al. (unp.)
2 15 KU712233  N. malicorticis AF141189. 99 99 Abeln et. al. (2000)
12 KU712234  N. malicorticis AF141189 99 99
13 3.2 8  Ascomycet sp. MT 13, not amplified
14 3.2 2 10 Ascocoryne sp. KU712235  Ascocoryne sar- GQ411510 100 99 Fukami et. al. (2010)
MT 14 coides
15 3.2 15 Basidiomycete KU712239  Phlebia sp. KP135360 100 93 Floudas and Hibbett
15 MT21 KU712238 (2015)
16 12.9 1 7  Ascomycete KU712236  Helotiales sp. GU934595 99 99 Bakys et al. (2011)
MT 16 Neobulgaria sp. KR072504 88 100  Arhipova et al.
(2011)
Neobulgaria pura HMO051080 88 98 Wu et al. (unp.)
2 27 KU712237 Helotiales sp. GU934595 99 100 Bakys et al. (2011):
N. pura HMO051080 89 98 Wu et al. (unp.)
17 3.2 2 12 Ascomycete KU712240 Phaeomollisia LN714584 99 96 Vetrovsky et al.
MT 17 piceae (unp.)
Phialocephala sp. FJ903362 99 88 Arhipova et al.
(2011)
Phialoceph. fortinii AB671499 94 99 Kiyuna et al. (2012)
19 6.5 2 20 Ascomycetesp. KU712246 Sclerostagonospora  KR611890 99 99 Crous et al. (2015)
MT 19, Sclero- cycadis
stagono-spora
cycadis
20 3.2 2 12 Alternaria sp., not amplified
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22 3.2 5 27 Basidiomycete KU712241  Psathyrella panaeo- KC992894 99 97 Larsson and Oersta-
MT 22, Psathy- loides dius (unp.)
rella panaeoloi-
des
23 6.5 27  llyonectria sp. KU712242  Ilyonectria robusta JF735264 100 99 Groenewald et al.
26 MrT23 KU712243  |I. europaea JF735294 100 99  (2012)
I. robusta JF735264 99 98
24 3.2 32 Ascomycete sp. MT 24, not amplified
25 3.2 32 Ascomycete sp. MT 25, not amplified
26 6.5 2 19  Epicoccum nigrum, not amplified
27 19.3 Trichoderma sp. MT 27, not obtained in culture, not amplified
28 3.2 1 1 Ascomycet sp. KU712244  Sydowia polyspora KF993419 100 93 Garzoli (unp.)
MT 28 Pyrenochaeta aci- KT309815 100 88 Johnston and Park
cola (unp.)
29 3.2 2 10 Lophiostoma KU712227 Lophiostoma corti- KT004559 100 95 Kowalski et al.
corticola cola (unp.)
30 3.2 5 27  Mortierella sp. KU712228  Mortierella verticil- KF944471 100 96 Zhao (unp.)
MT 30 lata
31 3.2 7 31  Eurotium sp. KU712229  Eurotium sp. KF367488 100 100 Oliveira et. al.
MT 31 (2015)
32 3.2 1 6  Coprinellus KU712252  Coprinellus mica- EU436684 99 100 Miles et al. (2012)
micaceus ceus
33 3.2 5 26  Armillaria sp. KU712248  Armillaria gallica KP960530 99 99 Tizzani et al. (unp.)
MT 33 A. cepistipes AB510862 99 99 Hasegawa et al.
(2010)
KU712247  A. cepistipes GU934598 99 100  Bakys et al. (2011)
A. bulbosa EU784165 99 100 Brock et al. (2012)
A. gallica KP162313 99 100  Guo (unp.)
35 71 1 2 Hymenoscyphus KU712251 Chalara fraxinea GU797159 100 99 Rytkonen et al.
fraxineus (2011)
36 6.5 6 28 Phytophthora plurivora, two strains, identified by Marco Thines, Frankfurt via sequencing analysis

associated with the studied collar necroses, except for H.
fraxineus. It was isolated at all sampled forest plots, in
77.4 % of the collar rots and even if H. fraxineus was not
found in the studied tissues. The native species N. punicea
is distributed in Europe (Austria, France, Germany,
Scotland, Slovakia and Switzerland), in North America
(United States), and in Asia (China, Japan). So far,
ascocarps were found on dead woody substrates of Acer
macrophyllum, Acer sp., Frangula alnus, Fagus
grandifolia, F. sylvatica, Prunus x yedoensis, Quercus

crispula, Rhamnus fallax, Rhamnus sp., and Ulmus sp.
(Hirooka et al. 2013). Until now, N. punicea was not rated
as wood-inhabiting fungus in stems of F. excelsior (Lygis
et al. 2005) and was only mentioned by Langer et al.
(2015b) and Langer (2017) as species associated with stem
collar rots in north-western Germany. Neonectria spp. have
not been found to be associated with visually healthy
shoots, necrotic shoots (Bakys et al. 2009) or with rotting
roots (Bakys et al. 2011) of ash trees that were diseased by
ash dieback in Lithuania. Moreover, Neonectria spp. have
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Table 2. Isolated Organisms from stem collar rots (n = 32 studied F. excelsior trees)
o 3 S c
st % 5 ¢ § &% (Worehetypes) 238 8 &s53
0 1 17 - - - - 0 0 0
0 2 21 - - - 0
1 2 11 - - - 2 0 1 1.8
1 2 14 + - - 2 0 2
1 2 18 + - - 2 0 2
1 3 24 + - - 2 0 2
2 1 1 + - - 2,6,28 0 4 5.1
2 1 3 + - - 2 0 2
2 1 4 + - - 1,2,4 0 4
2 2 9 + - - 2,31 0 3
2 2 12! + - - 6,12,17,19, 20, 1X 0 7
2 2 13 + - - 2,6 0 3
2 2 14 + - - 2,6,11,3X 0 7
2 2 20 + - - 1,2,19,27 0 5
2 3 23 + - - 2,5,26,27,3X 0 8
2 2 22 + - - 2,5,3X 0 6
2 7 30 + . . 4, 4X 0 6
2 7 31 - - - 1,3,4,31,2X 0 6
3 1 2 + - - 2,7,10 1 4 6.6
3 1 5 + - - 1,2,3,8,27 1 6
3 1 6 + - - 1,2,3,27,32 1 6
3 1 7 - - - 1,2,3,9, 16, 1X 1 7
3 1 8’ - - - 1,2,3,11,13,16 0 6
3 2 19 + - - 2,5, 16, 26, 27 0 6
3 2 10 + - - 2,3,5,11,14, 29 1 7
3 2 15 + - - 2,3,5,6,12,15,2X 1 9
3 4 25 + + - na 1 na
3 5 26 - + - 1,2,3,3.2,23,27,1X 1 8
3 5 27 - - - 3,4,16,22,23,30 2 6
3 7 32 + - - 23, 4,24,25,2X 0 7
4 6 28 - - + 2,4,5 0 4 3,5
4 6 29”" - - + 4,5 0 3

+ =isolated; - = not isolated / detected; X = species unidentified or strains not obtained in pure culture; na = not applicable, or not
tested; 1) Stem base with an additional central discoloration of the wood beside the collar necrosis; 2) stem collar had a secondary
infestation with bark beetles; 3) Ascocarps and anamorph-stages were visible on the tree surface; *) anamorph stages were visible

on the tree surface; *) MT 36 = Phytophthora plurivora.
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not been detected as foliar endophytes of F. excelsior in a
floodplain forest in eastern Germany (Scholtysik et al.
2013) nor as endophyte of F. excelsior in New Zealand
(Chen 2011).

In collar rots of advanced developmental stages that
were not colonized by H. fraxineus, mainly wood decaying
fungi (e. g. X. polymorpha, F. velutipes, or Armillaria sp.),
llyonetria sp. or Phytophthora species have been suggested
to be the causing agents. The infection with Phytophthora
was considered to be a primary attack, because species of
this genus can actively infect healthy plant tissue. P. pluri-
vora, isolated from trees in Hesse, is an aggressive soil-
borne plant pathogen, with worldwide distribution and a
wide host range of tree species (Jung and Burgess 2009).

Except P. plurivora and Armillaria sp., most of the
isolated fungi were assumed to be secondary colonizers of
ash tissue necroses and were less frequent than H. fraxineus
and N. punicea. Common species on dying stems and twigs
of ash, such as Cytospora pruinosa (Fr.) Sacc. (teleomorph
Valsa cypri), Diaporthe eres, Diplodia mutila (Fr.) Mont.
(teleomorph B. stevensii), Fusarium avenaceum (Fr.) Sacc.,
F. lateritium Nees and F. solani (Kowalski et al. 2017)
were frequently isolated, but only in advanced collar ne-
croses or rots (categories 2-4).

The third common isolated species was D. eres with
a frequency of 25.8%. Kowalski et al. (2017) suggested that
this plant pathogen has significantly lower capacity than
H. fraxineus, B. stevensii or V. cypri to cause necroses on
F. excelsior. D. eres was often reported as common endo-
phyte in symptomless stems and twigs of F. excelsior, but
is considered as a weak pathogen (Kowalski et al. 2017).
D. eres is known from more than 60 host species, e.g. Frax-
inus in the Netherlands, in Scotland, and in Germany
(Gomes et al. 2013). It is synonymizied with Phomopsis
cotoneastri Punith. and its current name is P. velata (Sacc.)
Traverso according to Index fungorum. Other Phomopsis-
like species (MT 3.1 and 3.2) were associated with samples
of category 1 necroses. Diaporthe viticola Nitschke, which
is the closest blast match for the isolated MT 3.1, was iso-
lated of initial necroses from shoots in declining ash (Bakys
et al. 2009). It is known to colonize various hosts, especial-
ly grapevine, in which it causes the cane spot disease
(Gomes et al. 2013). Phomopsis spp. were consistently
found in healthy and necrotic shoots of declining ash in
Lithuania (Bakys et al. 2009).

B. stevensii was isolated from the necrotic tissues of
25.8% of 31 studied trees (categories 1-3). According to
studies of (Kowalski et al. 2017), B. stevensii was the sec-
ond most pathogenic fungus, after H. fraxineus. It was one
of the most frequently isolated species from healthy and
necrotic ash shoots (Bakys et al. 2009), but not detected in
rotting ash roots (Bakys et al. 2011). Furthermore, it was
frequently associated with dieback and canker diseases of
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oak, but also occurred on several other deciduous or conif-
erous trees (Correia et al. 2004).

F. solani and Gibberella sp. were both isolated from
the studied necrotic tissues (categories 2-4) with a frequen-
cy of 22.6%. F. solani, F. avenaceum and F. latericium
were common species on dying stems and twigs of ash in
Poland (Kowalski et al. 2017). However, in other studies,
F. solani and F. avenaceum were not obtained from the root
system of declining F. excelsior (Bakys et al. 2011), from
healthy or necrotic shoots (Bakys et al. 2009) or from
healthy leaves of ash (Scholtysik et al. 2013). F. solani and
strains similar to MT 5 were demonstrated to be secondary
pathogens on Acer (Langer et al. 2013). F. latericium, how-
ever, which is the closest blast match for the isolated Gib-
berella species (MT 5), was isolated in initial and advanced
necroses from shoots in declining ash (Bakys et al. 2009)
and as a foliar endophyte in ash (Scholtysik et al. 2013).
F. avenaceum and F. lateritium are known as common
endophytes in symptomless stems and twigs of F. excelsior.
The intensity of induced necroses caused by F. avenaceum
was low and those caused by F. solani or F. lateritium were
statistically similar to the control (Kowalski et al. 2017).

Valsa cypri and Neofabraea sp. were associated with
few samples of necroses of categories 2-3. Valsa Fr. species
are linked to Cytospora Ehrenb. Fr.-anamorphs have a
world-wide distribution and are saprobes or pathogens on
various woody hosts (Spielman 1985). V. cypri is growing
on Oleaceae, e.g. Fraxinus sp. (Spielman 1985). It was also
isolated from visually healthy ash shoots (Bakys et al.
2009). According to Kowalski et al. (2017), V. cypri is the
tested third most pathogenic species after H. fraxineus, to
cause necrotic lesions on ash. Species of Neofabraea H.S.
Jacks. are known to belong to the fungal community of
F. excelsior (Chen 2011), but had not been isolated from
healthy or necrotic ash tissues by Bakys et al. (2009, 2011).
Neofabraea vagabunda (Desm.) Rossman is causing coin
canker of ash (Fraxinus spp.) in North America (Putnam
and Adams 2005).

Sporadically, various ascomycetes, e.g. Cadophora
sp, Epicoccum nigrum, Ascocoryne sp., Lophiostoma corti-
cola (Fuckel) E.C.Y. Liew, Aptroot & K.D. Hyde and
Ilyonectria sp., were isolated from advanced collar rots. A
species of the plant pathogenic genus Cadophora was
found in roots of declining F. excelsior, too (Bakys et al.
2011). E. nigrum was among the most frequently isolated
fungi from healthy and necrotic shoots of declining ash
(Bakys et al. 2009) and healthy ash leaves (Scholtysik et al.
2013). L. corticola was also isolated from healthy ash
shoots in New Zealand (Chen et al. 2011). llyonectria
radicicola (Gerlach & L. Nilsson) P. Chaverri & Salgado
was obtained from root rots of ash trees that were diseased
by dieback (Bakys et al. 2011) and was among the most
common isolated species in that study.
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Moreover, wood decaying fungi, such as the asco-
mycetes Xylaria polymorpha, Ascocoryne sp. and MT 16
and some basidiomycetes, e.g. Armillaria sp., Flammulina
velutipes, Coprinellus micaceus, were obtained from ad-
vanced rots only. Xylaria species are belonging to the en-
dophytic fungal community of F. excelsior (Chen 2011,
Scholtysik et al. 2013) and were among the most common
isolated species in the studied rotten ash roots in Lithuania
(Bakys et al. 2011). Armillaria species were very often
associated with root and collar rots of dieback diseased
trees, as mentioned before (e.g. Bakys et al. 2011). Usually,
as opportunistic pathogens, A. gallica and A. cepistipes are
able to attack stressed trees (e.g. Entry et al. 1986, Lygis et
al. 2005, Skovsgaard et al. 2010) and to cause white rot. In
general, A. cepistipes has a pronounced saprophytic life
cycle (Wahlstroem 1992), but it was apparently the most
pathogenic of all tested fungi obtained from rotting ash
roots in Lithuania (Bakys et al. 2011). F. velutipes, which
causes white rot, is a typical stump-rotting basidiomycete
and frequently occurs as a secondary damaging agent.
Coprinellus disseminatus (Pers.) J.E. Lange and other white
rotting basidiomycetes, such as Phanerochaete P. Karst. or
Pholiota (Fr.) P. Kumm. species, were isolated by Bakys et
al. from decaying ash roots (2011) and necrotic shoots
(2009).

Summing up, collar necroses and collar rots are typ-
ical but not obligate after-effects of ash dieback. They can
be caused by opportunistic wood decaying fungi on dis-
eased trees or by primarily causing agents like Phytophtho-
ra species or the pathogen of ash dieback itself. In more
advanced necroses and rots (categories 2-3), several species
were isolated in addition to the causing agent H. fraxineus,
such as typical bark and wood-decaying or wood-inhabiting
fungi, which are known to belong to the fungal community
of ash, e.g. A. cepistipes, Coprinus disseminatus, Phlebia
sp., Psathyrella candolleana (Fr.) Maire, Alternaria alter-
nata (Fr.) Keissl., Ascocoryne sarcoides (Jack.) Grov. &
Wils., B. stevensii, Diaporthe sp., E. nigrum, F. latericium,
Gibberella avenacea R. J. Cook, Lophiostoma sp., Phialo-
phora species, Phomopsis sp., and Xylaria ssp. (Lygis et al.
2005, Chen 2011) or leaf-inhabiting endophytic fungi of
F. excelsior, e.g. Alternaria sp., E.nigrum Link,
F. lateritium, L. corticola, Phomopsis sp. and Xylaria sp.
(Scholtysik et al. 2013).

Collar necroses on ash at different sites are caused
by various pathogens, e.g. H. fraxineus in Schleswig-
Holstein and Lower Saxony (ibid), Armillaria gallica in
Germany (Baden-Wuerttemberg (Metzler and Herbstritt
2014) and in Denmark (Skovsgaard et al. 2010) and
A. gallica, A. cepistipes and Phytophthora in Belgium
(Chandelier 2015). An association of Phytophthora species
with root and collar rots of mature ash trees, as documented
in Hesse, was also described for Denmark and Poland,
where the pathogen led to a decline of F. excelsior (Or-
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likowski et al. 2011). The studied stem collar necroses from
Hesse were not associated with H. fraxineus. These affected
trees grew in a floodplain forest, a riparian life zone of back
water of the River Rhine with eutrophic, moist soils. The
forest stands in north-western Germany, where Armillaria
was isolated from collar rots in diseased ash trees, are char-
acterized by eutrophic to well mesotrophic and weak
changing moist to stagnant fresh or fresh to stock fresh
soils. The association of collar rots with Armillaria spp. is
not obligatory linked with an attack by H. fraxineus to the
stem collar. Like other wood decaying fungi, Armillaria
spp. can be soil-borne, opportunistic pathogens on ash trees
that are weakened (e.g. by ash dieback).

For H. fraxineus, A. alternata, B. stevensii, D. eres,
E. nigrum, Phomopsis sp. and V. cypri, the ability to cause
symptomatic necroses in bark and cambium was proven
(Bakys et al. 2009, Kowalski et al. 2017). It is also known
that A. cepistipes can cause discolorations in functional
sapwood of ash (Bakys et al. 2011). It remains unknown, if
N. punicea itself is able to primarily cause wood discol-
ourations or stem collar necroses. Further studies seem to
be necessary to solve this problem.
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