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Zygorhynchus meelleri was the dominating species onfin roots of 2 year-old stumps of the 49 year-old
birches. Trichoderma viride was more frequently found in the fine roots of living birches than in the fine roots

of stumps though its population increased in thick roots of stumps. Occasionally the fungus also occurred on
the surface of fine roots of stumps, Z. meelleri is known to produce indole 3-ethanol and indole-3 acetic acid
which stimulate the growth of A. estoyae rhizomorphs and phenoloxidizing enzymes which play an important
role in the degradation of the wood. It seems that the accumulation of Z moelleri and absence of bigger
populations of T. viride on/in roots of 2-year-old stumps of the 49 year-old birches may result in an increase
of their susceptbility to Armillaria infection.
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INTRODUCTION

Root rot caused by Armillaria spp. is known to be associated with many species
of trees and their stumps, but the common opinion is that hardwood stumps provide
a better substrate than the living deciduous trees. D 1m it r1(1969) indicated that
Armillaria infection which may take place through healthy, undamaged roots, prima-
rily occurs through wounds and dead roots. This is in agreement with the findings of
Whitney (1961), Kile(198]1),Basham(1988)aswellasRizzo, Har-
rington (I1988). Our current understanding of what stimulates and controls pe-
netration and colonization of the substrate by Armillaria 1s incomplete. It 1s difficult
to determine by observation the role of particular factors affecting the infection. It
seems, however that the specific mycobionta of the dead roots which are the main
“route” of infection of stumps may increase their susceptibility. Both the density
of saprophytic fungi population and the type of metabolites produced must be taken
into account. This paper presents differences in the structure of mycobionta com-
munities occurring on/in roots of birch (Betula verrucosa) and roots of its stumps.
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It seems that the mycobionta on the latter may stimulate the infection by Armillaria.
Birch was selected for these studies as it is the dominating admixture species in the
forests of western Poland.

MATERIAL AND METHODS

In September 1991 roots were collected from 49-year-old birches in Huta Pusta
Forest District (western Poland, 17° 10" E, 52" 50" N), division 37 h. The birch
comprised 10 % of the Scots pine stand. Trees were cut down and after 2 years roots
were collected from their stumps. Three root complexes, each about 30 cm long,
lying 120° apart from each other, were excavated from B-horizon (30-50 ¢cm) under
each of the 5 healthy trees and stumps. In laboratory 3 to 5 randomly selected seg-
ments of fine roots (0.5-1 mm in diam.) and 1 segment of thicker root (5 mm in
diam.), 2 cm long were excised from each root complex. The soil (pH 4.65) samples
were taken from beneath the roots of each tree and stump. In the laboratory single
soil samples were mixed together. Isolation of soil, rhizoplane, rhizosphere and root
fungi was carried out according to M ari k a (1974). The root segments were washed
10 ttmes for 3 min. The first 8 and the 10th flask contained 100 ml of distilled sterile
water, the 9th contained 70 ml of distilled sterile water and 30 g of sterile quarz sand.
The suspension from the 1st and the 10th flask were used for isolation of fungi from
rhizoplane and rhizosphere, respectively. One drop of the suspension (diluted for
rhizoplane fungi) was placed on the surface of the cooled medium (KH,PO, - 1 g,
MgSo, x 7TH,0 - 0.5 g, peptone — 5 g, dextrose — 10 g, rose bengal — 10 ml, 0.3 %
chlorotetracycline 0.004 g 1°!, agar — 20 g 1! ) in the centre of 9 cm in diam. Petri
dish and spread carefully on the entire surface. The isolation of rhizoplane and rhizo-
sphere fungi was carried out on 30 Petri dishes each. Roots were dried on the sterile
filter paper. The fine roots were divided into 5 mm long subsegments and the thick
ones into | mm thick discs which were put onto 2 9% PDA agar with chlorotetracycline
(0.004 g 1°! agar). Each type of roots was represented by 180 inocula placed on
30 Petr1 dishes (6 per 1 dish). The fungi were incubated at 20-22°C, subsequently
transferred into test tubes with PDA for conservation and identified according to
their morphology on SNA, PDA, Czapek-Dox and 2 % Malt-extract agar.

RESULTS

Table 1 presents a list of all fungi 1solated from the soil, rhizoplane, rhizosphere,
fine and thick roots of the 49-year-old birch and its stumps two years after cutting of
the trees. Altogether 91 species of fungi were identified. Table 2 gives the frequency
of the most common taxa in soil/root habitat of tree and stump roots. The total num-
ber of isolates obtained from the soil surrounding the roots of live trees and stump

was 380 and 159, respectively. The soil fungi communities were represented by 13
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species. The most common were: Mortierella vinacea, Penicillium daleae, P. adametzii
and F. janczewskii. Except for the last species the frequency of the remaining fungi
decreased in soil beneath the stumps. Among species which occurred frequently were
F. spinulosum, F. montanense and F. steckii which were detected only in the soil of
the stump roots. They partly accounted for the increase of Penicillia density in the
501l beneath the stumps. In the soil beneath the roots of living trees and their stumps
Penicillia were represented by a similar number of species.

The rhizoplane and rhizosphere of birch roots were inhabited by 451 and 124
1solates represented by 26 and 14 species, respectively. On the roots of stumps the
density of fungi was much higher and the total number of isolates amounted to 3056
and 295 1n rhizoplane and rhizosphere, respectively. In the rhizoplane this large com-
munity was represented only by 19 species. In the rhizosphere of the stump roots the
number of species increased to 21. Acremonium spp. occurred only in the rhizoplane
of the live roots. Except for A.kanagawaensis whose single isolates were detected in
the rhizosphere of stump roots, other Aspergillus species inhabited only the surface
of the live roots. The frequency of Mucorales increased to 64.7 % and 10.9 % of the
total number of 1solates in the rhizoplane and rhizosphere of the stump roots. The
most common species was Z. moelleri. In the rhizoplane of the stump roots the fun-
gus comprised over 50 % of the total number of isolates detected. Considering the
size of the fungi community, the population of the fungus was extremely large. In
the rhizosphere its frequency was lower and comprised only 3.4 % of all the 1solates.
Compared to the live roots, the frequency of Penicillia decreased to 33.4 % and in-
creased to 78.9 % of the total numer of isolates in rhizoplane and rhizosphere of the
stump roots, respectively.

Compared to the roots of living trees, the number of isolates from fine and thick
roots of stumps increased over 36 % and 158 % and was 377 and 334, respectively.
In the fine and thick roots of stumps the frequency of Mucorales increased to 27.8
and 41.3 % of the total number of isolates. Except for Mortierella vinacea, which in
the fine roots of stumps occurred with similar density as in the fine roots of the living
trees, the most common species was Zygorhynchus moelleri. The fungus accounted
for 15 % and 39 % of the total number of isolates in fine and thick stump roots,
respectively. It was the most common species in the thick roots. Compared to the
roots of living trees, the density of Penicillia was stable in fine roots and increased
markedly in the thick roots. Mycelium radicis atrovirens which was the dominating
species 1n the thick roots of the hive trees, occurred with much lower frequency in the
fine and thick roots of stumps. Cyvlindrocarpon destructans was found mostly in fine
roots of live trees and more frequently in the thick roots of stumps. Qidiodendron
species were isolated from the soil and rhizoplane of the live tree roots. Sporadically
the fungi also occurred on the surface of the stump roots. Only single isolates of
Trichoderma spp., occurred in the soil and on the surface of stump roots. Fungi were

present more frequently in the fine roots of the living trees and in the fine and thick
roots of stumps.
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Table 2

Frequency (%) of the most common taxa in soil, rhizoplane, rhizosphere, fine and thick roots
of 49-year-old birch roots

soil rhizoplane | rhizosphere fine roots thick roots

I* | ] 1 I 1 I | | 11
Mucorales 429 26.5 15.0 64,7 64 109 256 278 47 41.3
Mycelium radicis atrovirens 0 () { }] () () 120 6.1 829 4.5
Oidiodendron 33 74 4.4 ] 0 0.3 (0 \] ( W
Penicillium 456 529 607 334 63.7 789 477 415 319 328
Trichoderma (1 () () 1.0) () () 8.7 16.7 () 6.6
I = live trees
Il - stumps

DISCUSSION

Armillaria obscura, A. bulbosa, A. borealis and A. mellea s.s. are the most com-
mon species of Armillaria complex occurring on the roots of coniferous and decidu-
ous trees and their stumps in Poland (Rykows ki, 1990; Marka, 1992). Shaw,
Kile (1991) claim that some Armillaria species may persist better on particular
food base species, but there 1s still no evidence for substrate specialization. One of
the opinion 1s that the hardwood stumps provide a better substrate than the living
deciduous trees (M a i k a, 1992).

The environment has the significant effect on the infection by Armillaria. Many
abiotic and some biotic environmental factors have so far been thoroughly studied
(Shaw, Kile, 199]). Watanabe (1986) tested 121 fungal isolates for their
ability to stmulate rhizomorph production either by co-culturing them with Armillaria
or by enriching Armillaria culture media with culture broth of the tester strain. He
observed that 37 of the isolates effectively induced rhizomorph growth. The most
effective genera were: Macrophomina, Gliocephalis, Diploidia and Sordaria together
with two unidentified species of Deuteromycotina. His reports did not include infor-
mation on the chemical nature of the stimulatory factors involved. The species which
were the most effective in the studiesof Watan ab e (1986) do not belong to the
most common in the soil/root habitat in Northern Europe forests. Thus, further infor-
mation on the occurrence of saprophytic fungi on/in roots ot the most common tree
species and on the role of soil/root organisms in the process of infection is required.
It seems that data regarding the structure of fungi communities as well as their influ-
ence on pathogen might help to explain the differences in degree of suscepubility to
Armillaria infection. The first steps toward this were undertakenby M an ka etal.
(1993,1993 a)and Kwasna(l996a,b,c).

Small amounts of low-molecular-weight alcohols and related compounds
enhance Armillaria growth (W ein h o | d, 1963). The mycelium growth and
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rhizomorph formation may be stimulated (Weinhold, 1963; Weinhold,
Garraway, 1966). Injection of ethanol into roots of oaks promoted their coloni-
zation by Armillaria though Wargo and Montgomery (1983) claim that
colonization in such the cases results more from the tissues necrosis caused by the
ethanol than from the ethanol alone. The growth and development of Armillaria may
also be promoted by other compounds, particularly auxines. Indole-3-acetic acid
significantly increased rhizomorph production (Garraw ay, 1975). According to
the proposed mode of action, the interaction of auxin with the plasma membrane
results in the release of a compound which controls the activity of RNA polymerase
in the nuclei and stimulates the synthesis of mRNA. The new mRNA is translated in
the cytoplasm where stimulates the production of the new proteins which enhance
fungus cellular growth (K e y, 1969).

Soi1l microorganisms produce sufficient amounts of ethanol to promote
rhizomorph production (Pe ntland, 1965, 1967). Indole-3-ethanol and indole-
-3-acetic acid are the major secondary metabolites produced by Zygorhynchus
moelleri(Brown etHamilton, 1992). Z moelleri was either the dominating
or coodominating fungus on/in roots of 2 year-old stumps of 49 year-old birch
where accounted for 3.4-52.9 % of the total number of isolates. On and in the fine
roots of the live trees its frequency was only 1.6 % and 3.3 %, respectively. In the
soil surrounding both the roots of the live trees and of the stumps Z moelleri was
detected occasionally. Taking into account the size of fungi community on stump
roots the density of Z. moelleri was considerably high and its presumably effect on
the rhizomorph poduction might be conspicuous.

Larger amounts of indole-3-ethanol are produced at pH 6-7 and of indole-3-
-acetic acid at pH 4.5. Under more acidic conditions, indole-3-ethanol may be trans-
ferred to roots where it can be utilized as the precursor for indole-3-acetic acid syn-
thesis (Brown, Hamilton, 1992). In this situation it seems that the accumula-
tion of Zygorhynchus moelleri may favour Armillaria growth and the infection of
birch stump roots, under both more or less acidic conditions.

Z. moelleri is also known to produce the phenoloxidase (Domsch, Gams,
Anderson, 1980). This enzyme is very important in wood degradation and
it seems that it can stimulate the decay of roots which may intensify Armillaria
infection.

It seems that the high density of Zygorhynchus moelleri might partly be due
to the absence of bigger populations of Trichoderma viride on/in the birch stump
roots. Trichoderma viride can invade Z. moelleri (Durrell, 1968) and eliminate
it in the natural habitat. Trichoderma viride is considered to be a very effective
antagonist of Armillaria (Shaw, Kile, 1991). On/in birch stump roots T. viride
occurred only sporadically in the rhizoplane and a bit more frequently in the thick
roots. The fungus was detected more often (6.2 % of the total number of i1solates)
in the fine roots of the live trees. T, viride dominated in Scots pine stump roots and
the increase of its frequency resulted in the inhibition of Armillaria growth in vitro
(K wasna, 1996 b). This suggests the increase of pine stump roots resistance to
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pathogen in nature. Similar effect should not be expected on/in the birch stump roots,
where T. viride was replaced by Trichoderma pubescens (former T. hamatum), which
prefers more alkaline habitats of birch stumps and is totally ineffective towards
Armillaria species (Mugh o g h o, 1968).

The paper deals with the structure of fungi communities and discusses their
possible role in promoting of the infection. The infection of roots in the live trees
depends, however also on the host responses to pathogens which fall into three ca-
tegories: exudate production, meristematic activity, and biochemical interaction.
Deciduous trees respond to Armillaria by exuding gummy deposits into infected
ussues (Shaw, Kile, 1991). Meristematic activity in the living roots leads to the
production of cork, callus and adventitious roots. At the biochemical level fungal
infection involves an interaction between compounds already present in the host or
induced by infection and extracellular fungal metabolites. Preformed phenols and
other host substances can inhibit the production of hydrolitic enzymes of Armillaria
and restrict its activity on host cell walls and membranes. Some phenols can directly
inhibit Armillaria growth. Other chemical changes in roots after tree felling might be
similar to those after defoliation when the level of reducing-sugar increases particu-
larly in cambial zone tissues (W ar g o, 1971). Since Armillaria predominantly
utilizes glucose (W ar g o, 1981), this increase is potentially important to the fungus.
The capacity of the dying or dead stump root tissues to respond and control the
pathogen is reduced and it can increase the stump susceptibility to the infection. The
specific composition of fungi communities should be, however also taken into ac-
count and considered as the factor increasing the predisposition of the stumps to Armillaria
infection.

Further investigations on the effect of indole-3-ethanol and indole-3-acetic acid
produced by Zygorhynchus moelleri on the growth and development of Armillaria
rhizomorphs in vitro will be undertaken.
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Mikobionty korzeni brzozy oraz jej pniakéw 1 ich przypuszczalny wplyw
na porazenie przez Armillaria spp. 1.

Streszczenie

Ryzoplana i ryzosfera oraz korzenie cienkie (0.5-1 mm £r.) 1 grubsze (5 mm £r.) 2-letnich pmakéw
powstalych przez scigcie 49-letnich brzdz byly zasiedlone preez wicksze zbiorowiska grzybow w pordwnaniu
2z drzewami zywymi. Najliczniejszym lub wiodgcym gatunkiem na/w korzeniach priakdw byl Zvgarhynchus
moelleri. W ryzoplanie, ryzosferze. korzeniach cienkich i grubych pniakéw jego udzial wynosil 52,9 %,
34 %, 154 % i 39,5 % ogdlnej liczby izolatdw. Biorge pod uwage wiclkosE zbiorowiska, populacya tego
grzyba w ryzoplanie korzeni cienkich pniakdw byla bardzo duza. Trichodema viride, antagonista grzybow
¢z rodzaju Armillaria, nic wystgpila tak czgsto, juk spodziewano sie; w korzeniach cienkich drzew zywych,
jego populacja wynosita 6,2 %, a w korzeniach pniakéw spadla do ponizej 1 % ogdlne) hczby 1zolatdw.
W grubszych korzeniach pniakdw populacja T, viride byla wyizsza. Biorge pod uwage zdolnosé Z moelleri
do tworzenia kwasu 3-indolilooctowego i indolo-3-etanolu, ktére stymulujg warost ryzomorf Armiliaria spp.
oraz enzymu, oxydazy fenolowej umozliwiajgcej rozklad drewna, wzrost populacji tego grzyba przy braku
obecnodci T. viride moze stwarzad w korzeniach pniakéw brzdz lepsze warunki dla infekcjt ze strony Armiliaria
spp.. niz w korzeniach drzew zywych.
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