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Specimens of basidiomes and/or rhizomorphs of Armillaria mellea complex and basidiomes of Rhodophyllus abortivus,
developing on the same decaying stumps or stems of forest trees, were collected in three forests in Hokkaido. Normal
basidiomes of R. abortivus were found near to, but free from, the rhizomorphs and/or basidiomes of Armillaria, while ab-
normal basidiomes, as carpophoroid forms, were developed on the rhizomorphs of Armillaria. Of three mycoparasitic
Armillaria isolates found with R. abortivus, one was identified as A. gallica and two as A. jezoensis. The isolates of R.
abortivus showed excellent mycelial growth and rhizomorph formation on PDA. However, on MDA, RMDA and BMDA,
they showed poor aerial mycelia growth and no rhizomorphs. In the contrapositional cultures, the growth of A. gallica
was completely inhibited by R. abortivus on PDA but only slightly inhibited on MDA and RMDA. On the other hand,
mutual inhibition at a distance was observed on BMDA. The mycelial growth and rhizomorph formation in A. jezoensis
were sevetely inhibited by the colony of R. abortivus on PDA, but only slightly inhibited on MDA. On RMDA and BMDA,
the colonies of two Armillaria species and R. abortivus showed mutual inhibition at a distance and apparent rhizomorph

formation by both Armillaria species.
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Armiflaria mellea (Vahl: Fr.) Kummer complex is well
known as a forest pathogen as well as an orchid sym-
biont, and an excellent edible mushroom. The parasitic
association of A. mellea complex with Rhodophyllus
abortivus (Berkeley & Curtis) Singer has been reported by
Watling (1974). RhiZzomorphs of A. mellea complex in-
vade the developing basidiomes of R. abortivus, and the
subsequent mycelial development induces aberrant host
morphology as carpophoroids (Watling, 1974). This
phenomenon appears relatively common in eastern North
America as well as in Japan (Watling, 1974; Imazeki and
Hongo, 1987; Igarashi, 1988).

Recently, several studies have shown that Armillaria
consists of a complex of several reproductive isolate
groups or biological species in North America (Anderson
and Ullrich, 1979; Anderson et al., 1980}, Europe
{Korhonen, 1978} and Australia (Kile and Watling, 1983).
Based on mating behavior, six biological species of the
fungus in Honshu and six in Hokkaido, Japan have been
reported (Nagasawa et al., 1991; Cha et al.,, 1992,
1994, 1995; Cha and lgarashi, 1994, 1995a). However,
reproductive studies of Armillaria as a biological spe-
cies have not been carried out in relation to its myco-
parasitic association with R. abortivus. The specifi-
city of the relationship between A. mellea complex and R.
abortivus has also not been studied.

This study was conducted to identify the biological
species of A. mellea complex and to clarify the relation-
ship between Armillaria and R. abortivus.

Materials and Methods

Collection Basidiomes of R. abortivus and its mycopara-
sitic A. mellea complex, developing on the same
decaying stumps or stems of forest trees, were collected
in September and October 1993 in stumps forests in
Hokkaido. Collection dates, hosts and habitats are
recorded in Tabie 1.

Isolation Fragments of internal tissue, free from con-
taminants, of basidiomes of both Armillaria and R. aborti-
vus were transferred to Petri dishes containing 1.5%
water agar and incubated at 25°C for 1 wk in the dark.
Rhizomorphs were washed with tap water and then steri-
lized with sodium hypochlorite solution (a.i.; 5% chlo-
rine) for about 1-2 min.  The sterilized rhizomorphs, cut
to 1-1.5cm in length, were transferred to Petri dishes
and incubated in the same way as in tissue culture.
Stock cultures from both Armillaria and R. abortivus were
maintained on MA medium (30 g malt extract +15 g agar
in 1000 ml of distilled water) in Petri dishes at 25°C in
the dark.

Identification of biological species of Armillaria isolates
Diploid isolates were mated with haploid tester strains,
as listed in Table 2, of Hokkaido biological species. Mat-
ing pairing was made by placing inocula 1 mm apart on
1.25% MA in a Petri dish and incubating at 22°C for
about 4wk. Haploid testers in incompatible pairing
produced fluffy aerial mycelium, while the haploid testers
in compatible pairing produced flat crustose mycelia (An-
derson and Ullrich, 1979; Korhonen, 1978; Ullrich and
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Table 1. Origin of Armillaria and R. abortivus used in this study.
Specimens Dates Locations Hosts?! Habitats®
HUA93106 9/27/93  Fukushima, Un Cj? plantation, solitary on decaying trunk, with
Matsumae Gun R. abortivus {(R93108)
HUA93116 10/13/93 Tomakomai Qm Broad-leaved forests, rhizomorph in decaying
stem, with R. abortivus (R831186)
HUA93122 10/21/93 Otoineppu, Uj Mixed forests, rhizomorph in dead stem, with

Nakagawa Gun

R. abortivus (R93122), swampy valley

a) Cj, Cryptomeria faponica D. Don; Qm, Quercus mongoloica Fisch. var. grosseserrata Rehd. & Wils.;
Uj, Ulmus japonica Sarg.; Un, unidentified broad-leaved tree.

Anderson, 1978).

Cultures The culture media were MDA (30 g malt ex-
tract +20 g dextrose + 15 g agar in 1000 ml of distilled
water), PDA (39g potato-dextrose agar, Nissui) in
1000 ml of distilled water), RMDA (30 g malt extract
+20 g dextrose +15g agar in 1000 ml of rhizomorph
decoction) and BMDA (30 g malt extract + 20 g dextrose
+15g agar in 1000 ml of ocak-bark decoction) for A.
abortivus and Armillaria. The decoctions of Armillaria
rhizomorph and of oak-bark were prepared by boiling
200 g each of raw rhizomorph and oak-bark, respective-
ly, in 1000 ml of distilled water in a flask for 3 h, then
filtering the resultant liquid through gauze. Fungal
materials are listed in Table 1. For the pure cultures of R.
abortivus, the mycelia from stock cultures were placed
on the surface of 15 ml of media in Petri dishes and incu-
bated at 25°C for 4 wk in the dark. For the contraposi-
tional cultures of R. abortivus and Armillaria, two myceli-
al plugs were inoculated 1 cm apart from each other on
the media. All cultures were conducted in triplicate us-
ing mycelial inoculum plugs of 5 mm diam cut from stock
cultures. After incubation at 25°C for 4 wk in the dark,
the colony characteristics of R. abortivus and the growth
relationships between Armillaria and R. abortivus were
observed on each medium.

Results

Habitats Three specimens of R. abortivus basidiomes
were collected with the basidiomes or rhizomorph of A.
mellea complex on decaying stumps or stems in Hok-
kaido forests (Fig. 1). Armillaria rhizomorphs and R.
abortivus mycelia or rhizomorphs were formed on and in-

side the barks of host trees. Normal basidiomes of R.
abortivus were found near to, but free from, the rhizo-
morphs and/or basidiomes of Armillaria (Figs. 2-4). Ab-
normal basidiomes of R. abortivus contained Armillaria
rhizomorphs enclosed in the bottom of the basidiomes.
These Armillaria rhizomorphs were generally old and
black or dark black in color (Fig. 5). No mycelia or rhizo-
morphs of R. abortivus were found in the mycelial fans or
young rhizomorphs of A. mellea complex (Figs. 6, 7).

Identification of biological species of Armillaria isolates
Vegetative isolates of Armillaria showed dark-brownish
crustose mycelia (flat and lacking aerial mycelia), which
are diploid (Hintikka, 1973; Korhonen, 1978; Ullrich and
Anderson, 1978; Peabody and Peabody, 1984, 1985).
The results of mating tests of the isolates with the
haploid testers of Hokkaido Armillaria are detailed in Ta-
ble 3. One isolate was identified as A. gallica
(HUA93106) and two as A. jezoensis (HUA93116,

Table 2. Origin of haploid testers from Hokkaido Armillaria.

Biological Stock No.
species of isolates Host trees
A. ostoyae HUA9112 Betula ermanii
HUA9113 Betula ermanii
A. gallica HUA9102 Fraxinus mandshurica var. faponica
HUA9125 Prunus ssiori
A. jezoensis HUA9116 Ulmus japonica
HUA9127 Quercus mongolica var. grosseserrata
A. sinapina HUA9115 Salix sachalinensis
HUA9124 Ulmus japonica
A. singula HUA9101 Fraxinus mandshurica var. japonica
HUA9109 Abies sachalinensis

Table 3. Results of mating tests between diploid isolates and haploid testers originating from Hokkaido

Armillaria.
Haploid testers?

Stock No. of A. ostoyae A. gallica A. jezoensis A. sinapina A. singula
diploid isolates : y - g - . sinap . sing

1 2 3 4 5 6 7 8 9 10
HUA93106 — — + + — — — — _ _
HUA93116 — — — — + + — — _ _
HUA93122 — — — — + + — — — _

a) Number of strains; 1, HUA9112; 2, HUA9113; 3, HUAS107; 4, HUA9125; 5, HUA9116; 6, HUA9127; 7,
HUA9115; 8, HUA9124; 9, 9101; 10, HUAS109. +, compatible pairing; —, incompatible pairing.
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Table 4. Cultural characteristics of R. abortivus isolate
(R93106) on various media.

Mean diam

i a)
Medium of colony (mm) Colony form

MDA 35.7 Somewhat whitish aerial myceli-
um on the surface, no rhizo-
morph formation

PDA 50.7 Submerged mycelium, rhizo-
morph formation on the surface

RMDA 37.0 Whitish aerial mycelium on the
surface, no rhizomorph forma-
tion

BMDA 33.2 Whitish aerial mycelium on the

surface, no rhizomorph forma-
tion

a) MDA, 30g malt extract + 20g dextrose + 15g agar in
1000 ml of distilled water; PDA, 39 g potato-dextrose agar, Nis-
sui in 1000 ml of distilled water; RMDA, 30 g malt extract +
20 g dextrose + 15 g agar in 1000 ml of rhizomorph decoction;
BMDA, 30g malt extract + 20g dextrose + 15g agar in
1000 mi of oak-bark decoction.

HUA93122). These isolates were clearly compatible
with the haploid testers of the corresponding species.
Cultural characteristics of R. abortivus isolates (R93106)
The observations on mycelial growth and colony forms
are described in Table 4. Rhodophyllus abortivus
showed exceilent mycelial growth and rhizomorph forma-
tion on PDA, but poor growth of aerial mycelia and no
rhizomorphs on MDA, RMDA and BMDA (Fig. 8).
Interactions between Armillaria isolates and R. abortivus
isolate {(R93106) Contrapositional cultures between Ar-
millaria isolates and R. abortivus showed different pat-
terns of interaction on different media. For instance,
growth of A. gallica was completely inhibited by R. abor-
tivus colony on PDA but only slightly inhibited on MDA
and RMDA (Fig. 9). On the other hand, mutual inhibition
at a distance was observed on BMDA (Fig. 9). In par-
ticular, rhizomorphs of R. abortivus were formed on PDA,
on which the growth of A. gallica was severely inhibited.
Rhodophyllus abortivus formed sclerotia on all media
tested when in contrapositional culture with Armillaria.

The results of contrapositional culture between A.
Jjezoensis isolates HUA93116 and HUA93122 and R.
abortivus are shown in Figs. 10 and 11. The mycelial
growth and rhizomorph formation by A. jezoensis was se-
verely inhibited by R. abortivus colony on PDA, but only
slightly inhibited on MDA. On RMDA and BMDA, the
colonies of the two Armillaria species and R. abortivus
showed mutual inhibition at a distance. However, both
Armillaria species formed rhizomorphs. Rhodophyllus
abortivus produced rhizomorphs on PDA, and sclerotia
on all media tested.

Discussion

Watling (1974) reported that the carpophoroid of R. abor-
tivus is induced by an attack by the basidiomycete of A.
mellea complex. No mating test for identification of bio-
logical species has yet been conducted on Armillaria. In

this study, the carpophoroid form was discovered on Ar-
millaria rhizomorphs with a black or dark black color.
The Armillaria isolates were identified by mating test as
A. gallica and A. jezoensis. Woatling (1987) suggested
that A. gallica may be the most common mycoparasitic
species, because this fungus produces copious rhizo-
morphs which not only permeate the soil around old
trunks but also infect stumps and plants. The rhizo-
morphs of this fungus spread under and over bark form-
ing a reticulate or net-like structure. The Hokkaido A.
gallica produces abundant rhizomorphs in the cambium
layer of decayed stumps or stems and in soil around
them. Armillaria jezoensis has similar characteristics of
rhizomorph formation to A. gallica (Cha, 1995). Armil-
laria gallica and A. jezoensis were frequently isolated
from Gastrodia elata and Galeora septentrionalis of Or-
chidaceae (Terashita and Chuman, 1989; Cha and
Igarashi, 1995b) Therefore, it can be considered that the
well-developed ability of Armillaria to form rhizomorphs
may play an important role in its associations with other
basidiomycetous fungi or orchids.

Rhodophyllus abortivus readily produced abundant
mycelia as well as rhizomorphs on PDA. The mycelial
growth and rhizomorph formation of both A. gallica and
A. jezoensis were severely inhibited by R. abortivus on
PDA. Furthermore, both Armillaria species were cov-
ered by the Rhodophyllus rhizomorphs. Although
mutual inhibition between Armillaria and Rhodophyllus
was observed on the media containing the rhizomorph
(RMDA) and the bark decoction {(BMDA), Armillaria iso-
lates showed good mycelial growth and rhizomorph for-
mation. At the early stage of wood decay, only the
mycelial fans and rhizomorphs of Armillaria could be ob-
served. However, where the cambium of the host tree
showed advanced decay, both mycelia and rhizomorphs
of R. abortivus and rhizomorphs of Armillaria could be
found. These observations suggest that a dead tree that
is initially occupied by Armillaria may favour the growth
of R. abortivus.

Watling (1974} reported that the A. mellea complex
apparently does not kill the basidiome, since actively
growing mycelium of R. abortivus is always present and
the carpophoroid does not putrefy any quicker than the
agaricoid form. Therefore, it might appear that certain
stimulants for mycelial growth are either induced by Ar-
millaria or retained by R. abortivus (Watling, 1974).
Moreover, Watling assumed that R. abortivus provides
some attractant(s) to Armillaria. We assumed succes-
sive changes in the relationship between Armillaria and R.
abortivus in the natural habitat. The following sequence
can be suggested for these changes: 1) Armillaria is the
primary decomposer, which may produce certain stimula-
tive substance(s) for the growth of R. abortivus; 2) as a
result, rhizomorphs of Armillaria and mycelia and rhizo-
morphs of R. abortivus develop at the same portion of the
habitat; 3) the rhizomorphs of Armillaria may be enclosed
by the primordia of R. abortivus basidiome; 4) the outer-
most layer of enclosed rhizomorph of Armillaria is de-
stroyed; b) the active inner mycelia of the enclosed Armil-
faria rhizomorph grow through the basidiome primordium
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Fig. 1. Basidiome formation of A. gallica (A} and normal (B) and abnormal (C) forms of R. abortivus on a decaying stump.

Fig. 2. Normal form basidiomes of R. abortivus.

Fig. 3. Abnormal (A) and normal {B) form basidiomes of R. abortivus.

Fig. 4. Abnormal form basidiomes of R. abortivus formed on Armillaria rhizomorph (R).

Fig. 5. Rhizomorphs of Armillaria (A) and R. abortivus (B}, and primordium (P) of R. abortivus basidiome formed on Armillaria rhizo-

morph in the bark of tree.
Figs. 6, 7. Mpycelial fan {6) and young rhizomorph {7) of Armillaria formed in the bark of tree.
Fig. 8. Colonies form of R. abortivus on PDA (top left), MDA (top right), BMDA (bottom left) and RMDA (bottom right).
Figs. 9-11. Contrapositional cultures of R. abortivus with A. gallica HUA93106 (9), and with A. jezoensis HUA93116 {10) and

HUA93122 (11) on PDA (top left), MDA {top right), BMIDA (bottom left} and RMDA (bottom right). All pairings consist of
Rhodophyllus (left} and Armillaria (right) isolates.
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of R. abortivus, leading to abnormal basidiome produc-
tion.
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