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Abstract — Within the years 2005 to 2007 several declining and recently died beech trees (Fagus
sylvatica L.) were investigated in a large city park in Dresden (Southern East Germany). The
ascomyceté&nnulohypoxylon cohaerenshich was exclusively characterized as a saprophytic fungus

by literature so far, had been identified as a conspicuous cause of the disease. The symptoms of the
infection (changes of crown architecture and crown transparency, bark necroses), the morphological
and physiological characteristics of the fungusitu andin vitro (e. g. characteristics of fruit bodies,
growth rate, colour and pattern of colonies, presence and structure of asexual reproductive states,
potency and strategy of wood decomposition) as well as the factors of predisposition are presented in
the article. SincéA. cohaerensttains pathological importance and can be mistaken for some other
ascomycetes, the distinguishing marks to related species (Kretzschmaria, deustihypoxylon
multiforme Hypoxylon fragiformg are described. The significance of the fungus is evaluated for
practice.

Annulohypoxylon cohaerens / Fagus sylvatica / vigour reduction / differential diagnosis / wood
decay / pathogenicity test

Kivonat — A Fagus sylvatica L. Annulohypoxylon cohaerens (Fr.: Fr.) Y. M. Ju, J. D. Rogers &

H.-M. Hsieh tomlésgomba altali figyelemremélté pusztuldsa és korhadasad 2005 - 2007
években szamos pusztuld, vagy frissen pusztult bukkfat (Fagus sylkgtamasgaltunk Drezda egyik
varosi parkjaban (Délkelet-Németorszag). Az irodalomban mostandig kizarolag szaprotrofként
jellemzettAnnulohypoxylon cohaeretdmiésgombat a betegség fet okozéjaként azonositottuk. A
cikkben bemutatjuk a feizés tlineteit (a koronaszerkezet valtozasa, koronagyeériilés, kéregnekrézis), a
gomba morfoldgiai és fiziol6giai sajatossagaitsitu ésin vitro (a terndtestek jellege, ndvekedési
Utem, a telepek szine és mintazata, ivartalan szaporodasi alakok megléte és felépitése, faanyagbont6
képesség és stratégia), valamint a hajlamosité tékgezMivel a patoldgiai jeletisédivé vald A.
cohaerenskdnnyen Osszetéveszthetdbb mas tonfisgombaval, ismertetjik a rokon fajoktdl valo
megkllonboztét bélyegeket (Kretzschmaria deust@nnulohypoxylon multiforme Hypoxylon
fragiforme. A gomba gyakorlati jelefiségét értékeljik.

Annulohypoxylon cohaerens / Fagus sylvatica / legyenguilés / diagnozis / korhadas / patogenitasi teszt
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1 INTRODUCTION

In the year 2004 several 45 to 130 years old béexds in a large city park in Dresden
(Southern East Germany) showed a drastic lost gburi These trees manifested a
noteworthy retarded sprout in spring, reduced snétlliage as well as a strong blossom and
fruit production Figure 1). Some of the trees already had died in sprirdylead to be cut
down for security reasons in autumn of 2005. Ingasibns on the fresh cut stumps and
trunks showed an extended wood decay especiatheisapwood of the treeBigure 1). On
the bark of dead trees as well as on sufferingsblliliving ones masses dfuit bodies of an
ascomycete were foundrigure 2. Those were located on the lower part of the Kyun
extending up to 4 meters height. Other fungi oiseauor the disease could not be found.

- Figure 1. Crown symptoms of diseased beech tre&} énd
fresh cut stump with extendddcay in the sapwood (right)

- i .:. P iy .'.‘. 2 g
Figure 2. Butt base of a diseased beech tree withtdodies of Annulohypoxylon cohaerens (left)
and microscopic details (cross-section) of the aexeproductive state (perithecium)
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2 MATERIALS AND METHODS

Field investigations were conducted in spring (Bpnd in autumn (November) of the year
2005. First of all the percentage of the damagedadready died trees were surveyed and the
vitality of the still living trees evaluated. Frbdies of the fungus had been taken from all
infected trees for further laboratory work.

The diagnosis of the collected fruit body sampled solated single spore cultures were
carried out with the aid of different keys (Munk5I® Miller 1961, Jahn 1967, Greenhalgh -
Chesters 1968, Jong 1970, Breitenbach — KranzlBd 1®etrini — Petrini 1985, Petrini —
Muller 1986, Ju — Rogers 1996) using several chal®i¢KOH, Melzer's reagent) and
comparing cultures of the own institute. Macroscoand microscopic investigations took
especially place in order to distinguish the moipgizally and physiologically similar
ascomycetesAnnulohypoxylon cohaerensA. multiforme Hypoxylon fragiforme and
Kretzschmaria deustdn this process the structure and colour of fhotlies, texture and
dimension of perithecia and ascospores, patterngaowth rate of cultures over a range of
different temperatures (5, 10, 15, 20, 25 and 3@&C)vell as the formation and morphology
of anamorphs had been studied. Cultivation of tesl@ccurred on 2% Malt-Extract-Agar. In
addition, physiological characteristics were obddirffrom the agent (enzymatic reaction in
Guaic- and Tannin-Agar [Bavendamm 1929] and potesficwood decomposition). Cubes
from healthy beech trees (sapwood and heartwoo@Dof 20 x 45 mrhsize were cut and
successively dried (T = 105°C), weighted, moisteagdin and sterilized (T = 121°C). In
each case one cube of sapwood and one of heartwer placed onto Malt-Extract-Agar
and incubated at 25°C for 50 and 100 days, resmdgtiAt the end of the experiment cubes
were superficially cleaned with 70%:50H and dried again at 105°C. The differences of
weights were noted. Wood decomposition was veriisb by histological studies cutting
naturally and artificially infested beech wood sBcof 20 um thickness in the radial-,
tangential- and cross-section-area. Cuttings weyented in 3% Safranin, 1% Auramin and
2% Methylene blue solution in order to accentuatedecomposition of cellulose or lignin.

3 RESULTS AND DISCUSSION

3.1 Differential diagnosis

All during the field investigations obtained frdibdies could be assigned to the ascomycete
Annulohypoxylon cohaerenshe fungus is not very frequent in Germany. Ind®g, where

the investigations took plac@, cohaerenss even fixed in the “red list” as a missed spgcie
(Landesamt fur Umwelt und Geologie 1990). The lavowledge about the fungus and its
similarity to some other related ascomycetes casilyedead to wrong diagnoses. Under
consideration of host species and macroscopic signgohaerenscould be especially
mistaken for Kretzschmaria deustar for Annulohypoxylon multiformeK. deustaand

A. multiformecreate likeA. cohaerengregarious, confluent fruit bodies, which are diddo
pulvinate with a coarse or waved surface, dark bréavblack. In addition, some confusion
with Hypoxylon fragiformemay be possible because of the very similar yocimgstnut-
brown gregarious fruit bodies (presence of anang)rgtil named ascomycetes are well able
to grow on beech as host tree and their differgatiaby signs is difficult. Therefore it could
be useful to have additional distinguishing datasiBe the characteristics of ascospores and
fruit bodies, the way of living (parasite or sapmgge), particular seasonal details or further
characteristics (e.g. growth rate, production openfect reproductive states) can be helpful
for determination of the specied.(Figure 3 - Table L
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Figure 3. Gregarious fruit bodies of selected marpigically and
physiologically similar ascomycetes on beech: a)lAohypoxylon cohaerens,
b) A. multiforme, c¢) Hypoxylon fragiforme, d) Kiethmaria deusta

Table 1.  Distinguishing marks of selected morphiglaity and physiologically similar
ascomycetes on beech

Way of living Characteristic particularities
Scientific Name  Sapro- Para- . . ,
. macroscopic microscopic seasonal
phyte site
Annulohypoxylon + (+) gregarious fruit brown to dark brown surface of young

cohaerens

Annulohypoxylon +

multiforme

Hypoxylon +
fragiforme

Kretzschmaria + +
deusta

bodies, adnate to
confluent, stroma
inside brown to
black

gregarious fruit
bodies, adnate to
confluent, stroma
inside brown to
black

gregarious fruit
bodies, buhot
adnate to confluent
stroma inside brown
to black

gregarious fruit
bodies, adnate to
confluent, stroma
insidewhite to grey

spores of 9 to 12 umfruit bodies reddish
length and 4 to 6 pmto chestnut-brown,
width and with discolours

straight germ slit vinaceous in KOH
spore-length

brown to dark surface of young
brown spores of  fruit bodies reddish
9to 12 um length to chestnut-brown,
and 4 to 5 um width does not discolour
and withstraight vinaceous in KOH
germ slit less than

spore-length

brown, irregular surface of young
ellipsoid spores of fruit bodiesrust,

10 to 15 um length bay, brick or

and 5 to 7 um width orange-red

brown, ellipsoid young fruit bodies

spores oR5to 35  orincremental zone

pm lengthand white to grey in

7 to 8 um width spring, surface of
older fruit bodies
carbonaceous and
brittle
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3.2 Culture marks

In regard to the characteristics in pure cultuadtéon and growth rate) most similarities can be
ascertained foA. cohaerensindH. fragiforme(Figure 4. Cultures of both ascomycetes create a
moderate aerial mycelium of initially white andelatyellowish or reddish-brown, sometimes
olive-coloured colouring. Growth rates of both speare high (optimum oA. cohaerensat
25°C: 5.7 mm/d and df. fragiformeat 30°C: 5.5 mm/d), but growth is not considersaifioumly
concentricK. deustais distinguished from the previously compared msebecause of its more
opulent and strictly white mycelium with the exgeptof creating sclerotic regions in advanced
age. Between the studied fuhgideustehas had the lowest growth rate (maximum: 3.7 mat/d
25°C). Culture periphery grew equallyAocohaerenandH. fragiforme The aerial mycelium of
A. multiformeis only slightly distinctive. Its grey-brown toey-black colouration and its growth
show a high uniformity. This fungus already achgeie optimal growth at 20°C (6.1 mm/d) and
has therefore a more psychrophilic behaviour (gnoate at 30°C just 0.18 mm/d).

Differentiation of the species can also be effeddgdcomparing asexual reproductive
states. EspeciallyH. fragiforme but also A. cohaerensformed opulently imperfect
reproductive states within 14 days on Malt-Extragar (2%). The formation of anamorphs
of A. multiformewas very low and even absent Kardeusta The asexual reproductive states
of the related ascomycetes are assigned to diffgmrera (Greenhalgh — Chesters 1968, Jong
— Rogers 1972, Petrini — Petrini 1985, Petrini —II81i1986). According to the actually
available literaturéd. cohaerengandA. multiformeform an imperfect state which belongs to
the Virgariella-type, the conidiogenous structure Af fragiformeis Nodulisporiumlike and
that ofK. deustas Hadrotrichumilike.
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Figure 4. Growth rate of morpholigically and phyleigically similar ascomycetes on beech

3.3 Wood decay

Tests according to Bavendamm (1928) resulted pesitir all 10 tester strains cultivated on
Tannin-Agar concerning the enzyme oxidase reactimthe other hand on Guaic-Agar the
evidence of extra cellular enzymatic activity was provided.

The artificial inoculation of beech sapwood andrtwaod samples demonstrated the
potency ofA. cohaerenso decompose wood. After 50 days the averagedbsgeight was
2.6% in the sapwood and 2.1% in the heartwood dsasel.2% in the sapwood and 3.3% in
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the heartwood after 100 daysdure 5. ThereforeA. cohaerenseems to be comparable with
K. deustain relation to its wood-decaying impact. Schwa{¥895) noticed a loss of weight
by K. deustaof 4.6% after 85 days and Baum (2001 [a, b]) afuldl0% after 100 days on
artificially infected beech wood.
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Figure 5. Wood decomposition by A. cohaerens afiaally infested beech wood

Microscopic analysis of the artificially and natllyanfected material in reference to the
strategy of spread and the establishment in woasbue confirm the analogy between
A. cohaerenandK. deustaFigure 6).

Figure 6. Establishment and decay by A. cohaemremsiurally infested beech wood.
Creation of cavities and destruction of the seconaealls (left) and
demarcations of pseudosclerotic plates (right)
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Hyphes grow mainly in the secondary cell walls eonbg cellulose where the
enzymatic wood corrosion leads to cavities (moudertype). In consequence of the
progressive decay (fusion of increasing holes) wWiele secondary wall will finally be
decomposed. To spread from cell to cell hyphesrgiyneenetrate bordered pits. (Nilssetnal.
1989, Schwarze et al. 1995, Schwarze et al. 199® K. deustahe fungus forms a distinct line
of pseudosclerotic plates in decaying wood to bearséed from healthy wood tissue or
antagonistic fungi (Schwarze et al. 1993, Schwerz. 1999).

4 CONCLUSIONS

Up to now the rapid decline of older beech treegs tlu infection by the ascomycete
Annuloypoxylon cohaerersan be seen as an exception. In Germany the fudges not
occur very frequent, it is more often found in Bwan countries with stronger Atlantic
influenced climate (Ireland, Great Britain and FE@n UsuallyA. cohaerenssettles only
saprophytic on beech wood, rarely it results asaknparasite on trees suffering from beech
bark disease (Munk 1957, Ju — Rogers 1996, SinclaiLyon 2005). However, its
aggressiveness and rate of spread in living beeels tecorded in a large city park in Dresden
can be considered as parasitic. Infections effeatigitbut anthropogenic predisposition and
caused mortality within a few years. Furthermdecohaerenss able to cause an extended
decay particularly in the sapwood, which belonggh®mouldering type.

Nevertheless by means of data is supposed that abiotic influences led infested trees
to a certain predisposition. While inundating bg tiver Elbe in 2002 some parts of the park
were also flooded and had therefore increased gwoater levels for weeks. The following
extreme hot and dry summer in 2003 aggravated Hysiglogical stress of the trees. In
connexion with the discussed climate change (énaeasing temperatures, decreasing of
precipitation and concentration of climatic extranan impact of the existing host-pathogen
interactions is probable. On the one hand stressed might be more susceptible against
pathogens and on the other hand fungi might chatrgéegies increasing their pathological
importance.

In case ofA. cohaerengan be presumed that diagnoses become more Hifficd clear
dissociation betweeA. cohaerenandKretzschmaria deustmay be necessary if the fungus
will be found more often in this aggressive, moaeggitic manner.
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