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Foreword 
 

I would like to take the opportunity to thank everybody who made the 
12

th
 Root and Butt Rot meeting in California and Oregon, possible.  In 

reality, this meeting amounted to three separate meetings.  The idea 
behind the conference was to show the natural beauty of the 
American West to the attendees, while providing them with a flavor of 
the culture that characterizes this unique part of the world.  I am sure 
the memories of dragons dancing in San Franciscoôs Chinatown, as 
well as riding in a cart in a hidden valley in the Sierra Nevada, or 
singing on the shores of an Oregon lake will be indelible memories for 
everybody.  In these days of incredibly costly meetings, I hope 
everybody appreciated how affordable the meeting was, especially 
considering the quality of the lodging and food provided.  I hope future 
organizers will keep in mind that, while it is easy to organize a meeting 
by charging a lot of money, it is much more of service to the scientific 
community to organize the same meeting at a lower cost for the 
attendees.  Last yearôs meeting was also extremely rich from a 
scientific perspective, and these proceedings are a condensed version 
of the science that was presented there.  One interesting novel 
addition to the standard format of these meetings was that of the 
ñShort Talksò; these talks made up of a maximum of 7 slides and 
designed to last less than 5 minutes were a great idea and allowed for 
the communication of short or new projects. 
The meeting would have never been possible without funding 
provided by the Koret Foundation of San Francisco and by the United 
States Forest Service, and without all of the administrative work 
offered for free by the Department of Environmental Science, Policy, 
and Management at U.C. Berkeley.  Amy Smith and Doug Schmidt 
from U.C. Berkeley made the meeting possible through their complete 
dedication before and during the Conference.  William Woodruff, Pete 
Angwin, John Pronos, David Rizzo, Garey Slaughter, Patricia 
Maloney, Everett Hansen, Ellen and Don Goheen were instrumental 
for the field trips in California and Oregon. The most heartfelt ñThank 
you!ñ to all of them both from Greg Filip and myself.  Finally, thanks to 
Rachel Linzer, who made the publication of these proceedings 
possible. 
A scientific conference is not made up by the studies presented, but 
by the people who participated. I am grateful to all the attendees for 
their individual contributions, and I hope to see them all at the 13

th
 

Root and Butt Rot meeting in Italy. 
Your friend 

 

Matteo Garbelotto 
Organizing Chairman 
12

th
 International Conference 

IUFRO Working Party 7.02.01. 
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Morphology and ecology of three 
Heterobasidion spp. from Japan 

 
S. TOKUDA

1
, Y. OTA

2
 AND T. HATTORI

2 

 

1 
Hokkaido Forestry Research Institute, Koshunai, Bibai, 

Hokkaido 079-0198, Japan. 
2
 Forestry and Forest Products Research Institute, Tsukuba, 

Ibaraki 305-8687, Japan. 
 
CONFERENCE ABSTRACT 
Basidiocarp characters were examined to differentiate three Japanese 
Heterobasidion species: H. annosum sensu lato, H. insulare auct. jap., and an 
undetermined Heterobasidion sp. Heterobasidion annosum has perennial and 
effused-reflexed basidiocarps, pilei with a brown crust, small and round pores 
(4-5(-7) / mm). Heterobasidion insulare has annual and pileate to effused-
reflexed basidiocarps, pilei with a reddish crust, and round to labyrinthiform 
pores (2-3(-4) / mm). The undetermined Heterobasidion sp. has annual and 
distinctly pileate basidiocarps, pilei with a crust limited near the base, large and 
round pores (1-3(4) / mm) and long tubes (up to 20 mm long). The ecological 
features of these species also differ in Japan. Heterobasidion annosum is 
limited to sub-alpine and boreal areas and causes root and butt rot on Abies 
spp. and Picea spp. Heterobasidion insulare is widely distributed and is thought 
to be a saprobe on various conifers. The undetermined Heterobasidion sp. is 
distributed in warm temperate to subtropical areas and is thought to be a 
saprobe on Pinus spp. 

 
 

The polypore genus Heterobasidion Bref. is characterized by effused-

reflexed to sessile basidiocarps, dextrinoid skeletal hyphae, 
generative hyphae without clamps, finely asperulate basidiospores 
and a Spiniger Stalpers anamorph (1, 3). In Japan, H. annosum and 
H. insulare are hitherto well known. Recently, phylogenetic studies 
have revealed that Japanese H. annosum s.l. is close to European 
and Chinese populations of H. parviporum Niemelä & Korhonen (4). 
Dai et al. (2) detected several intersterility groups within the H. 
insulare complex in China but proper names were not yet given for 
them. Additionally, Ota et al. (4) suggested that an undetermined 
Heterobasidion sp. that occurs in southern areas of Japan is a distinct 
phylogenetic species and is closely related to H. araucariae P.K. 
Buchanan. However, the morphological characters of these Japanese 
Heterobasidion species have not yet been well investigated. In this 

study, we provide detailed descriptions of the morphology and ecology 
of these species to give proper names for them. 
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Basidiocarp characters were macro- and microscopically described 
based on dried specimens. We examined 33 specimens of H. 
annosum, 66 of H. insulare auct. jap. and 8 of the undetermined 
Heterobasidon sp. (Figure 1). Microscopic characters were examined 
from materials mounted in Melzerôs reagent. Non-dextrinoid and non-
amyloid reactions were described as IKI

-
. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 1. Map of Japan showing the locality of the basidiocarps 
collected. ǒ, H. annosum sensu lato; ƺ, H. insulare auct. jap.;   , an 
undetermined Heterobasidion sp. 

 
Heterobasidion annosum (Fr.) Bref. sensu lato 
Habitat: On fallen trunks and roots of fallen trees of Abies and Picea. 

Throughout the year. Rare. Perennial. Distribution: Hokkaido Isl., 
Honshu Isl.  
Macroscopic features: Basidiocarp effused-reflexed, solitary. Pilei 
irregular, 0.6-15 (30) cm, up to 3 cm thick. Pileus surface 

subtomentose to glabrous, sulcate, partly warty to rugose, brown to 
dark brown. Pore surface yellowish white. Pores round, 4-5 per mm. 
Tubes 0.1-0.3 cm deep in each layer, yellowish white. Context 

leathery, up to 0.5 mm thick, with a thin cuticle, same color with the 
tubes.  
Microscopic features: Context hyphae dimitic, contextual generative 
hyphae without clamps, thin-walled, IKI

-
, 1.5-3 ɛm across; contextual 

skeletal hyphae thick-walled, dextrinoid, 3-4 ɛm across. Trama 
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hyphae similar. Basidia clavate, 12-14 × 5-6.5 ɛm. Basidiospores 

finely asperulate, subglobose, hyaline, IKI
-
, (3.3-)3.5-5(-5.6) × (2.9-

)3.0-4.5(-4.8) ɛm. 
Remarks: The hairs on the upper surfaces of the basidiocarps are 
shorter compared with the European H. parviporum materials. 

Although the species described here is dependent on old-growth 
forests in the sub-alpine areas, severe root and butt rots damage 
caused by this fungus in a plantation was detected by molecular 
determination (5). 
 
Heterobasidion insulare (Murrill) Ryvarden, auct. jap. 
Habitat: On stumps and fallen woods of various conifers. Spring-fall. 
Widespread. Annual. Distribution: Hokkaido Isl., Honshu Isl., Kyushu 
Isl., Bomin Isls., Satsunan Isls. 
Macroscopic features: Basidiocarps usually sessile to effused-
reflexed. Pilei semicircular to flabellate, applanate to slightly convex, 
imbricated or solitary, pileus 1.6-9.5 cm across. Pileus surface 

glabrous, rugose when dried, reddish brown to graysh brown when 
dried, yellowish white on margin. Pore surface pale yellow. Pores 
angular to round or labyrinthiform, 2-3(-4) per mm. Tubes 0.2-0.8 cm 
deep. pale yellow. Context corky, up to 2 cm thick at base, pale 

yellow, with a thin crust except for the marginal part. 
Microscopic features: Context hyphae dimitic; contextual generative 

hyphae without clamps, thin-walled, 2-3.5 ɛm across; contextual 
skeletal hyphae thick-walled, moderately dextrinoid, 4-5 ɛm across. 
Trama hyphae slightly wide, otherwise as in context hyphae. Basidia 
clavate, 10.5-14 × 4-5 ɛm. Basidiospores finely asperulate, globose to 

subglobose, hyaline, IKI
-
, (3.5-)4.0-5.6(-6.4) × (3.0-)3.4-4.5(-5.1) ɛm. 

Remarks: The morphological characters of the species described 
here is not consistent with the features of the H. insulare type material 
but identical to those of H. insulare N-type from China. 

 
Heterobasidion sp.  
Habitat: On dead standing trees and stumps of Pinaceae. Spring-fall. 

Not common. Annual. Distribution: Honshu Isl., Kyushu Isl., Okinawa 
Isls. 
Macroscopic features: Basidiocarps sessile. Pilei usually 

semicircular, convex, solitary or imbricated, pileus 1.5-9.0 cm in 
across. Pileus surface mostly glabrous, zonate, smooth or rugose, 

ivory to yellow brown, usually crusted only at the base, then dark 
brown. Pore surface smooth, cream to ivory, pores angular to round, 
rarely labyrinthiform, (1-)2-3(-4) per mm. Tubes 12-20 mm deep, pale 
yellow. Context corky, 1-2.5 mm thick, same color with the tubes.  
Microscopic features: Context hyphae dimitic, contextual generative 
hyphae without clamps, thin-walled, 2-4 ɛm across; contextual 
skeletal hyphae thick-walled, moderately dextrinoid, 3-4 ɛm across. 
Trama hyphae similar. Basidia clavate, 14.5-19 × 6-7 ɛm. 
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Basidiospores finely asperulate, globose to subglobose, hyaline, IKI-, 

(3.7-)4.2-5.9(-6.4) × (3.1-)3.4-4.8(-5.3) ɛm.  
Remarks: The morphological characters of the species described 
here is almost identical to those of H. insulare T-type from China. 
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CONFERENCE ABSTRACT 
Armillaria species in European forests have a wide distribution throughout 
continent. According to Roll-Hansen (1985) only three species of Armillaria 
occur in Norway. Armillaria borealis is the most common species and is found 
farther north than any other Armillaria species in Europe. Armillaria cepistipes 
and A. ostoyae are also found in Norway, while A. gallica is only found in the 
southernmost part of Sweden. Sixty five Armillaria isolates (previously 
identified as A. borealis, 20, A. cepistipes, 13, A. ostoyae, 5, and Armillaria 
spp., 27) were chosen from the fungal collection of NFLI. Identification was 
performed by PCR ï RFLP according to Harrington & Wingfield (1995). 
Isolates which showed some specificity were tested by pairing with haploid 
tester strains and sequenced for comparison with data in NCBI database. 
Three Armillaria species were found among isolates: A. borealis (42 isolates), 
A. cepistipes (22 isolates) and only one isolate of A. ostoyae. Armillaria gallica 
was not found among studied isolates. Some isolates (1999-20/5 and 2004-
276/1) have pattern (with bands 300, 200, 160 bp) for Alu I restriction enzyme, 
which was slightly different from patterns (b1 and b2) previously reported for A. 
borealis (Peréz-Sierra et al. 1999). We conclude that A. borealis is the most 
common and widespread Armillaria species in Norway. Armillaria cepistipes is 
also common, while A. ostoyae seems to be rare. 

 

 
Armillaria species are present in most natural and exotic forests 

throughout the world. Seven morphological species are present in 
Europe and some of them are among the most significant root 
pathogens of trees and shrubs (6). Different methods have been 
developed for species identification, but the most reliable is mating 
test (3) and PCR-RFLP based molecular identification (7). According 
to Roll-Hansen (5) only Armillaria borealis Marxmüller & Korhonen, A. 
cepistipes Velen. and A. ostoyae Romagn. occur in Norway. The other 

four species are more termophilous and have a more southern 
distribution.  
 
The goal of this work was to identify Armillaria species present in 

forest ecosystems in Norway and to determine phylogenetic 
relationshops between isolates. DNA based tools and somatic 
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compatibility tests were applied in order to obtain species 
identification. 

 
Sixty five Armillaria isolates, from 27 localities, were chosen from NFLI 
fungal collection. Isolates were obtained from different parts of the 
infected trees and from rhizomorphs and carpophores. Isolates were 
subcultured on MEA (1.5% malt and 1.5% agar) with cellophane 
membrane and incubated at room temperature (~23-25°C) for 25 
days. DNA isolation was performed with NucleoSpin Plant kit 
(MechereyïNagel GmbH & Co., Duren, Germany). IGS1 region 
between 3ô end of the 26S gene and the 5S gene of the rDNA of 
Armillaria was amplified using the universal primers LR12R and O ï 1, 
according to the amplification conditions of Harrington and Wingfield 
(2). The PCR products of IGS1 region were digested with AluI, Bsm 
and NdeI enzymes, according to the manufacturerôs protocol, and 

products are separated by electrophoresis on 3% agarose gels and 
visualized using UV light. 
 
Isolates which could not be identified by PCR-RFLP were paired with 
12 haploid testers of A. borealis, A. cepistipes and A. ostoyae, four of 
each. Prior to sequencing of IGS1 region amplicons were purified with 
QIAquick PCR Purification kit (Qiagen Ltd.), according to protocol. 
Comparison of sequences was performed with BLAST-Blastn ver 
2.2.8. with the sequences from NCBI database (updated on February 
2007). 

 
PCR-RFLP based identification showed that three Armillaria species 

are present among the studied isolates. Forty two isolates were 
identified as A. borealis, 22 isolates as A. cepistipes and only one 
isolate was identified as A. ostoyae. Five different patterns B1, B2, C1, 

C2 and O, previously reported by (4), were found among tested 
isolates (Table 1). 

 

Table 1. PCR-RFLP patterns found among studied isolates and 
identified Armillaria spp. 

 

 

Pattern AluI (bp) BsmI(bp) NdeI(bp) 
No. of 

isolates 
Armillaria 

spp. 

b1 
b2 
c1 
c2 
o 

unknown 

305, 200, 100 
305, 200, 135 
400, 200, 190 
305, 200, 135 
305, 200, 135 
305, 200, 160 

NRS 
NRS 
NRS 
NRS 

600, 300 
NRS 

565, 380 
NRS 
NRS 
NRS 

565, 380 
565, 380 

31 
9 

14 
8 
1 
2 

borealis 
borealis 
cepistipes 
cepistipes 
ostoyae 
borealis 
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By pairing tests two isolates with unknown pattern (Figure 1) and the 
isolates with patterns b2/c1/o were all identified as A. borealis, while 
four of five isolates previously identified as A. ostoyae were also 
identified as A. borealis and only one of them had positive reaction 
with A. ostoyae tester isolates. 
 

Similarities of the tested isolates from NCBI database ranged from 97-
99% (data not shown). Results of sequence comparison supported 
identification based on PCR-RFLP and mating tests. 
 
Phylogenetic trees generated from the IGS1 region sequence data 
separated all isolates into three strongly supported clades (Figure 2). 

 

 
 
Figure 1. Fragment sizes for restriction digestion with AluI enzyme, 
based on the sequences of amplified IGS1 region. Lane 1-100 bp 
ladder; 2, 3, 6, 7, 9, 10, 14ï A. borealis (b1); 4, 8- A. borealis (b2); 
lane 5, 12, 13 ï A. cepistipes; 11 ï U ï for unknown pattern; 15-100 
bp ladder. 

 
One clade contained isolates of A. ostoyae, second clade of A. 
borealis and third included isolates of A. cepistipes and a tester isolate 
of A. gallica. Clades with A. borealis, A. cepistipes/gallica and A. 
ostoyae were supported by consensus tree analysis in 100%, 100% 
and 98% respectively. 
 
Analysis of sixty-five isolates from different regions of Norway showed 
that three European Armillaria species are present in Norway. 
Armillaria gallica was not found among the studied isolates, which is in 

agreement with previous reports of species distribution in Europe (1). 
A. borealis was the most common species with distribution throughout 

the country. Earlier it has been reported as far north as Troms county, 
about lat. ca. 69° N, by Korhonen (3) and during this study it was 
found further north in Troms, in Lyngen 69° 33´ N. In both occasions 
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A. borealis was isolated from planted Norway spruce trees (Picea 
abies). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Phylogenetic tree based on the neighbor-joining (NJ) 
method of the nucleotide sequences of the IGS1 region for 12 
isolates from Norway and 4 isolates from Finland. Values of 
percentages for bootstrap (1000 replicates) are given on each 
branch. 

 
 
Armillaria cepistipes seems to be common in southern and central 

parts of Norway. In earlier work of RollïHansen (5) this species has 
been recorded in southern Norway. According to available data this 
species is widespread and has many coniferous and broadleaved 
host, but does not spread as far north as A. borealis. 

 
Only one isolate has been identified as A. ostoyae, so this species 

seems to be pretty rare in Norway. However, it should be looked for in 
sandy pine forests which is the most common site for it in Finland (3).  
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CONFERENCE ABSTRACT 
Five species belonging to the Armillaria mellea complex have been recorded 
earlier in the European part of Russia. They are A. borealis (from the following 
regions: Moscow, Voronezh, Ekaterinburg), A. cepistipes (Moscow, Perm', 
Ekaterinburg), A. gallica (Voronezh), A. mellea (Krasnodar) and A. ostoyae 
(Moscow). Armillaria ostoyae has been reported also from the Russian Far 
East. We identified with the aid of mating tests 51 specimens of Armillaria 
collected in 2003-2006 in the regions of Moscow (30 specimens), Mordovia (5) 
and Voronezh (16). Armillaria borealis and A. cepistipes were common in the 
Moscow region, and A. gallica was found in one locality. Most specimens 
collected in the Voronezh region (650 km south of Moscow) represent A. 
gallica; A. borealis was recorded once. The five specimens collected from 
Mordovia (ca. 500 km SE from Moscow) also represent A. gallica. In the 
Tellerman forest (38000 ha) at the territory of experimental forestry (2000 ha) 
of Voronezh region, in upland and flood-plain types of forest, the main host of 
A. gallica is common oak (Quercus robur L.), and rhizomorphs of the fungus 
are numerous in the forest litter in oak stands. However, A. gallica in Tellerman 
forest is a weak pathogen, infesting weakened and declining oaks and causing 
their early death. 

 

 
Identification of biological species of Armillaria in the former USSR 
with the aid of mating tests was started by M.G. Radzievskaya in 
1980s. Within the present Russian territory, she identified A. borealis 
and A. cepistipes in the Moscow region and A. mellea s.s. in the 

Krasnodar region of Russian Caucasus (6). In addition, she reported 
A. borealis from Belarus, A. mellea from Georgia and A. gallica from 
Ukraine. In 1990s, A. ostoyae was reported from the Russian Far East 
(2), and A. borealis and A. cepistipes were identified from the Ural 

Mountains, from the provinces Sverdlovsk and Perm (3, and 
unpublished records). 
 
In 2002-2004 in a joint project of the RAS Forest Science Institute and 
the PAN Institute of Dendrology (Kurnik) was carried out for the 
identification of Armillaria species in Moscow regions. In this study (7), 
A. borealis, A. cepistipes and A. ostoyae were found in the Moscow 
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region while A. gallica and A. borealis were found in the same time in 

the southern forest-steppe of the Voronezh region, with participation 
of K. Korhonen. 
 
The authors of the present report identified more Armillaria material in 

2004 - 2007. Pure cultures obtained from fruit-body tissue or from 
single basidiospores were isolated from 47 specimens of Armillaria. 

Twenty-one specimens originate from Moscow forest-parks, reserves, 
and mixed boreal forests with spruce predominance.  Eight specimens 
originate from Vladimir province, all of them from the same forest 
(Alexandrov forest, ca. 100 km NE from Moscow). Five specimens 
come from a broadleaved forest in Mordovia province (Saransk, ca. 
500 km SE from Moscow). Thirteen specimens were collected in 
forest-steppe oak stands of Voronezh province (Tellerman forest, ca. 
500 km from Moscow). The collection sites in Moscow and Voronezh 
were different from those where the collection was carried out in 2002 
- 2004. 
 
Mating tests revealed that Armillaria borealis and A. cepistipes 

dominated in the Moscow region as well as in the adjoining Vladimir 
province. A. gallica was recorded on one site in Moscow. This species 

was the only one identified in the material collected in the provinces of 
Mordovia and Voronezh. 
 
Fruiting of Armillaria in the Moscow region has some particular 

features. Summer fruiting appears often in July and the fruiting 
species seems to be always A. borealis. In dry years the summer 

fruiting may appear later, in August, but so happened also in the 
unusually cool and humid summer 2006. Autumn fruiting of Armillaria 
starts in September and continues through October. In this period A. 
borealis and A. cepistipes may fruit in the same stand but the latter 
species usually a little later. A. gallica was found fruiting in October 
2004 and 2006 at the same site in a private garden (Uspenskoye, 50 
km of Moscow). 
 
In the Tellerman Forest of Voronezh province, the common oak 
(Quercus robur L.) is the main host of A. gallica, and in October its 

basidiocarps appear around oak trees, whether living or dead. The 
rhizomorphs are very frequent in the forest litter and at the base of 
oak trees: on bark between root branches where they are less 
exposed for drying. However, A. gallica is a weak pathogen in 

Tellerman Forest, infesting only weakened and declining oak trees 
and causing early death. Sapwood decay begins at the stem base, 
starting from rhizomorphs that penetrate the bark, and the decay then 
spreads up in the stem. Root rot appears only after the tree crown 
dies out.  
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Armillaria species in Russia have been identified also on the basis of 

morphological characteristics of the fruit bodies, without genetic 
confirmation of the species identification. So, the species A. mellea 
and A. tabescens were reported from the Moscow region (8). 
However, the A. mellea appears to represent the species complex A. 
mellea sensu lato, and the occurrence of the thermophilic species A. 
tabescens in the rather northern Moscow region looks unlikely, 

particularly because this species has never been reported from 
southern parts of Russia and from the former Soviet Union. Four 
Armillaria species were identified in the Usmansky Forest of Voronezh 
region: A. mellea, A. obscura, A. gallica and A. cepistipes (1). A 
morphological study of Armillaria species in Krasnoyarsk region of 
central Siberia indicated the presence of A. ostoyae, A. borealis and 
A. cepistipes (4).  

 
To summarize, the presence of five Armillaria species in European 
Russia has so far been shown with the aid of mating tests (Table 1).  

 
 
Table 1.  The Armillaria species so far identified with the aid of 
mating tests in Russia. 

* All identifications were made by K. Korhonen 

 
These species are A. borealis, A. cepistipes, A. gallica, A. mellea s.s. 
and A. ostoyae. Eastwards of Europe, the distribution area of A. 
cepistipes and A. ostoyae seems to extend over Siberia to eastern 

ðððððððððððððððððððððððððððððððððððððððððððððð 
Species Region Host Reference  

ððððððððððððððððððððððððððððððððððððððððððððððð 

 

A. borealis Moscow region: Zvenigorod, Picea abies, Betula pendula, Pinus Radzievskaya 1989 

 Voskresensk and Pushkino districts sylvestris 

 Moscow and Zvenigorod, Borodino, P. abies, B. pendula, Tilia europaea, 

 Ruza, Dubna, Klin districts. Larix europaea, Populus tremula, Selochnik et al. 2005 

 Vladimir region: Alexandrov distr. Corylus avellana, Quercus robur  

 Voronezh region: Tellerman forest.* Quercus robur ï ñ ï  

 Ural region: Sverdlovsk district Populus tremula Korhonen 2004 

 

A. cepistipes Moscow and Zvenigorod, Borodino, P. abies, B. pendula, P. tremula Radzievskaya 1989 

 Alexandrov districts  Selochnik et all. 2005 

 Ural region: Sverdlovsk district, unknown K. Korhonen, unpubl. 

 Perm district  new records 

 

A. gallica Moscow region: Uspenskoye Prunus sp. (felled) new record 

 Mordovia region: Saransk unknown new record 

 Voronezh region: Tellerman forest.* Quercus robur Selochnik et al. 2005 

 

    

A. ostoyae Moscow region: Zvenigorod P. abies Selochnik et al. 2005 

 Far East: Vladivostok region Pinus koraiensis Filip et al. 1995 

 

A. mellea s.s. Krasnodar region Ulmus glabra Radzievskaya 1989 

ððððððððððððððððððððððððððððððððððððððððððððððð 
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Asia, and the distribution area of A. borealis to central Siberia at least. 

Besides the species mentioned above, some East Asian species of 
Armillaria probably occur in Russian Far East (5), and the occurrence 
of the rare species A. ectypa in Russia is likely although to our 
knowledge there are no reports of it.   
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CONFERENCE ABSTRACT 
In the basidiomycete species complex, Heterobasidion annosum, the 
widespread P intersterility group (ISG) is an indigenous pathogen in Eurasia 
and North America, where it primarily attacks pines. Our earlier phylogenetic 
study showed three major lineages within the H. annosum P ISG ï a Eurasian, 
eastern and western North American lineages, but was not sufficient to 
elucidate dispersal history of the fungus. Here, we report results of an 
expanded study including isolates from the known global distribution of the P 
ISG and utilizing more extensive analytical methods. We analyze DNA 
sequences from portions of two nuclear and two mitochondrial loci using 
maximum parsimony and Bayesian phylogenetic methods and median-joining 
networks. Notably, samples from Mexico included both eastern and western 
North American genotypes. This lineage intermingling is unique in the study 
area and suggests that Mexico is an evolutionary bridge between the North 
American groups. Our analyses also yielded evidence of potential inter-ISG 
genetic transfer in North America. After an ancient divergence, the P ISG is 
likely to have acquired a mitochondrial rDNA insertion from the H. annosum S 
ISG, with which it is sympatric in the western US. These results expand our 
current knowledge of the evolutionary history of this pathogen. 
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In the basidiomycete species complex, Heterobasidion annosum, the 

widespread P intersterility group (ISG) is an indigenous pathogen in 
Eurasia and North America, where it primarily attacks pines.  Although 
these two taxa share many phenotypic similarities, including mode of 
pathogenicity, their phylogenetic relationship and evolutionary history 
have not previously been determined with certainty. An earlier 
phylogenetic study showed three major lineages within a 
monophyletic H. annosum P ISG clade ï Eurasian, eastern and 
Western North American lineages (2). However, as areas at the limits 
of the pathogenôs distribution were not sampled, the results were 
insufficient to elucidate the dispersal history of the fungus.  Here, we 
report results from an expanded study, which included 116 P ISG 
isolates from throughout the known global range of this intersterility 
group: from the Altai region in Siberia and throughout through Europe 
and from southern Canada and the southeastern US through Mexico 
and the western US. Seventeen isolates of the related taxa H. 
abietinum, H. parviporum, North American H. annosum S ISG and H. 
insulare were included for comparison. 

 
We analyzed DNA sequences from portions of two nuclear and two 
mitochondrial loci: parts of the nuclear coding elongation factor 1-
alpha and glyceraldehyde 3-phosphate dehydrogenase genes and 
portions of the mitochondrial ATP synthase subunit 6 and of two non-
homologous forms of an insertion into the ML5-ML6 region of the 
mitochondrial rDNA.  Sequences were analyzed using maximum 
parsimony and Bayesian phylogenetic methods.  As we were 
investigating intraspecific evolution, we also utilized median-joining 
network analysis, which allows for phenomena that happen below the 
species level such as incomplete reproductive isolation, 
recombination, more than two descendents of one ancestral allele, or 
coexistence of ancestral and descendent alleles.   
 
Notable results of this expanded study include finding samples from 
Mexico had high genotypic diversity and included genotypes from both 
eastern and western North American lineages.  The widespread 
intermingling of eastern and western North American lineages in 
Mexico is unique in the study area and suggests that Mexico 
represents an evolutionary bridge between the North American 
groups.  This leads to two alternate hypotheses about the dispersal of 
the P ISG in North America: the P ISG may have dispersed in three 
stages ï southward though eastern North America, then to Mexico 
and finally northward to western North America.  Alternatively, the 
North American P lineage may have been confined to Mexico during a 
period of glaciation, later recolonizing both eastern and western North 
America.   
 
Our analyses also yielded evidence of potential inter-ISG genetic 
transfer in North America.  Phylogenetic and median-joining network 
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analysis revealed that in North America, both forms of the 
mitochondrial rDNA insertion were most closely related to the North 
American S ISG sequences and were separated by only a few 
mutational steps.  This pattern is at odds with the pattern of all other 
sequenced regions in which the North American S ISG is most closely 
related to H. parviporum and H. abietinum, while it is distantly related 

to the North American P-type.  This mitochondrial rDNA insertion is 
absent from all sampled Eurasian P ISG isolates.  After an ancient 
divergence then, the P ISG is likely to have acquired a mitochondrial 
rDNA insertion from the H. annosum S ISG, with which it is sympatric 

in the western US.  Interestingly, a stable SP hybrid has been 
recovered from a western US forest, indicating the two taxa have the 
potential to exchange genetic material in nature (1).  These results 
expand our current knowledge of the evolutionary history of the global 
P ISG lineage in ancient and more recent time. 
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CONFERENCE ABSTRACT 
Root-rot disease caused by Fusarium spp. can cause severe loses in conifer 
nurseries. Isolates of Fusarium spp., morphologically indistinguishable from F. 
oxysporum, were collected from healthy and diseased conifer seedlings and 
nursery soils in the western USA. Over 300 isolates with F. oxysporum-like 
morphology were characterized using DNA sequences (mitochondrial small 
subunit and nuclear translation elongation factor 1 alpha). These isolates were 
characterized as non-pathogenic isolates of Fusarium oxysporum and 
pathogenic F. commune using laboratory/greenhouse pathogenicity tests and 
phylogenetic analyses. Although the morphology of F. commune appears 
indistinguishable from F. oxysporum, these two species are quite distinct 
genetically. Greenhouse studies on Douglas-fir seedlings were conducted to 
evaluate non-pathogenic F. oxysporum isolates for biological control of 
pathogenic F. commune. The potential use of non-pathogenic F. oxysporum as 
a biological control agent for managing Fusarium root disease in a forest 
nursery setting will be presented. 
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CONFERENCE ABSTRACT 
Heterobasidion annosum isolates from the UK and other European areas were 
compared using microsatellite markers (RAMS) and multi-locus sequence 
typing (MLST). Average linkage of RAMS obtained with GAG and CGA 
grouped the 110 isolates tested according to geographical area, although some 
anomalies occurred. MLST, an unambiguous procedure for characterizing fungi 
using house-keeping genes, was used to sequence approx. 450-500 bp 
internal fragments of each of 10 nuclear and mitochondrial genes (both 
strands). For each gene, the different sequences present were assigned as 
distinct alleles and, for each isolate, the alleles at each of the loci used to 
define the allelic profile (sequence type; ST). The method allowed highly 
reproducible and extreme discrimination typing between the isolates. A major 
advantage of MLST is that sequence data are unambiguous: allelic profiles of 
isolates can easily be compared to those in large web-databases, simplifying 
inter-laboratory data exchange. 

 

 
Anecdotal evidence suggests that UK isolates of Heterobasidion 
annosum may differ from other European isolates, being better 

adapted to oceanic conditions than isolates from more continental 
climates. No classical or molecular studies have previously been 
performed to investigate this possibility.  A collection of isolates 
obtained from all over Europe were tested using RAMS markers (3), 
and further analyses are underway utilizing multi-locus sequence 
typing (MLST) based on 10 nuclear and mitochondrial genes. 
 
Average linkage of RAMS obtained with GAG and CGA (2) grouped 
the 110 isolates tested according to geographical area of origin, 
although some anomalies occurred (Figure 1). UK isolates grouped 
into two clades, but were also distinct from isolates from other areas. 
A between population variance of 0.214 (phi) was recorded, indicating 
high levels of differentiation within the European H. annosum 
population as a whole. The population tested appeared to vary along 
a cline, according to a logical stepping stone model, where genetic 
flow is maximal between neighbouring populations, but minimal at 
extremes of geographical distance.  
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Preliminary results from MLST indicated that the method was highly 
discriminatory in establishing within-population variation in H. 
annosum isolates, based on the UK population (data not shown). 

Separate isolates shown to be from the same genetic background in 
previous work (1) grouped together in UPGMA analyses.  
 

 

 
Figure 1. Phylogenetic relationships between 74 European isolates 
of Heterobasidion annosum, based on combined RAMS analyses 
using GAG and CGA. 
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Separation of the UK isolates into 2 clades by RAMS, and minimal 
overlap with isolates from other European areas suggests that the 
population is distinct. Separations between isolates obtained from 
different parts of Europe, however, were too small to draw definitive 
conclusions on the differentiation between UK and other European 
genotypes of H. annosum using RAMS alone. 

 
These results demonstrate that both microsatellite- and MLST-based 
techniques are of great potential value in population studies of 
Heterobasidion.  
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CONFERENCE ABSTRACT 

Relationships among three Japanese Laetiporus taxa (óL. sulphureus var. 
sulphureusô auct Japan, óL. sulphureus var. miniatusô auct Japan and L. 
versisporus) and the European L. sulphureus were assessed with phylogenetic 
analysis and incompatibility tests. Phylogenetic analysis of the internal 
transcribed spacer region of nuclear ribosomal DNA and elongation factor 1 Ŭ 
gene regions suggested that Japanese Laetiporus divide into 4 groups: 1) the 
yellow pore form of L. sulphureus var. miniatus, 2) the white pore form of L. 
sulphureus var. miniatus, 3) L. versisporus/L. sulphureus var. sulphureus I, and 
4) L. versisporus/L. sulphureus var. sulphureus II. European L. sulphureus 
divided into two clades: a hardwood type and a conifer type. The hardwood 
type formed a distinct clade and the conifer type shared a clade with the yellow 
pore form of L. sulphureus var. miniatus. Single spore isolates of the European 
conifer type were compatible with the yellow pore form from Japan. Single 
spore isolates from the three Japanese groups and the European hardwood 
type were incompatible with each other. Our results strongly support the new 
recognition of three Laetiporus taxa in Japan and two in Europe. 

 

 
Laetiporus spp. occur worldwide from boreal to tropical zones and 

cause red-brown cubical heart-rot in the wood of many deciduous and 
coniferous trees. The Laeitporus sulphureus complex was divided into 

6 taxa in North America (1) and into two taxa depending on the host 
type in Europe (2). In Japan, two species and one variety of 
Laetiporus were reclassified into three taxa: the white pore form of L. 
sulphureus var. miniatus (Jpn white pore form), the yellow pore form 
of L. sulphureus var. miniatus (Jpn yellow pore form) and the L. 
sulphureus/versisporus group (Jpn sulphureus group). 

 
To establish the nomenclature of the Japanese taxa, comparative 
studies including phylogenetic studies, mating tests and type studies 
should be made. The objective of this study was to assess the 
relationships between Japanese and European taxa based on 
incompatibility tests and DNA analyses.  
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Nineteen isolates from Japan and 10 isolates from Europe were used 
in this study.  DNA was extracted using a DNeasy extraction kit 
(Qiagen, Valencia, CA, USA). The nrDNA ITS and the EF1Ŭ genes 
were used as molecular markers. Some isolates were cloned into a 
pGEM-easy vector (Promega, Wisconsin, USA). All sequences were 
determined with the Applied Biosystems 3100 sequencer. 
Phylogenetic analyses of the aligned sequences were performed 
using distance and parsimony methods in PAUP ver.4.0b. 
Incompatibility tests were conducted by the method described by 
Banik et al. (1999).  

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 1. One of the 14 most parsimonious trees obtained from the 
ITS sequence data of Japanese and European Laetiporus isolates. 
Bootstrap value (>70%) is given above the branches. Tree 
length=59, CI=0.8644, RI=0.9697.   

 
 

Phylogenetic analysis of the ITS and EF1Ŭ showed that Japanese 
Laetiporus could be divided into 4 groups: 1) Jpn yellow pore form, 2) 
Jpn white pore form, 3) Jpn sulphureus group I, and 4) Jpn sulphureus 
group II. The European L. sulphureus isolates from hardwood (Eur 

hardwood type) formed a distinct clade in the ITS and EF1Ŭ trees 
(Figure 1 and Figure 2). European isolates from conifers (Eur conifer 
type) shared a clade with the Jpn yellow pore form in the ITS tree 
(Figure 1), but one isolate possessed two sequence types which were 
assigned to the Eur hardwood type clade and the Jpn yellow form 
clade in the EF1Ŭ tree (Figure 2).  
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Figure 2.  One of the 8 most parsimonious trees obtained from the 
EF sequence data of Japanese and European Laetiporus isolates. 
Bootstrap value (>70%) is given above the branches. Tree 
length=41, CI=0.9756, RI=0.9925.   

 
 
Single spore isolates from the three Japanese taxa and the Eur 
hardwood type were incompatible with each other. The Eur conifer 
type was compatible with the Jpn yellow pore form. 
 
These results give strong supporting evidence that three Laetiporus 
taxa in Japan and Eur hardwood type are distinct species. The Eur 
conifer type is considered to be closely related to the Jpn yellow pore 
form but it has a relationship with the Eur hardwood type. More work is 
needed to clarify the phylogenetic and taxonomic status of the Eur 
conifer type. 
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CONFERENCE ABSTRACT 
Armillaria ostoyae is a root pathogen with circumboreal distribution; however, 
this species appears genetically variable with distinct ecological behavior in 
different regions. For example, A. ostoyae in the Colorado Plateau exists in 
drier habitats than A. ostoyae in the northwestern USA. Also, A. ostoyae of the 
Colorado Plateau appears more pathogenic on hardwoods, which are seldom 
affected in the northwestern USA. Previous reports indicate that A. ostoyae 
commonly causes root disease on Larix sp. in China; whereas, this pathogen 
only rarely impacts Larix sp. in the USA. In contrast, A. ostoyae is apparently 
absent from south-central Idaho, USA, even though suitable habitat, 
susceptible hosts, and other Armillaria species are present. These examples 
indicate that intercontinental and interregional movement of A. ostoyae could 
represent an invasive species risk. Furthermore, intraspecific hybridization 
could create pathogens with new ecological behavior and disease activity. 
Phylogeographic studies can provide a basis to assess potential invasive risks 
associated with A. ostoyae. 
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CONFERENCE ABSTRACT 
Coniferous trees are often dominant species in both boreal and temperate 
forests, wherein they play critical roles in ecosystem function. In natural 
environments, ecosystem stability appears to be the norm, notwithstanding the 
co-occurrence of insect and microbial species inherently capable of killing their 
host trees. Adaptive plasticity of host trees involving inducible mechanisms of 
resistance against invading organisms is likely to play a crucial role in these 
interactions. We hypothesize that systemic resistance induced by pathogens 
represents a common and important phenomenon in coniferous trees, allowing 
for a balanced allocation of resources between growth and defense. This 
hypothesis will be discussed in the context of root disease complexes, 
including those incited by root and butt rot pathogens. 

 

 
It is well known that host plant-mediated interactions between 
microbes and insects can be significant factors affecting the survival of 
coniferous trees, and thus the structure and function of temperate 
forest ecosystems, where they are often dominant species. For 
example, conifers visibly suffering from root disease (i.e. symptomatic 
trees) are more susceptible to colonization and immediate mortality 
caused by bark beetles. Eruptive bark beetle populations can then 
attack and kill virtually any host tree over extensive areas, irrespective 
of whether or not trees are infected with pathogens. Thus, root 
pathogens can directly and indirectly affect the survivability of trees to 
insect-caused mortality. Yet, the annual probability of the death of any 
particular tree caused directly by insect attack is relatively low. Many 
environmental factors undoubtedly contribute to tree susceptibility to 
insect attack, e.g. climatic extremes, soil conditions and nutrient and 
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water availability. However, extensive research suggests that tree 
survival is due, in large part, to effective defensive mechanisms 
against pathogen/insect colonization (2). For example, it is well known 
that localized defense responses make induced tissues more resistant 
to a subsequent insect attack (e.g. 4). But if this is true, why are trees 
showing symptoms of pathogenic infection usually more susceptible to 
pathogen and insect attack, since defenses should be induced in 
those trees? This apparent contradiction may have more to do with 
spatio-temporal relationships between attack by pathogens and 
insects than with species-specific host defense responses. In other 
words, the specific phenotype that one observes may depend on how 
and when a pathogenic infection alters whole-tree physiology in a way 
that affects subsequent insect behavior. 
 
Coniferous trees have evolved both constitutive and inducible defense 
systems that deter or kill insects and inhibit or exclude pathogens 
physically and/or chemically. Recent fossil evidence suggests that 
these systems have been operating for at least the past 45 million 
years in the Pinaceae (4). Traditionally, defense mechanisms have 
been classified as constitutive (available pre-attack) and induced 
(expressed post-attack). Induced defense mechanisms can be 
manifested as localized induced resistance and/or systemic induced 
resistance (SIR).  
 
SIR phenotypes against stem and branch pathogens have been 
observed in pine in response to pathogens. For example, Bonello et 
al. (3) demonstrated that resistance against the pitch canker 
pathogen, Fusarium circinatum, can be induced systemically in 
Monterey pine (Pinus radiata) in the field using mechanical 

inoculations with the same pathogen. Induced resistance was 
sustained and intensified with boost inoculations over the course of at 
least one and a half years. The natural occurrence of induced 
resistance to pitch canker has also been documented (5). 
 
Blodgett et al. (1) showed that SIR also occurs in Austrian pine (Pinus 
nigra).  When trees are inoculated with the necrogenic canker 
pathogen Diplodia pinea the whole stem becomes more resistant to 
subsequent inoculations with D. pinea. The phenomenon is 

bidirectional, suggesting that molecular signals move both acropetally 
and basipetally in the tree to elicit the SIR response (1). Work on this 
model pathosystem is beginning to reveal anatomical and biochemical 
changes that are associated with SIR in the stems. In particular, SIR 
may be linked to an integrated host defense response including 
enhanced lignin deposition, accumulation of certain soluble phenolics 
(1) and specific proteins (8), and induction of traumatic resin ducts and 
resin flow (7). Based on this evidence as well as other studies, we 
have proposed the systemic induced resistance hypothesis (SIRH), 
which predicts a dynamic interplay between trees, microbes, and 
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herbivores, underscored by SIR which can be sustained or transiently 
expressed, depending on the damage level resulting from the 
induction event (2) (Figure 1). 
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Figure 1. SIR hypothesis.  Diagram illustrating the interplay between 
systemic induced resistance and induced susceptibility in trees 
against microbes and herbivores.  A baseline level of constitutive 
resistance is present in all trees, but an induction event is predicted 
to induce SIR against both microbes and insects.  SIR is predicted to 
remain sustained for extended periods of time (a), unless the 
induction event results in severe impairment of the treeôs defensive 
machinery, with subsequent collapse of tree resistance (b) and 
expression of systemic induced susceptibility (SIS).  An example of 
this would be pines infected with a root pathogen.  Initially, i.e. in pre-
symptomatic stages, the pines would be more resistant to bark 
beetle attack and infection by bark beetle-associated fungi.  If the 
pine becomes symptomatic, then resistance begins to decline and 
results in the often observed increased susceptibility of symptomatic, 
root diseased pines to bark beetle infestation.  Response scales are 
arbitrary. From Bonello et al. (2). 

 
Besides providing a framework for understanding specific pathogen-
tree-insect associations, the SIRH offers a foundation for expansion of 
current plant defense theory, specifically those hypotheses addressing 
environmental effects on expression of host defense such as the 
growth differentiation balance hypothesis (GDBH) (6). 
 
The GDBH focuses primarily on plastic responses of constitutive 
secondary metabolism to variation in resource availability, and does 
not make predictions about expression of more or less rapidly induced 
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responses such as SIR to resource availability or pathogen infection. 
GDBH predicts a nonlinear, parabolic response of constitutive 
secondary metabolism across a resource gradient (Figure 2a). Rapidly 
growing plants in resource-rich environments are predicted to have 
low secondary metabolite concentrations due to a resource-based 
trade-off between primary and secondary metabolic pathways. 
However, secondary metabolism is predicted to increase under 
moderate water or nutrient limitation, as growth is more sensitive to 
resource limitation than is carbon assimilation. Consequently, 
substrate available for secondary metabolism may increase. However, 
in extremely resource-limited environments, carbon assimilation will 
also decrease, and secondary metabolism is predicted to be low due 
to energy and substrate constraints on biosynthesis. As pathogens 
can have a significant effect on carbon assimilation, we postulate that 
the time-course of pathogen infection may have a quadratic effect on 
the strength of SIR that is similar to spatial variation in constitutive 
secondary metabolism generated by resource availability (Figure 2b). 

A) B)A) B)

 
Figure 2. Postulated nonlinear effects of resource availability (A) and 
pathogen infection (B) on constitutive secondary metabolism and 
systemic induced resistance, respectively.  The quadratic response 
for SIR in (B) is somewhat different from that shown in Figure 1 to 
highlight the similarities with the model described in (A). 

 
We suggest that integration of the SIR and GDB hypotheses will 
provide a foundation for a better understanding of complex 
interactions among tree pathogens, their hosts, and associated 
pestiferous insects. 
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CONFERENCE ABSTRACT 
Lesions lengths were measured on inner bark of 2 year old clones of Picea 
sitchensis 35 days after inoculation with Heterobasidion annosum. 
Monoterpene responses were compared in 2 clones with short lesions (less 
susceptible) and 2 with long lesions (more susceptible). Less susceptible 

clones had higher proportions of (+)- -pinene, (-)- -pinene and unknown 
terpene 15 in constitutive resin, whereas more susceptible clones had higher 
amounts of (-)-limonene, and 3 unknowns. In secondary resin produced around 

lesions there was a decrease in -phellandrene and corresponding small 
increases in certain minor terpenes. Amounts of most monoterpenes increased 
in infected tissues. Inoculation with H. annosum resulted in an increase in 

unknown 19, whereas in more susceptible clones, concentrations of -3-carene 
and unknowns 13 and 16 increased. Differences in both constitutive and 
induced resin monoterpene profiles may provide useful markers for resistance 
to H. annosum for use in selection programmes. 

 

 
Clones of spruce vary in susceptibility to Heterobasidion infection, but 

the basis for this apparent resistance is unknown. Inoculations suggest 
that disease development is partly determined by host tree 
characteristics, with strong correlations between infection progress in 
4-year-old plants and 15-year-old trees. Resistance to Heterobasidion 

in spruce can be detected using inoculations and measuring lesion 
development, and with quantitative PCR (1, 6).   
 
Resin components of conifers are potential defensive responses, 
providing barriers to invading parasites (7); secondary resin with 
differing terpene profiles, is induced by pathogen attack (5). These 
traits may be suitable markers for host genotypes showing varying 
resistance or susceptibility to pathogens (3). 
 
The aim of the work reported here was to determine the potential of 
differential monoterpene responses in clones of Picea sitchensis as 
markers for susceptibility to H. annosum. 

 
Clones of Sitka spruce were inoculated with H. annosum (2).  Plants 
were harvested 35 days later and lesion lengths estimated; a cortical 
sample was collected from immediately around the lesion for each 
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ramet, avoiding healthy tissue.  A second cortical sample was excised 
25 cm above the wound (control: no wounding). 
 
Cortical tissues (0.2-0.5 g) from 4 less- and 5 more susceptible clones 
were used in gas chromatographic analysis following established 
methods (4). GC-FID analysis was performed using a Perkin-Elmer 
Autosystem XL GC and enantiomeric monoterpenes separated on a 
30 m Cyclodex-B capillary column, 0.25-mm-diam. Terpenes were 
identified by comparison of retention times with standards under the 
same conditions. Relative and total amounts of monoterpenes were 
calculated. 

Proportions (%) of terpene components were transformed (arcsine-
square root) to normalise data and subjected to ANOVA and Tukey 
post hoc tests. Differences between two groups were analyzed using 
T-tests. Data not normally distributed were analysed using Kruskalï
Wallis

 
ANOVA followed by the Mann-Whitney U Test for multiple 

comparisons and differences were accepted when P<5%. 

 
Lesion lengths varied significantly with clone (Figure 1). Regardless of 

clone or treatment, (-)- -pinene, (-)- -pinene, and -phellandrene 
were the major resin monoterpene constituents; minor components 

were (+)- -pinene, myrcene, sabinene, ŭ-3-carene (+)- -pinene, (-)-

limonene, (+)-limonene, -terpinene, terpinolene and 7 unknown 
compounds (Figure 2).   
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Figure 1. Lengths of lesions SE in the vascular cambium of Sitka 
spruce clones 35 days after inoculation with Heterobasidion 
annosum arranged, left to right, in order of increasing length. 
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Figure 2. Comparisons of terpene profiles in cortical samples 
collected 25 cm above the wound of Sitka spruce clones less 
susceptible (g) or more susceptible (c) to Heterobasidion 
annosum. Vertical bars represent SE. Different letters above bars 
indicate significantly different means (Mann-Whitney test).  

 
Relative contents of several terpenes varied significantly between 4 
less- and 5 more susceptible  trees (Figure 3a,b). 

 
The availability of Sitka spruce genotypes resistant to H annosum is 

relevant for re-planting sites badly affected by the disease.  The 
conclusions of earlier work on inoculated clones of Norway spruce 
were reinforced by the considerable and significant variation in lesion 
development observed in this study and by quantitative PCR (1). 
Enantiomeric monoterpene contents differed between clones; further 
differences emerged following wounding only or wounding plus 
inoculation with H. annosum. 
 
These data suggest that terpenes may be useful markers for 
resistance/ susceptibility of different host genotypes to H. annosum.   

Further research is needed to investigate the role of monoterpenes in 
defenses mobilized in P. sitchensis in response to attack by H. 
annosum and in elucidating the possible use of enantiomeric 

monoterpene profiles as an aid to selection of Sitka spruce 
chemotypes less susceptible to infection. 
 
Heterobasidion spp. pose serious threats to all spruce plantings and, 

as found with other clonal crops, lack of genetic variability could lead 
to pest and disease outbreaks more serious than found in 
heterogeneous host populations. It is important, therefore, to explore 
the full range of susceptibility of spruce clones to H. annosum, and to 

establish long-term trials to examine the durability of any observed 
resistance with time. 
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Figure 3. Changes in Sitka spruce terpene profiles in (A) less 
susceptible and (B) more susceptible clones in the absence of 
wounding (c), wounded plus inoculated with Heterobasidion 
annosum (g) or wounded only (    ).  Vertical bars represent SE. 
Different letters above bars indicate significantly different treatment 
means (Mann-Whitney test). 

 
 

 

 

A 

B 

 



SESSION II: GENOMICS AND PLANT-PATHOGEN INTERACTION 

Proceedings of the 12
th
 International Conference on Root and Butt Rots of Forest Trees 

36 

 

 
ACKNOWLEDGEMENTS 

This work was supported by the EU-funded RESROBS programme 
(QLRT-2000-00241). S. Bianchi, W.J.A Bodles, E. Beckett, J. 
Hutcheon, D.G. Moseley and L. Whiteoak assisted with inoculations 
and analyses, and Dr. B. Karlsson, Skogforsk, Sweden gave advice 
on statistical procedures. 
 
REFERENCES 
1. Bodles, W. J. A., Fossdal, C. G., Woodward, S. 2006. Multiplex 

Real-Time PCR detection of pathogen colonisation in the bark 
and wood of Picea sitchensis clones with different levels of 
resistance to Heterobasidion annosum. Tree Physiol. 26:775-782. 

2. Bodles, W. J. A., Beckett, E., Woodward, S. 2007. Responses of 
Sitka spruce from different origins to inoculation with 
Heterobasidion annosum: fungal growth, lesion development 

resin duct development and lignosuberized boundary zone 
formation. For Path. 37:174-186. 

3. Michelozzi, M., White, T. L., Squillace, A. E., Lowe, W. J. 1995. 
Monoterpene composition and fusiform rust resistance in slash 
and loblolly pines. Can. J. For. Res. 25:193-197. 

4. Raffa, K. F., Smalley, E. B. 1995. Interaction of pre-attack and 
induced monoterpene concentrations in host conifer defense 
against bark beetle-fungal complexes. Oecologia 102:285-295. 

5. Schmidt, A., Zeneli, G., Hietala, A. M., Fossdal, C. G., Krokene, 
P., Christiansen, E., Gershenzon, J. 2005. Induced chemical 
defenses in conifers: biochemical and molecular approaches to 
studying their function. In: Chemical Ecology and Phytochemistry 
in Forest Ecosystems. Romeo J.T. (ed.). 39. Elsevier, 
Amsterdam, pp. 1-28. 

6. Swedjemark, G. and Stenlid, J. 1994. Variation among Norway 
spruce clones and Heterobasidion annosum isolates in 

greenhouse inoculations. In: Proc. 8
th
 International Conference  

on Root and Butt Rots. Johansson M., Stenlid J. (eds.), Swedish 
University of Agricultural Sciences, Uppsala, pp. 10-16. 

7. Zamponi, L., Michelozzi, M., Capretti, P. 2006. Effects of four 
monoterpenes on the growth in vitro of some Heterobasidion spp. 
and two Leptographium species. J. Plant Dis. Protect. 113:164-

167. 
 



SESSION II: GENOMICS AND PLANT-PATHOGEN INTERACTION 

Proceedings of the 12
th
 International Conference on Root and Butt Rots of Forest Trees 

37 

 

 

Are terpenes involved in cross induction of systemic 
susceptibility between Heterobasidion annosum and 

Diplodia pinea in Italian stone pine? 
 

P. CAPRETTI
1
, N. LUCHI

1
, M. MICHELOZZI

2
 AND P. BONELLO

3
 

 
1 

Department of Agricultural Biotechnology, Plant Pathology 
Section, University of Florence, 50144 Firenze, Italy. 
2
 Institute of Plant Genetics, National Research Council, 50019, 

Firenze, Italy. 
3
 Department of Plant Pathology, The Ohio State University, 

Columbus, OH 43210, USA.  

 
CONFERENCE ABSTRACT 
The recent finding of the North American P (Nam-P) type of Heterobasidion 
annosum in Italian pinewoods opens up some intriguing questions about its 
behaviour on the hosts and also on the possible interactions with local fungal 
pathogens. This study showed that infection of Italian stone pine (Pinus pinea) 
with H. annosum, both European P (Eur-P) and Nam-P isolates, increases 
susceptibility of pine to Diplodia pinea shoot blight. This systemic increase in 
susceptibility was associated with systemic alteration of terpene metabolism. 
The study showed that pines inoculated with the Nam-P isolate became more 
susceptible to D. pinea than hosts inoculated with the Eur-P isolate. The 
significance of these results will be discussed in the context of current models 
of conifer defense against pathogens as well as the effects of exotic pathogens 
on native ecosystems. 

 

 
Heterobasidion annosum s.s. is an important root and butt-rot fungal 

pathogen of coniferous trees, especially pines (6). In the last few 
years, H. annosum s.s. North American P-group (Nam-P), has been 
found along the coastal Latium Region of Italy, where this species 
coexists, possibly since the 1940s, with the native European P-group 
in Italian stone pine (Pinus pinea L.) forests (3, 5). 

 
The new finding of Nam-P on the Italian peninsula opens some 
intriguing ecological questions. Tree-mediated cross-induction of 
resistance and/or susceptibility between two different pathogens, and 
between a pathogen and an insect, has been documented in Austrian 
pine (Pinus nigra Arnold) (2, 4).  Furthermore, pathogen-induced 

systemic resistance and susceptibility in Austrian pine are associated 
with changes in host biochemistry and physiology (1). 
 
The aim of this study was to characterize the behavior of both P-
groups of H. annosum  in P. pinea and the possible interactions with 
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other endemic fungal pathogens like Diplodia pinea, a mitosporic 
fungus that causes shoot blight and canker in conifers, including P. 
pinea (8). 

 
Three-yr-old, potted P. pinea seedlings were inoculated (induced) with 
either H. annosum Eur-P or Nam-P inoculations on the stem, 8-cm 

above ground. Three weeks later a second inoculation (challenge) 
was carried out with D. pinea on the apical shoot, 3-cm above the 
terminal node. Unwounded and mock-inoculated trees were used as 
controls. 
 
Two weeks after the shoot challenge with D. pinea stem and shoot 
lesion lengths were measured. Fungal presence in stems and shoots 
was confirmed by re-isolation from the lesion margins, following (7). At 
the same time, small tissue samples (< 0.3 g fresh weight) were 
removed near the margins of the lesions on shoots and stems to 
determine absolute and relative concentrations of monoterpenes by 
gas chromatography-flame ionization detection.  Lesion length and 
monoterpene concentrations were analyzed by ANOVA to determine 
the effects of basal inoculation with H. annosum on susceptibility to D. 
pinea, as well as the association between susceptibility and altered 

monoterpene concentrations in the shoots. 
 
Results showed cross-induction of susceptibility between H. annosum 
and D. pinea: Seedlings inoculated with H. annosum (both Nam-P and 
Eur-P isolates) had significantly longer lesions caused by D. pinea in 
the shoots than the controls. Furthermore, D. pinea shoot lesions were 

significantly longer in seedlings inoculated with Nam-P than Eur-P. 
 
The analysis also showed that the main monoterpenes accumulating 

in the tissues were (-)-limonene (~ 60.0%), (-)- -pinene (~25.0%). 

Minor compounds, ranging between 1-7%, were (-)- -pinene, p-

cymene, -caryophyllene, (+)- -pinene, -terpineol and (+)- -pinene. 
Significant differences were found in the amounts of monoterpenes 
accumulating in shoots infected with D. pinea: Seedlings induced with 
H. annosum (both Nam-P and Eur-P) accumulated lower amounts of 
monoterpenes than the induction controls. 
 
In summary, two major results were obtained in this study: (i) the 
Nam-P isolate of H. annosum increased systemic susceptibility of 
Italian stone pine to D. pinea, compared to the indigenous Eur-P; and 

(ii) such increased susceptibility was associated with decreased 
amounts of monoterpenes, suggesting that this class of compounds 
may be one of the resistance mechanisms used by Italian stone pine 
to restrict D. pinea in the shoots. 

 
 
 



SESSION II: GENOMICS AND PLANT-PATHOGEN INTERACTION 

Proceedings of the 12
th
 International Conference on Root and Butt Rots of Forest Trees 

39 

 

REFERENCES 

1. Bonello, P., Gordon, T. R., Herms, D. A., Wood, D. L., Erbilgin, N. 
2006. Nature and ecological implications of pathogen-induced 
systemic resistance in conifers: A novel hypothesis. Physiol. Mol. 
Plant P. 68:95-104. 

2. Blodgett, J. T., Eyles, A., Bonello, P. 2007. Organ-dependent 
induction of systemic resistance and systemic susceptibility in 
Pinus nigra inoculated with Sphaeropsis sapinea and Diplodia 
scrobiculata. Tree Physiol. 27:511-517. 

3. DôAmico, L., Motta, E., Annesi, T., Scir¯, M., Luchi, N., Hantula, J., 
Korhonen, K., Capretti P. 2007. The North American P group of 
Heterobasidion annosum s.l. in widely distributed in Pinus pinea 
forests of the western coast of central Italy. For. Path. 37:303-320. 

4. Eyles, A., Chorbadjian, R., Wallis C. M., Hansen, R. C., Cipollini, 
D. F., Herms D. A., Bonello, P. 2007. Cross-induction of systemic 
induced resistance between an insect and a fungal pathogen in 
Austrian pine over a fertility gradient. Oecologia 153:365-374. 

5. Gonthier, P., Nicolotti, G., Linzer, R., Guglielmo F., Garbelotto, M. 
2007. Invasion of European pine stands by a North American 
forest pathogen and its hybridization with a native interfertile taxon. 
Mol. Ecol. 16:1389ï1400. 

6. Korhonen, K., Capretti, P., Karjalainen, R., Stenlid, J. 1998. 
Distribution of Heterobasidion annosum intersterility groups in 
Europe. In: Heterobasidion annosum: biology, ecology, impact and 
control. Woodward S., Stenlid J., Karjalainen R., Hüttermann A. 
(eds.). CAB International, Wallingford, UK, pp. 93-104. 

7. Stanosz, G. R., Blodgett, J. T., Smith, D. R., Kruger, E. L. 2001. 
Water stress and Sphaeropsis sapinea as a latent pathogen of red 
pine seedlings. New Phythol.149:531ï538. 

8. Vagniluca, S., Goggioli, V., Capretti, P. 1995. Cankers and shoot 
blights of Pinus pinea in Italy. In: Shoot and foliage diseases in 

forest trees. Proc. of a Joint Meeting of the IUFRO Working Parties 
S20602 and S20604. Vallombrosa, Firenze, Italy. pp. 284-286. 



SESSION II: GENOMICS AND PLANT-PATHOGEN INTERACTION 

Proceedings of the 12
th
 International Conference on Root and Butt Rots of Forest Trees 

40 

 

 

Microarray analysis of conifers response to 
Heterobasidion annosum at different stages of organ 

development and disease resistance 
 

A. ADOMAS
1
, M. LIND

1
, G. SWEDJEMARK

2
, C. SMITH

3
, 

R. SEDEROFF
4
,

 
R. FINLAY

1
,

 
Å. OLSON

1
, J. STENLID

1
 AND 

F.O. ASIEGBU
1 

 
1
 Swedish University of Agricultural Sciences, Department of 

Forest Mycology and Pathology, Uppsala, Sweden. 
2 
SkogForsk, Uppsala, Sweden. 

3
 North Carolina State University, Bioinformatics Research 

Center, Raleigh, USA. 
4
 Forest Biotechnology Laboratory, NCSU, Raleigh, USA. 

 
CONFERENCE ABSTRACT 
A microarray profiling of juvenile P. sylvestris roots harvested at 1, 5 and 15 
days after challenge with Heterobasidion annosum revealed multiple 
overlapping strategies employed for defence purposes. Production of 
pathogenesis-related enzymes and antimicrobial proteins was supplemented 
by a major shift in primary and secondary metabolism. A wide range of 
oxidative stress protecting mechanisms was documented, possibly related to 
the programmed cell death.  Analysis of defence response of the matured 
woody spruce clones with varying level of resistance to H. annosum identified 
genes differentially expressed by all clones that might have a role in basic 
defence. On the other hand, genes expressed only by highly resistant clones 
might contribute to the most successful defence against the pathogen and may 
be useful candidates for breeding. The spruce clone with low resistance to H. 
annosum responded to the infection with down-regulation of few defence 
related genes which may account for its susceptibility to the pathogen. 
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CONFERENCE ABSTRACT 
Laminated Root Rot, an important disease of the Pacific coastal Douglas-fir 
(DF, Pseudotsuga menziesii var. menziesii [Mirb.] Franco), is caused by the 
fungus Phellinus sulphurascens Pilát. Little is known about the hostïpathogen 
interaction between Douglas-fir and P. sulphurascens at cellular and molecular 
levels. Microscopic investigations showed that P. sulphurascens hyphae 
colonize the surface of DF seedling roots within 2 days. Penetrating hyphae, 
which are both intra and intercellular, also form a variety of haustoria-like 
structures. We found variation in the cellular localization of PR proteins in 
infected DF roots. A thaumatin-like protein (PmTLP) and an endochitinase-like 
protein (ECP) were highly expressed and localized in specific regions of host 
cell walls. A DF-PR10 protein was localized in cell walls and in the cytoplasm, 
while PmAMP1 occurred mostly around cell walls. Proteomic analysis showed 
that the major proteins differentially expressed in infected seedlings included 
those in six functional groups, namely- disease/defense, metabolism, 
secondary metabolism, signal transduction, transcription factors, and energy. 
Our future research includes investigation of gene expression in families of DF 
known to be differentially susceptible to P. sulphurascens. 

 

 
Laminated root rot (LRR), caused by Phellinus sulphurascens Pilát, is 
an important disease of Douglas-fir (Pseudotsuga menziesii var. 
menziesii [Mirb.] Franco) in northwestern North America (2). The 
fungus is capable of attacking and killing trees of all ages and can 
have a profound effect on forest productivity. Little is known about the 
hostïpathogen interaction between DF and P. sulphurascens, 

especially at the cellular and molecular level. Previously, we identified 
several pathogenesis-related (PR) proteins upregulated in infected 
trees. These proteins include a thaumatin-like protein (PmTLP), an 
endochitinase protein (ECP), a PR-10 protein (Pse m I) and a 10.6-
kDa antimicrobial peptide, PmAMP1 (1). Using histochemical and 
proteomics techniques we have gained additional information on the 
role of these four proteins and others, in the DF-P. sulphurascens 

interaction. 
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DF seedlings were inoculated with P. sulphurascens using an in vitro 

technique that we developed to study this pathosystem (1). Protein 
accumulation and localization in control and infected root tissues was 
evaluated using an array of techniques such as fluorescence light 
microscopy (we used fluorescein isothiocyanate - FITC), scanning 
electron microscopy (SEM), and transmission electron microscopy 
(TEM) employing colloidal gold (10 nm conjugated ovomucoid- wheat 
germ agglutinin and 20 nm-protein A conjugated with selected 
antibodies). 
 
Total proteins extracted at 7 days post inoculation (dpi) from infected 
and control DF roots were separated, silver-stained and analyzed 
using a computer interfaced Imaging Densitometer and PDQUEST

® 

software (Bio-Rad). Selected proteins were further analyzed by liquid 
chromatographyïtandem mass spectrometry (LCïMS/MS) analysis, 
followed by sequence homology searches against MASCOT and 
PEAKS databases. 
 

Our SEM work revealed that the early stages of infection of DF roots 
by P. sulphurascens includes mycelial adhesion on the root surface at 
2 dpi, the formation of appressoria-like structures, disintegration and 
penetration of host cell walls, and the development of haustoria inside 
host tissues (Figure 1). We previously reported the presence of P. 
sulphurascens mycelia inside host tissues at 3 dpi and colonization in 
root cortical tissues at 7 dpi. FITC-conjugated immuno-labelling of our 
four specific proteins showed an increasingly prominent fluorescence 
throughout cortical tissues from 7 dpi to 12 dpi (1). 
 
We also found variation in cellular localization of the four PR proteins. 
Our TEM work showed that PmTLP and ECP were highly expressed 
and localized in the appositions of host cell membranes. Pse m I was 
localized in cell walls and in the cytoplasm, while PmAMP1 mostly 
occurred in cell walls (Figure 2). 
 
Gold labelling of the four PR proteins was often associated with P. 
sulphurascens hyphae. For example, ECP-gold labelling occurred in 
fungal cell walls along with WGA-gold labelling. PR-10 labelling was 
observed in the walls and cytoplasm of fungal cells and PmAMP1 
labeling occurred either inside P. sulphurascens hyphal cells or very 

close to them (Figure 3). 
 
2-DE gels resolved a total of 1303 proteins from control and 7 dpi root 
samples; of these, 74 upregulated and 85 downregulated proteins 
were statistically significant (P <0.05). 
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Figure 1. SEM micrographs of (A) P. sulphurascens hyphae (PsH) 
adhered to the surface of a DF root and the host tissues (HT) 
penetrated by hyphae, and (B) the development of an 
appressorium (see arrow) on DF root surface; TEM micrographs 
showing (C) a host cell (HC), in this case an epidermal cell, 
covered by P. sulphurascens hyphae (stars) and its cell wall (HCW) 
penetrated by an haustorium (see arrow), and (D) fungal-induced 
disintegration of one of the hostôs cortical cells. 
 

 
Figure 2. TEM micrographs showing the labelling of (A) PmTLP- 
(B) ECP-, (C) Pse m I- and (D) PmAMP1-conjugated protein A-gold 
particles in host cells (HC) and host cell walls (HCW) of DF infected 
by P. sulphurascens. 
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Identification of 47 upregulated (Figure 4) and 23 downregulated 
proteins using LCïMS/MS showed that the major proteins differentially 
expressed in infected seedlings included those in six functional groups, 
namely - disease/defense (27%), metabolism (16%), transcription 
factors (11%), signal transduction (10%), secondary metabolism (7%), 
and energy (4%). Overall, our results indicate that roots of DF 
seedlings respond quickly to P. sulphurascens infection at the cellular, 
subcellular, and molecular level.  
 
 
 

 

 
 

Figure 3. TEM micrographs showing the association of (A) ECP-, 
(B) Pse m I-, and (C) PmAMP1- conjugated protein A-gold particles 
with P. sulphurascens hyphae (PsH) in infected host cells (HC) of 
DF; WGA-conjugated gold particle labelling of chitin in P. 
sulphurascens cell walls confirms their fungal status. 

 
 
Our future research includes investigation of gene expression in DF 
families known to be differentially susceptible to P. sulphurascens and 
the identification of molecular markers for LRR resistance to be used 
by DF breeders. 
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Figure 4. 2-DE silver-stained gel showing the proteins upregulated 
at 7 dpi in DF roots infected with P. sulphurascens; protein spots 
were excised for LC-MS/MS analysis. 
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Host response to infection by Armillaria ostoyae in the 
roots of Douglas-fir and western redcedar in the southern 

interior of B.C. 
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CONFERENCE ABSTRACT 
Necrophylactic periderm formation and compartmentalization of infected tissue 
were examined in roots of 20-30 year-old western redcedar (Thuja plicata), 
western hemlock (Tsuga heterophylla) and Douglas-fir (Pseudotsuga 
menziesii) trees infected by Armillaria ostoyae in the southern interior of British 
Columbia (B.C). Microscopic investigation of abiotically wounded roots, as well 
as roots naturally infected and inoculated with A. ostoyae revealed distinct 
differences in the types and frequency of host responses between cedar and 
the other two conifers. Following invasion by A. ostoyae, a higher frequency of 
successful resistance reactions was induced in western redcedar compared to 
Douglas-fir and western hemlock. Breaching of non-suberized impervious 
tissue (NIT) and NP was common in Douglas-fir and western hemlock trees. 
The barrier zone in cedar formed by the uninjured cambium was comprised of 
axial parenchyma with pigmented deposits and provided a permanent barrier to 
spread by the fungus. Unique resistance mechanisms in cedar involving 
induced rhytidome formation impart increased resistance to the spread of A. 
ostoyae in host tissue. Results indicate that the higher degree of resistance 
against A. ostoyae in western redcedar may help alleviate long-term impacts of 
root disease when regenerated on sites infested with Armillaria root disease. 

 

 
Armillaria root disease is a significant forest health concern in 
southern interior forests of British Columbia. Armillaria ostoyae 
(Romagn.) Herink is most predominant and damaging in the Interior 
Cedar-Hemlock (ICH) biogeoclimatic zone. Within this zone, 
aboveground symptoms of Armillaria can be detected in only one-

quarter of the trees with belowground infection (2). Cumulative 
mortality can be as much as 20% by age 20 years (1) resulting in 
undesirable stocking in juvenile stands.  Moreover, growth loss will 
occur in trees sustaining non-lethal infections and the probability of 
infection increases with increasing tree size (3). Ultimately, these 
losses can become considerable over time and create serious 
challenges for managing sustainable timber production on infested 
sites.    
 
Few options are available to mitigate potential losses due to Armillaria 
root disease.  Removal of stumps from the ground is a very effective 
means of reducing the amount of woody inoculum that would 
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otherwise be available to the fungus.  Another less intrusive option is 
to plant conifer species that have a low susceptibility to killing by A. 
ostoyae.  

 
In this study, microscopic examination of infected root tissue showed 
resistant mechanisms operating in western redcedar (Thuja plicata 

Donn ex D. Don) that are effective at containing infections and halting 
the spread of the fungus to adjacent healthy tissue.  Data obtained 
from four inoculation trials on 20-30 year old trees showed that the 
frequency at which resistant reactions, including necrophylactic 
periderm (NP) formation and compartmentalization of infected woody 
tissue, are induced following invasion by the fungus was significantly 
higher in western redcedar trees than in Douglas-fir (Pseudotsuga 
menziesii (Mirb) Franco) and western hemlock (Tsuga heterophylla 

(Raf.) Sarg.) trees (Figure 1). 
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Figure 1.  Successful resistance reactions as a proportion of the 
total number of roots showing successful penetration by the A. 
ostoyae in Douglas-fir (Fd), western hemlock (Hw) and western 
redcedar (Cw) trees. 

 
In a survey of twenty juvenile mixed conifer plantations throughout the 
ICH zone in the southern Interior of British Columbia, cumulative 
mortality in Douglas-fir trees was significantly higher than in western 
redcedar trees (P<0.001) (Table 1). 
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Table 1.  The proportion of the total number of trees by disease 
status category for Douglas-fir and western redcedar. 

 
 
 
 
 
 
 
 
 

The probability of mortality among trees infected by A. ostoyae 

depended on both species and tree size (P < 0.001).  The incidence of 
mortality was significantly greater in the smaller diameter size classes 
than in the larger size classes for both species and cedar mortality 
was consistently lower than Douglas-fir.  Although the risk of mortality 
decreased with increasing tree size in both species, the rate of 
decrease was noticeably greater among cedar compared to Douglas-
fir trees (Figure 2). There was an increasing trend in the proportion of 
infected trees showing compartmentalization and callusing with tree 
size for both western redcedar and Douglas-fir, but the increase was 
markedly greater for cedar than Douglas-fir trees and occurred much 
earlier even when the trees were relatively small (Figure 3).  
 
When Armillaria invades the bark on roots, the host may form a NP to 

contain the infection.  Cedar appears to form this ñresistantò reaction 
more frequently than other conifers by initiating NP formation as well 
as a unique response involving induced rhytidome formation around a 
site of initial penetration by the fungus.  Following cambial invasion on 
cedar roots, the fungus is rapidly compartmentalized and it is rare the 
fungus will escape this barrier once formed. 
 

 
 

 
 

SPECIES 

DISEASE STATUS Douglas-fir  Western redcedar 

 

Healthy 

 

0.69 

 

0.95 

Infected by A. ostoyae (PROGRESSIVE)
a
  0.06 tr

b
 

Infected by A. ostoyae (CALLUSED)
c
 0.01 0.03 

Dead (KILLED by A. ostoyae) 0.25 0.02 

Dead (unknown/other factors) tr
d 

tr
d
 

 

Total 

 

1.00 

 

1.00 

 (n=2396) (n=2169) 

a
  Progressive lesions are defined as infections at the root collar that lack 

evidence of NP formation in the bark or compartmentalization.  Lesions 
appeared as browned tissue in advance of mycelial colonization 
b
  tr = proportion of trees with progressive lesions at the root collar was less 

than 0.005 
c
  Callused lesions are defined as infections at the root collar that were 

compartmentalized and spread of the fungus had been stopped 
d
  tr = proportion of trees killed by unknown/other factors was less than 0.005 
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Figure 2.  Mortality in Douglas-fir (Fd) and western redcedar (Cw) 
as a proportion of the total number of trees with above-ground signs 
or symptoms of A. ostoyae by size class. 
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Figure 3.  Callused lesions at the root collar in Douglas-fir (Fd) and 
western redcedar (Cw) as a proportion of the total number of trees 
with above-ground signs or symptoms of A. ostoyae by size class. 

 

In this study, symptom development and mortality rates for cedar is in 
agreement with other work documenting effective root disease 
resistance for this species.  Belowground infection on both Douglas-fir 
and western redcedar was almost certainly higher than what was 
detected in this study.  However, based on our inoculation studies, it is 
more likely that the presence of such resistance mechanisms results 
in an infection being confined to tissue immediately surrounding a 
point of invasion, thereby limiting the extent of cambial invasion which 
might otherwise result in higher mortality rates in cedar.   
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Results of this study suggest that the higher degree of resistance 
against A. ostoyae in western redcedar may help alleviate long-term 

impacts of root disease when regenerated on sites infested with 
Armillaria root disease.   
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Molecular studies of Heterobasidion annosum s.l. during 
interaction with heartwood and the reaction zone 
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CONFERENCE ABSTRACT 
The root-rot causing fungus Heterobasidion annosum sensu lato is the most 
devastating pathogen of conifers in Europe. This pathogen enters Norway 
spruce through the roots and can colonize the tree from within, growing as a 
saprophyte when established within the dead heartwood and acting as a 
necrotroph when in contact with living host tissue. Despite the high incidence of 
damage, trees have defences against this pathogen in the bark and living 
wood. Furthermore, spruce has a defense against internal attack by forming a 
reaction zone, in this case the host defense is directed inwardly by the still 
living sapwood toward the central colonized heartwood.  We have studied the 
host responses to infection in Norway spruce clones at the transcriptional level 
and found that the speed of recognition and that spatial defense signalling 
appears to be the hallmarks of trees with high degree of resistance. We strive 
to study both partners in this pathosystem from a molecular perspective, and 
are now focusing on the pathogen and what fungal gene-products are being 
expressed during the colonization of the heartwood compared to those 
expressed close to the active host defense (reaction zone) using suppressive 
subtractive hybridization followed by Real-Time PCR analysis. In addition the 
Heterobasidion colonization profiles were followed using quantitative Real-
Time PCR on extracted gDNA. 

 

 
We strive to study both partners in our pathosystem from a molecular 
perspective, and focus on the pathogen H. annosum S-type (H. 
pParviporum) gene-products being expressed during the colonization 
of the central heartwood compared to those expressed close to the 
active host defense (reaction zone) using suppressive subtractive 
hybridization. 
 
The root-rot causing fungus Heterobasidion annosum sensu lato is the 

most devastating pathogen of conifers in Europe. This pathogen 
enters Norway spruce through the roots and can colonize the tree 
from within, growing as a saprophyte when established within the 
dead heartwood and acting as a necrotroph when in contact with living 
host tissue. Despite this high incidence of damage the tree has 
efficient defences against this pathogen and the attack is eventually 
fought off if present in the bark or living wood. The tree also has a 
defense against this internal attack by forming a reaction zone, in this 
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case the host defense is directed inwardly by the still living sapwood 
toward the central colonized heartwood.  We have in the last years 
studied the host responses to infection in Norway spruce clones at the 
transcriptional level and found that the speed of recognition and that 
spatial defense signalling appears to be the hallmarks of trees with 
high degree of resistance (3, 4). We strive to study both partners in 
this pathosystem from a molecular perspective, and are now focusing 
on the pathogen H. parviporum and what fungal gene-products 
important for colonization of the heartwood. 
 
Three mature Norway spruce trees colonized naturally by H. 
parviporum were chosen for the study. Five-centimeter-thick wood 
disks were cut at the height of 0.3 m above ground, and frozen 
immediately in liquid nitrogen to keep the fungal hyphae with their 
genomic DNA (gDNA) and RNA intact. H. parviporum gene-products 

being expressed during the colonization of the central heartwood 
(HW) compared to those expressed close to colonization front (CF) 
using suppressive subtractive hybridization (SSH) followed by Real-
Time RT PCR (qRT PCR) analysis. In addition the H. parviporum 

colonization profiles were followed on extracted gDNA using 
quantitative Real-Time PCR (4). 
 
We used the SSH method to obtain arrays of genes expressed during 
colonization of Norway spruce stems by H. parviporum. Two cDNA 
libraries have previously been constructed to identify genes expressed 
by Heterobasidion spp. The first was constructed from mycelia of H. 
annosum s.s. interacting with roots of two-week-old Scots pine 

seedlings (2), while the second library was constructed from spores of 
H. parviporum germinating on Hagem agar (1).  

 
In natural infection of Norway spruce by Heterobasidion annosum s.l., 

the reaction zone forming in the interface between sapwood and 
heartwood in advance of pathogen colonization is characterized by an 
accumulation of antifungal host substances to border the spreading of 
the infection into the conductive sap wood. It can be envisioned that 
pathogen metabolism shows differences between a normal decay 
situation and a stress situation when exposed to the components of 
the reaction zone. Two subtracted cDNA libraries were constructed 
using RNA extracted from an advanced stage of decay (HW) and from 
colonization front (CF) in the immediate vicinity of the reaction zone. 
Since natural infection was now used, the subtracted cDNA libraries 
constructed should provide the first realistic insight into the 
transcriptome of H. parviporum operative upon wood colonization.  

 
The obtained and sequenced SSH libraries were of high quality, and 
most of the sequences we obtained and annotated are likely to 
contain cDNA corresponding to Heterobasidion genes. To confirm that 
all the genes now monitored represent Heterobasidion transcriptome 



SESSION II: GENOMICS AND PLANT-PATHOGEN INTERACTION 

Proceedings of the 12
th
 International Conference on Root and Butt Rots of Forest Trees 

53 

 

we tested the primers used for transcript profiling on genomic DNA 
and cDNA obtained from a pure culture of the pathogen. Using cDNA 
we obtained clear single bands with the predicted size after gel 
electrophoresis for all the transcripts now monitored. For genomic 
DNA, a few genes produced larger PCR products than cDNA, which is 
most likely due to the presence of introns in the targeted areas.  
 
The H. parviporum subtracted cDNA libraries we constructed contain 
a wide range of genes encoding proteins involved in different 
functions of the fungal cell such as those involved in protein synthesis, 
metabolism, signal transduction, transport, cell cycle and DNA 
processing as well as defense and detoxification. In addition, a 
significant amount of genes with unknown functions, hypothetical 
classifications or that had no homologies with sequences deposited at 
gene sequence databases were found. Most of the unknown genes 
were found in the CF library. The high representation of unknown 
genes in the library is not surprising as practically no molecular or 
genomics studies have been performed on the interaction of decay 
fungi with reaction zone components. Such ESTs induced during 
fungal-host interaction are promising candidates to be further studied. 
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CONFERENCE ABSTRACT 
Trees in a first generation 40-year-old Norway spruce stand were classified as 
healthy or decayed based on a bore core taken at stump height. A total of 
ninety pairs of one healthy and one decayed tree were chosen based on the 
above classification. In 42 of the pairs the decayed tree (the donor tree) was 
felled. In the other 48 pairs the decayed tree was left intact. The recipient trees 
in the pairs were checked for decay based on one bore core taken at stump 
height, 3 and 10 years after felling. Thirteen years after felling of donor trees, 
all recipient trees in the pairs were felled, decay frequency, diameter and 
height of the rot column were analysed. The decay frequency increased during 
13 years from 0% to ca 95% in recipient trees with a decayed neighbour within 
2 m distance. Mean height of the rot column was 4 m and maximum height was 
10 m. Frequencies did not differ between treatments. Ca. 26% of the recipient 
trees in the pairs had died; frequency of mortality differed significantly between 
treatments. Results from this trial indicates that spread rate of Heterobasidion 
does not increase if decayed neighbours are cut but the intensity in the attack 
(higher frequency of dead recipient trees) may be increased when cutting the 
rot donor. The horizontal spread rate in a stem may reach 1 m per year. 

 

 
The root-rot fungus Heterobasidion spp. is the most serious of the root 

pathogens attacking Norway spruce in Scandinavia. The fungus 
spreads primarily via spores that settle, germinate and form mycelia 
on freshly cut stumps. The mycelium then transfers from infected 
stumps or trees to healthy trees via root contacts (5). 
 
The annual extension rates of Heterobasidion in the stem varies 

between 0.3 and 0.9 m x year 
-1

 (3, 5). In inoculated roots of Norway 
spruce stumps an annual extension of 25 cm x year 

-1
 have been 

reported, compared to 9 cm x year 
-1

 in roots of living trees (1).   
 
The effects of removal of Heterobasidion infected trees have been 

discussed. Since the spread rate of the pathogen is faster in dead 
stump roots than in live tree roots, the disease problem may 
aggravate by cutting decayed trees. On the other hand, stumps 
invaded by saprophytes may block the spread of Heterobasidion (1). 
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The hypothesis tested in this study was if Heterobasidion spreads 

faster from the root system of a clear-cut decayed tree than from an 
intact decayed tree to a healthy neighbour.  
 
Site. The first generation Norway spruce stand was planted in 1952 

with 2 m spacing and thinned in 1974 and in 1986. In 1991 the trees 
were classified as healthy or decayed based on 2 bore cores taken at 
stump height. Heterobasidion spp. was found in 41.5% of the 691 

trees.  
 
Experimental design. A total of ninety pairs of one healthy and one 
decayed tree were chosen based on the above classification. The 
trees in the pairs were not more than ca 2.5 m apart. In 42 of the pairs 
the decayed tree (donor tree) was felled and the diameter of decay at 
stump height and the height of the rot column was measured (felled 
donor treatment). In the other 48 pairs the decayed trees were left 
intact (intact donor treatment). 
 
Assessments. In 1994 and in 2001 one bore core was taken at stump 
height from all the recipient trees in the pairs. In 2004 all the recipient 
trees were felled. The tree and decay diameter was measured at 
stump height and the height of the rot column was measured. 
 
After 13 years ca 95% of the recipient trees in the two treatments were 
decayed. Mean height of the decay column was 4 m and maximum 
height was 8 and 10 m, respectively in felled and intact donor. There 
were no significant differences in decay frequencies and mean height 
of discoloration between the two treatments. Totally, 25.6 % of the the 
recipient trees had died. In felled donors, 15 of the recipient trees had 
died compared to only 8 trees intact donors (p<0.05) (Table 1). 
 
Previous reports on observations in Heterobasidion spp. infected 

stands show that thinning of a stand affects spread of the fungus. 
Fungal growth rate can be more rapid in the roots of dead or dying 
stumps and removal of trees infected by the pathogen does not 
restrict the spread but may enhance it (1, 5). The results from the 
present investigation do not agree with the previous results. There 
was no difference in spread rate between pairs with an intact donor 
compared to those with a cut donor. This is the first study designed to 
investigate the spread rate of Heterobasdion spp. from cut or intact 

donors to neighbouring trees in nature: the results are interesting but 
more information is needed before any definite conclusions may be 
drawn. 
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Table 1. Assessment of trees. Decay frequency in the stand was 
41.5% in 1991 (age 39). 
 

 Donor = stump 
 

Donor = tree 

 Recipient Donor Recipient Donor 

Number of trees 42 42 48 48 
Decay frequency (%) 
at age: 

    

39 0  0  
42 30.3  36.4  
48 84.8  75.8  
52 97.0  93.9  
Decay diameter (cm) 
at age 39 
(stumpheight) 
 

 23   

Height (m) of decay 
column at age 39 
 

 3.7   

Stump diameter (cm) 
at age 52 
 

37.5 
 

 40.2  

Decay diameter (cm)  
at age 52 
(stumpheight) 
 

21.2  21.5  

Mean height (m) of 
decay column at age 
52 
 

3.7  3.8  

Max height (m) of 
decay column at age 
52 
 

8  10  

Area of decay (cm
2
) 

at stump height at age 
52  
 

433  478  

Number of dead trees 
at age 52 

15  8  

 
 
After 13 years, 95% of the recipient trees were infected by 
Heterobasdion spp. The annual spread rate of the pathogen has been 
reported to an average of 0.22 m and maximum 0.7 m (3). 
 
Theoretically all recipient trees should be attacked at stump height 
after a 13-year period. However, some trees escape infection due to, 
for example, genetic variation in the host tree. Genetic variation in the 
vertical spread and infection incidence of Heterobasidion spp. in 
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stems and stumps of Norway spruce has been detected in several 
inoculation experiments (2). From a breeding point of view it is 
interesting if resistance factors in the host may be the reason for 5% 
of the exposed trees escaping the infection in the present 
investigation.  
 
When the donor tree was cut, twice as many of the neighboring trees 
died compared to when the donors were left intact. Normally mature 
Norway spruce trees do not die from the infection. In the present 
investigation the fact that more trees died when the donor was cut 
may indicate that the inoculum from dead donors has a higher impact 
compared to a live donor. The observation may be of interest for the 
development of future silvicultural thinning routines. However, the 
sample is not large enough to draw any definite conclusions. 
 
There are not many reports on annual spread of Heterobasidion spp. 
in the stem since information of the initiation of the attack is usually 
lacking. In 2 previous studies of natural infection, the initiation of 
fungal growth was defined (3, 5). The results from the present study 
are in accordance with the previous: an average annual growth in the 
stem of ca 0.3-0.4 m and a maximum of ca 0.8-0.9 m. The information 
may be valuable when creating models for disease managements of 
attacked stands. The predicted frequency of decay corresponded to 
the observed frequency in the present stand using the model 
described in Thor et al. (4) if fungal growth rate in dead and live wood 

were doubled compared to average rates.   
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CONFERENCE ABSTRACT 

Fungal communities in roots, rhizosphere and soil of trees were 
shown to change 2 years after the trees had been felled. The changes 
in density and diversity of fungal communities have important 
ecological significance. Compared to the lived roots, (1) the increase 
in density of fungal communities as well as frequency of the fungi 
antagonistic towards Armillaria and Heterobasidion, particularly of 
Trichoderma species, on/in Scots pine stump roots may lead to the 

smaller susceptibility of the latter to both pathogens, (2) accumulation 
of fungal species stimulating a growth of Armillaria, and the absence 
of bigger population of Trichoderma on/in roots of the deciduous tree 
stumps may result in their bigger susceptibility to Armillaria infection. 

Studies on effect of metabolites of fungi stimulating and inhibiting 
Armillaria and Heterobasidion growth are presented. 

 

 
The common association of Armillaria with living coniferous and dead 

deciduous trees (stumps) suggests the existence of factors which 
predispose them to infection. The diversity of saprotrophic fungi 
colonizing roots and the rhizosphere, the density of the fungal 
population at different stages of tree development and the metabolites 
produced by fungi can be important.  
 
The objective of this study was to evaluate (i) microfungal 
communities in/on roots targeted by Armillaria, (ii) changes in density 

and diversity of microfungal communities in/on roots of stumps 2 years 
after trees had been felled, (iii) effects of the most common microfungi 
on rhizomorph growth, (iv) inoculum potential of Armillaria affected by 

microfungi in/on roots of different trees and their stumps. 
 

Fungal communities were isolated from the rhizosphere, from 0.1 ï 1 
mm diam and 0.5 ï 1 cm diam roots (bark and wood separately where 
possible) and from soil of Quercus robur,  Betula pendula and Pinus 
sylvestris. The samples were taken from 30- and 50-year old trees 

and stumps of a forest in western Poland. Fungi were identified 
morphologically. Quantitative and qualitative changes in fungal 
communities were determined by comparing living trees with stumps 2 
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years after felling. The effects of the most common fungal species on 
the growth of rhizomorphs of A. gallica, A. mellea  and A. ostoyae 
were studied on oak sections in vitro. The number of rhizomorphs, 

number of rhizomorph apices, and rhizomorph length and weight were 
determined. The inoculum potential (IP) of an individual Armillaria 

species in a single tree species was evaluated according to the 
formula: 

 

IP = Ɇ (n1 + n2 + n3)  x  S x  L  
n     ï number of isolates of individual fungal species in an individual habitat 
1-3  ï  habitat, i.e. rhizosphere, roots, soil 
S     ï increase in number of rhizomorphs affected by individual fungal species, 
in %, compared with control 
L     ï increase in length of rhizomorphs affected by individual fungal species, 
in %, compared with control. 
 

The most common microfungi found in the rhizosphere, roots and soil 
of Q. robur, B. pendula and P. sylvestris are shown (Tables 1- 2; all 
tables follow references). 

 
The density of the whole fungal community and number of individual 
species usually increased, often at least doubling, particularly in/on 
roots of stumps of deciduous trees and more rarely in P. sylvestris 2 
years after felling.  
 
The greatest increases recorded in fungal populations were of A. 
kanagawaensis, Cylindrocarpon spp., Geomyces pannorum, 
Monodictis lepraria, Mortierella spp., Nectria grammicospora,  
Penicillium spp., Sesquicillium candelabrum, Sporothrix  schenckii and 
Trichocladium opacum in Q. robur, of Zygorhynchus moelleri in B. 
pendula, and of Trichoderma viride in P. sylvestris. 
 
The majority of fungi detected in/on roots stimulated the growth of 
Armillaria rhizomorphs in vitro (Table 3) (1-8). Rhizomorphs were not 

usually formed on a sterile substrate. It is presumed that the increase 
in number, number of apices, length and weight of rhizomorphs by 
microfungi can consequently increase the Armillaria inoculum 
potential. The calculated IP of Armillaria was greater in stumps than in 
living trees of Q. robur, B. pendula, and 50-year old but not 30-year 
old P. sylvestris (Figure 1). 

 



SESSION II: GENOMICS AND PLANT-PATHOGEN INTERACTION 

Proceedings of the 12
th
 International Conference on Root and Butt Rots of Forest Trees 

60 

 

0

100000000

200000000

300000000

400000000

500000000

600000000

700000000

800000000

900000000

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35

0

100000000

200000000

300000000

400000000

500000000

600000000

700000000

800000000

900000000

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35

0

100000000

200000000

300000000

400000000

500000000

600000000

700000000

800000000

900000000

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35

0

100000000

200000000

300000000

400000000

500000000

600000000

700000000

800000000

900000000

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35

A
. 

g
a

ll
ic

a

A
. 

g
a

ll
ic

a

A
. 

g
a

ll
ic

a

A
. 

g
a

ll
ic

a

A
. 

g
a

ll
ic

a

A
. 

g
a

ll
ic

a

A
. 

m
e

ll
e

a

A
. 

m
e

ll
e

a
 

A
. 

m
e

ll
e

a

A
. 

m
e

ll
e

a

A
. 

m
e

ll
e

a

A
. 

m
e

ll
e

a

A
. 

o
s

to
y

a
e

A
. 

o
s

to
y

a
e

A
. 

o
s

to
y

a
e

A
. 

o
s

to
y

a
e

A
. 

o
s

to
y

a
e

A
. 

o
s

to
y

a
e

- Living trees

ïStumps

IP

Quercus30  Quercus50 Betula 30  Betula 50     Pinus 30      Pinus 50

ïLiving trees IP ïInoculum potential

 
Figure 1. Inoculum potential of A. gallica, A. mellea and A. ostoyae 
in deciduous and coniferous trees. 

 
 
Armillaria is, generally, held at bay or eliminated in the living host by 

host defense mechanisms, which are mechanical (formation of callus 
tissues) and chemical (resins, gums, phenols, sterols, monoterpenes, 
tannic acids, nitrogen compounds).  
 
It is presumed that changes in density of particular microfungi in/on 
roots and soil under stumps, combined with their ability to produce 
metabolites affecting Armillaria rhizomorph growth, can contribute to 
increased or decreased Armillaria inoculum potential, i.e. the energy 

available for infecting potential hosts.  
 
Different fungi are associated with the increase in Armillaria IP in 
different tree species. In stumps of Q. robur (particularly in a 30-year-
old stand), increased densities of Cylindrocarpon, M. lepraria, 
Mortierella macrocystis, M. parvispora and Penicillium spp., which 

activated rhizomorph production strongly, are implicated in increased 
IP. In stumps of B. pendula, increased density of Z. moelleri and 
absence of T. viride are implicated. The former produces indole-3-

ethanol and indole-3-acetic acid, which are growth promoting 
substances for rhizomorphs, and phenoloxidizing enzymes important 
in the degradation of wood. The moderate increase in IP in stumps of 
50-year old P. sylvestris trees, and decrease in stumps of 30-year old 
trees, may relate to decreased densities of Armillaria stimulants 
(Chrysosporium merdarium, G. pannorum, Hormiactis candida, 
Phialocephala fortinii and Pseudogymnoascus roseus), moderately 
increased densities of Mortierella and Penicillium spp., and increased 
density of Trichoderma spp., particularly T. viride. Trichoderma viride 
is well-known as an antagonist of Armillaria, resulting from its lytic 
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activity and saprotrophic competitiveness. This fungus preferentially 
inhabits coniferous wood, where it finds the low concentration of 
nitrogen required. 
 
Armillaria inoculum potential depends on the age of the stand 

because this affects the level of vitality and the decomposition of 
roots, which affect colonization by microfungi. 
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Table 1. Changes in density of the most common fungal species in 
2-year-old Quercus robur stumps (in %, compared with living trees). 

 
Rhizosphere from roots Roots 0.5 ï 1 cm diam 

0.1 ï 1 mm 
diam 

0.5 ï 1 cm diam Bark Wood 

 
Soil 

Age of the stand 

 
 
 
Fungus 

30  50  30  50  30  50  30  50  30 50 

A. kanagawaensis
1 

1300 150 15900 150 4900 400 150 150 298 102 
C. destructans

1
 50 150 1475 150 464 600 90 500   

C. didymum
1 

32400 50 1119 141000 77 10300 800 13300   
C. merdarium  655 561 84 30 133 17 50 500 300 577 
G. pannorum  169 236 1190 712 183 1000 550 800 53 116 
H. candida 50   5200 1000 100 150 1200   
M. lepraria  150  1720 50 418 300 166  700 100 
M. hyalina  21 200 866 400       
M. macrocystis  43 900 486 215 157 5 150  1500 1200 
M. parvispora

1 
157 718 200 150 800 50 5 500   

N. grammicospora     132 131 402 106 1800 150 
P. adametzii

1 
551 300 220 125 211 80 69 400 119 113 

P. citrinum  3 40 12 39 34 88 3 83  58 
P. daleae

1 
725 50 232 187 493 316 233 121 231 54 

P. janczewskii 
1
 138 133 301 140 786 485 55 200 308 147 

P. lanosum      9 50 13 50   
P. spinulosum 400 93 5 8 150 20 10 25   
P. fortinii

1 
500  100 100 114 85 885 36   

P. roseus 358 1500 1033   20 150  241 375 
S. candelabrum  150 12700 7700 52200  900 200 5200   
S. schenckii  57 188 3022 1638 364 254 260 1033 1400 700 
T. niveum

1 
345 34 42 83 300 116 50 40 900 400 

T. opacum       150 1600 1400 600  
T. polysporum  20 25  2200 110 600 25    
T. viride   200 250 9 257 66 200 150 250 
U. vinacea

1 
116 222 119 129 196 110 44 134 285 127 

Z. moelleri  14 50 6 22       

  
 
in bold  =  significantly different from control, average from 2-6 isolates of test 

fungus 
 

Table 2. Changes in density of the most common fungal species in 
2-year-old Betula pendula and Pinus sylvestris stumps (in %, 
compared with living trees). 
 

Rhizosphere 0.1ï 1 mm diam roots 0.5 ï 1 cm diam roots Soil 

Age of the stand 

30 50 30 50 30 50 30 50 

 
 
Fungus 

Betul Pinus Betul Pinus Betul Pinus Betul Pinus Betul Pinus Betul Pinus Betul Pinus Betul Pinus 

A.kanagawaensi
 

 128 150 150 392 25       300 209 1097  
B. bassiana  50              150  
C. destructans

1
 150 33   67 397 7  358 5500 3100 150     

C. didymum
1
      3   50   10     

C. merdarium 5700 90 66  150        28 36 302 25 
G. pannorum  50 9  50   50      14  50 
G. candidum    150       150  800     
H. candida  13    16           
M. hyalina 5810 25   150 16  150 50     10   
M. macrocystis  9  150  36   150  50      
M. parvispora 17 42 7 908 50 540 14 105  700 150   25 150 33 
N. grammicospo          4       
P. adametzii

1
 80 23 8 33 600 6 150 9 33 300 150  10 1 14 51 

P. daleae
1
 1232 30 426 108 879 192 90 156 800 1700 1456 150 51 14 25 71 

P. citrinum 105 x 433 700 1775 1500 150  90 200 150 500 66 1015 250 200 700 
P. janczewskii

1
 1012 13 395 375 500 7 235 33 500 400  66 21 9 29 40 

P. lanosum 150 33    20  200 150     10  200 
P. spinulosum 150 25 524 1114   6700 900 400  4400 5 300 75 1495 300 
P. fortinii

1
 20 18  44 400 285 69 39 36 7 14 10     

P. roseus 50 1300  14    25  50  50 400 34 8 9 
S. candelabrum 150   200  150  200     300    
S. schenckii 2905 4500 150 1400  1100  800 900 142 x 700 400 800 200   
T. niveum 14 25 150   50       300 200  200 
T. opacum 200    706    150  150  592  150  
T. hamatum  800   1100 10 5900 38    400  20   
T. polysporum  200  50  550  200 150 200  500  50  200 
T. viride  71 150 5000  250 6 55  159 x 1000 211 x  38 50 160 
U. vinacea

1
 701 97 783 729 95 65 120 25 315 771 30 400 17 18 16 6 

Z. moelleri 6295 200 233 x 2150 509 650 645 133 2002 2400 132 x 200    50 

  
1
 average from 2-6 isolates of test fungus 
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Table 3. Effects of the test fungi on Armillaria rhizomorph production 
(in %, compared with control). 

 
Number (S) Number of apices Length (L) Weight  

Fungus A.gal A.mel
2 

A.ost
3
 A.gal A.mel

2 
A.ost

3
 A.gal A.mel

2 
A.ost

3
 A.gal A.mel

2 
A.ost

3
 

A. kanagawaensis
1 

65   173   224
 

  276   
B. bassiana  186   193   218   260  
C.destructans

1
 58 193 590 322 206 577 330 350 603 303 314 809 

C. didymum
1 

88  50 217  50 296  48 360  63 
C. merdarium 66  325 271  325 286  550 131  325 
G. pannorum 43  25 171  25 273  50 241  25 
G. candidum  196   254   313   437  
H. candida 160   393   827   1396   
M. lepraria 80  150 266  300 422  3500 729  1430 
M. hyalina 140   736   1120   1130   
M. macrocystis 93  175 152  1800 259  3700 100  4675 
M. parvispora

1 
66  225 205  400 235  782 120  300 

N. grammicospora  251 291  257 339  278 385  247 409 
P. adametzii

1 
108  66 463  129 483  300 359  425 

P. citrinum  120 200  124 200  183 200  228 500 
P. daleae

3 
78 286 80 399 290 100 548 379 1210 506 260 348 

P. janczewskii
1
 78 151 175 122 154 175 181 320 2350 663 280 125 

P. lanosum   674   595   765   754 
P. notatum   407   373   482   446 
P. spinulosum  362 293  387 422  443 450  371 444 
P. fortinii

3 
55 231 414 96 234 358 147 345 397 211 295 470 

P. roseus 80  75 171  375 26  625 144  700 
S. candelabrum 26  50 10  50 6  50 3  50 
S. schenckii  320 50  303 50  379 500  345 25 
T. niveum

1 
 351 275  390 275  500 4500  605 600 

T. opacum 230  150 753  100 70  2500 2390  500 
T. hamatum   222   214   245   231 
T. viride   140   137   143   141 
U. vinacea

1 
 358 100  375 100  372 70  491 70 

Z. moelleri   392   361   360*   267 

  
1
 average from 2-6 isolates of test fungus

 

2 
average from 2 isolates of A. mellea 

3  
average from 16 isolates of A. ostoyae 
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CONFERENCE ABSTRACT 
Comparative cultivation experiment was carried out to verify an assumed 
positive dependent relationship of the rate of growth of Scots pine (Pinus 
sylvestris L.) seedlings with an elevated (750 ppm) level of CO2, as well as a 
negative dependent relationship with the presence of an inoculum of Armillaria 
ostoyae (Romagn.) Herink. Eight months after germination, 5 months after the 
introduction of the A. ostoyae inoculum and 4 months after the raising of the air 
CO2 concentration, most values for the analyzed biometric features of Scots 
pine seedlings were significantly greater than under control CO2 conditions 
(ambient air at approximately 380 ppm). Significantly bigger was width at the 
stem base of 0.08 mm, dry mass of roots of 15.69 mg and dry mass of stem of 
12.01 mg. No effects on seedling growth of the introduced pathogen inoculum 
were recorded at either the control or the elevated CO2 air concentrations. In 
the vast majority of seedlings subjected to inoculation no root contact with 
rhizomorphs or infections were noted, except in a very few cases under 
elevated CO2 conditions only. The production of A. ostoyae rhizomorphs was 
also found to be significantly and positively dependent on higher CO2 
concentration in the air. These very first results indicate the pathogen-host 
relationship in elevated air CO2 concentrations need further studies with longer 
duration and older plants applied to overcome the experimentôs limitations. 

 

 
Air carbon dioxide concentrations is expected to reach 490-1250 ppm 
by the year 2100 what accompanied by climatic warming is going to 
change the functioning of entire forest ecosystems, especially 
photosynthesis and growth rates (1). In Central Europe this is 
expected to favor tree species of greater thermal requirements, while 
simultaneously bringing deterioration in growing conditions for species 
requiring less heat, such as Scots pine and Norway spruce (2, 3, 4, 6). 
In the context of Armillaria spp. interactions with carbon dioxide 

concentrations and/or climatic warming a stimulating influence of 
elevated CO2 concentration on the growth of rhizomorphs has been 
mentioned (5), as the ability of wood-decaying fungi (inter alia 
Armillaria spp.) to fix atmospheric CO2 (8). Extended growing season, 

increased precipitation and mild winters have also been thought likely 
to favor development of the infectious potential of Armillaria spp. (7). 

Expected climate changes are thus likely to alter host-pathogen 
relations, recognition of which was the goal of undertaken 
investigation.  
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The comparative cultivation experiment was undertaken to verify the 
assumed positive dependence of the rate of growth of Scots pine 
(Pinus sylvestris L.) seedlings with an elevated level of CO2, (750 
ppm) as well as a negative dependent relationship with the presence 
of an inoculum of Armillaria ostoyae (Romagn.) Herink. (in the form of 

oak branch sections colonized by the pathogen). Pine seedlings were 
grown in climate chambers (Mytron WB 750) under constant and 
controlled conditions: 20

o
C, 75% RH, 16/8 (24hr) day/night cycle and 

at about 25-30% substrate moisture. The CO2 concentration in the 
chamber was controlled with B-647 Controller (MKS Instruments). The 
measurements of biometric parameters (i.e. heights, diameters at the 
stem base, and dry mass of roots, needles and above-ground parts) 
were made prior to CO2 treatment and after over 4 months, at the end 
of the experiment. The seedlingsô roots were also checked for the 
infection symptoms and the numbers of containers with abundant (10 
or more emerging rhizomorphs per inoculum), moderately-developed 
(less then 10) or undeveloped rhizomorphs were counted. ANOVA 
and contingency table analysis were applied to check the statistical 
significance of factorsô effects on seedlings growth and rhizomorphs 
development.   

 
Although all inoculum preserved alive pathogen mycelia and most of 
them produced rhizomorphs there was just one root of one seedling 
infected by A. ostoyae and a few seedlings whose roots were ñtied upò 

with rhizomorphs, but no penetration was noticed. All such cases 
appeared under elevated air CO2 conditions only. Neither visible nor 
microscopic symptoms of infection, except one mentioned above, 
were recorded by visual inspection of seedlings root systems at the 
end of the experiment. Seedlings remained healthy, with normal 
foliage and root system in spite of rhizomorphs development or CO2 
treatment.  
 
Eight months after germination, 5 months after the introduction of the 
A. ostoyae inoculum and over 4 months after raising of the air CO2 

concentration up to 750 ppm, most values of the analyzed biometric 
features of Scots pine seedlings were significantly greater than under 
control CO2 concentration. Only dry mass of needles and height 
increment did not differ distinctly, while dry mass of needles to dry 
mass of roots ratio was remarkably lower under elevated CO2 
concentration and other parameters higher.  
 
The effects of the introduced pathogen inoculum and rhizomorphs 
development on seedling growth were weak (Figure 1). Under the 
control CO2 concentration values of dry mass of needles to dry mass 
of roots ratio were significantly greater for seedlings growing in pots 
with moderately and abundantly developed rhizomorphs than for ones 
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not subjected inoculation or developing rhizomorphs. Under the 
doubled CO2 level as well as for other analyzed biometric parameters 
in both CO2 concentrations the differences were insignificant.  

 

 
 

Figure 1. Effects of the introduced pathogen inoculum and 
rhizomorphs development on growth of seedling under control and 
elevated air CO2 conditions (1 ï no inoculation; 2 ï lack of 
rhizomorphs; 3 ï moderately developed rhizomorphs; 4 ï 
rhizomorphs abundant).   

 
The production of A. ostoyae rhizomorphs was found to be positively 

dependent on higher CO2 concentration. It was statistically confirmed 
by the contingency analysis and accompanied tests (Table 1).  

 
The results of performed experiment indicated on the stimulating 
effect of elevated air CO2 concentration up to 750 ppm on growth of 
both Scots pine seedlings and A. ostoyae rhizomorphs. This 

corresponds to the earlier findings (1, 5), but in the case of the fungus 
had not been adequately explained yet. 
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Table 1. Contingency table and results of accompanied tests. 
 

 

Due to insufficient infection of roots by pathogen rhizomorphs the 
further investigations need to be performed to look for pathogen-host 
interactions under the climate warming conditions. Focus on the build 
up of pathogen infection potential issues on one hand and host 
susceptibility to infection on the other might be useful in this context. 
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Degree of rhizomorphs development CO2 
concentration 

Number 
of 

seedlings 

Lack of 
rhizomorphs 

Moderate Abundant Total 

[ppm] [indivs.] [indivs.] [%] [indivs.] [%] [indivs
.] 

[%] [indivs.] [%] 

380 32 16  50.00 13  40.62 3  9.38 16  50.00 

750 32 9  28.12 6  18.76 17  53.12 23  71.88 

Total 64 25 39.06 19 29.69 20 31.25 39 60.94 

Statistics Value P Degree of freedom 

Contingency coefficient 0.4278   

Cramerôs V 0.4733   

ɔ (conditional Gamma) -0.5686   

Pearsonôs R -0.3930 0.0007 62 

ŰB (Kendallôs Tau b) -0.3625 0.0023  

ŰC (Kendallôs Tau c) -0.4170   

ɢ2 (Chi-square test) 14.34 0.0008 2 
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CONFERENCE ABSTRACT 
Heterobasidion annosum causes a devastating root rot in conifer plantations 
and natural forests throughout the northern hemisphere. In a collaboration with 
the Joint Genome Institute, the genome of H. annosum will be the first plant 
pathogenic homobasidiomycete to be sequenced allowing for new insights into 
plant-microbe interactions. Comparisons with plant pathogens with a gradient 
of taxonomic relatedness to H. annosum will help understanding the evolution 
of pathogenicity factors. Response of the model tree Populus to various types 
of trophic interactions can be studied including rust pathogen fungi and 
mycorrhizal mutualists. Furthermore, comparisons with the model white rotter 
Phanerochaete crysosporium, will deepening our understanding of wood 
degradation including ligninolytic and polysaccharide degradation pathways 
and several bioremediation applications. Moreover, this project will also gain 
insights into fungal evolutionary history and biology including development, 
non-self recognition, mating, and secondary metabolism. 
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Genetic structure of Armillaria ostoyae in the Landes de 
Gascogne forest in south-western France 
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CONFERENCE ABSTRACT 
The Landes de Gascogne (LdG) forest (south-western France) is a mostly 
artificial maritime pine (Pinus pinaster) monoculture of about one million 
hectares surface, which is intensively managed for timber and pulp production. 
Armillaria ostoyae is the most important fungal pathogen in this forest; its 
maximal incidence is observed in the coastal area but an increasing presence 
of the pathogen is reported on the interior. In the present study, we analyzed 
the genetic diversity of A. ostoyae in the LdG forest, with particular emphasis 
on the geographic differentiation and colonization history. A total of 541 A. 
ostoyae samples representing 28 different populations were screened at five 
microsatellite loci. The overall A. ostoyae population was composed of 98 
genotypes and no genotype was shared among populations. The genetic 
diversity significantly decreased from the coastal area toward the interior, 
which suggests a colonization of the forest from the coast. The absence of 
correlation between genetic and geographical distances among populations 
indicates that colonization has probably occurred following a randomly pattern. 
Geographic groups of populations were lowly differentiated and genotypes 
were not more closely related within than among populations, suggesting 
important gene flow among populations. 

 

 
The Landes de Gascogne forest (south-western France) is a mostly 
artificial maritime pine (Pinus pinaster) monoculture of about one 

million hectares surface, which is intensively managed for timber 
production. Armillaria ostoyae is the most important fungal pathogen 

in this forest and its presence is reported since begin of the 1920s (3). 
The highest incidence of A. ostoyae is observed in the coastal area, 

but during the last 20 years an increasing presence of the pathogen 
has been reported in the eastern sector (1).  
 
The aim of this study was to analyze the population structure of A. 
ostoyae in the Landes de Gascogne forest by using microsatellites. 
Specific questions were: (i) what is the importance of vegetative 
spread (i.e. root contacts) within A. ostoyae populations?; (ii) does the 
genetic similarity between A. ostoyae populations decrease as the 
geographic distance between them increases?; and (iii) is there a 
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genetic signal in the overall A. ostoyae population suggesting an 

eastward expansion of the pathogen? 
 
A total of 31 A. ostoyae populations (i.e. disease centers) were 
considered in this study (Figure 1).  
 

Figure 1. Geographic location of the 31 A. ostoyae populations 
analyzed. 

 
At each site, 10-30 wood samples with A. ostoyae mycelial fans were 
collected from symptomatic trees/colonized fresh stumps, which were 
situated at a minimal distance of 10 m from another. For microsatellite 
genotyping, fungal DNA was extracted from the lyophilised mycelial 
fans using a protocol slightly modified after Gardes & Bruns (2). Each 
sample was then genotyped at five microsatellite loci by PCR 
reactions using specific primer pairs (4). The genetic diversity of the A. 
ostoyae populations was characterized by number of genotypes 
observed (GObs), number of genotypes expected in a sample of N = 10 
(G10, i.e. corresponding to the size of the smallest population being 
analyzed), and allelic richness averaged over loci (AR). The 
significance of the correlation between G10 and AR of a population and 

the distance of the population from the oceanic coast was tested with 
a Spearmanôs rank correlation test. The extent of population 
differentiation was estimated by calculating an overall FST-value 
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across populations and pairwise FST-values between geographic 

groups of populations (Table 1). The significance of pairwise 
differentiation was determined by randomly permuting genotypes 
among populations. To assess whether populations followed a pattern 
of isolation by distance, pairwise FST/1-FST values were plotted against 

the logarithm of the geographical distance and the relationship was 
tested using the Mantel test (4). 

 
Table 1. Genetic diversity (GObs, number of genotypes observed; 
G10, number of genotypes expected in a population of N = 10; AR, 
allelic richness averaged across loci) of the 31 Armillaria ostoyae 
populations analyzed. 

 

 
The 531 isolates screened belonged to 94 multilocus genotypes and 
no genotype was shared among populations (Table 1). One (eight 
populations) to nine (CON) genotypes were identified in the single A. 
ostoyae populations. In 12 out of 23 populations composed of more 

than one genotype, 60-93% of the isolates belonged to a dominant 
genotype. The number of genotypes expected in a sample of N = 10 
isolates varied between one and six (TRU). Important differences 
among populations were also detected in allelic richness, which 

Population Code Group N GObs G10 AR 

Hourtin HOU Coast north 20 5 3.7 2.7 

Le Porge POR Coast north 12 8 7.1 3.3 

Le Porge Canal 1 LEP1 Coast north 14 3 2.4 2.1 

Le Porge Canal 2 LEP2 Coast north 11 4 3.9 2.7 

Maubruc MAU Coast center 13 2 2.0 2.0 

Truc de la Truque TRU Coast center 10 6 6.0 3.2 

La Teste 1 TES1 Coast center 11 3 2.9 2.5 

La Teste 2 TES2 Coast center 14 6 5.1 3.1 

Contis CON Coast south 30 9 5.8 3.5 

Mimizan MIM  Coast south 28 5 4.2 2.1 

Lit et Mixe LIT Coast south 29 3 1.7 2.3 

Pierroton PIE Middle north 12 2 2.0 2.2 

Nezèr NEZ Middle north 12 1 1.0 1.4 

Lugos LUG Middle north 21 2 1.7 1.6 

Caguillouse CAR Middle center 18 3 2.6 2.2 

La Burle 1 BUR1 Middle center 15 4 4.0 2.2 

La Burle 2 BUR2 Middle center 13 3 3.0 1.8 

Solférino SOL Middle center 21 3 2.7 1.9 

Rion des Landes RIO Middle center 13 3 2.8 2.8 

Léon LEO Middle south 19 1 1.0 1.4 

Herm HER Middle south 12 1 1.0 1.2 

Castets CAS Middle south 11 1 1.0 1.4 

Gourby GOU Middle south 28 3 2.1 2.1 

St. Géours GEO Middle south 21 1 1.0 1.8 

St. Symphorien SYM Interior north 14 2 1.7 1.7 

Le Barthe BAR Interior north 25 1 1.0 1.6 

Sore SOR Interior north 15 3 2.9 2.0 

Cère CER Interior south 30 1 1.0 1.2 

Pouydesseaux POU Interior south 12 2 2.0 2.0 

Pompogne POM East 11 2 2.0 1.6 

Fargues FAR East 16 1 1.0 1.2 
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ranged from 1.2 (HER, CER, FAR) to 3.5 (CON). A highly significant 
negative correlation was observed between number of genotypes 
expected/allelic richness and the distance of the populations from the 
oceanic coast (Figure 2A and B).  
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Figure 2. (A) Relationship between number of genotypes expected 
in a population of N = 10 (G10) and the distance of populations from 
the oceanic coast, and (B) Relationship between allelic richness (AR) 
and the distance of populations from the oceanic coast. 

 
Global FST-value across A. ostoyae populations was significantly 
different from zero (FST = 0.43) based on non clone-corrected data 
sets. On the contrary, no significant population differentiation (FST = 
0.04) was detected following clone-correction (i.e. only one 
representative of each genotypes considered). Based on 
permutations, all pairwise FST-values between geographic groups 

were significant when using non clone-corrected data sets and non 
significant after clone correction. Mantel test revealed a slightly 
significant relationship between geographical and genetic distance 
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among geographic groups only when clone-corrected data sets were 
used (rm = 0.46, P = 0.03). The genotypic diversity of A. ostoyae within 

most disease foci is consistent with a predominant vegetative spread 
of the pathogen. In eight foci only one genotype was detected and in 
12 other foci one genotype was dominant. Therefore, in the Landes de 
Gascogne forest A. ostoyae after establishment in a pine stand 

spreads most likely via root contacts since rhizomorphs in the soil are 
uncommon (B. Lung-Escarmant, unpublished). The co-existence at 
similar frequencies (i.e. no dominant genotype) of different genotypes 
observed in 11 out of 31 populations could be due to multiple 
establishments in very close proximity.  
 
Our study indicates a low genetic differentiation among the A. ostoyae 

populations in the Landes de Gascogne forest, which suggests a 
strong gene flow among populations. The absence of repeated 
genotypes among populations shows that dispersal of genotypes 
through human activity (e.g. transport of colonized wood material) did 
not occur. Thus, dispersal of airborne basidiospores over short to long 
distances may be responsible for the lack of differentiation. 
Unfortunately, no specific studies on spore dispersal distances are 
available for species of Armillaria. The genetic diversity gradient from 

the oceanic coast toward the interior reflects a genetic signature of an 
expansion of A. ostoyae from the coast eastwards. The higher genetic 

diversity detected in the coastal area could be explained by the 
presence of larger A. ostoyae populations because of a longer 

presence of the pathogen in this area. Historical data indicate that in 
coastal area maritime pine stands have been present long before the 
actual Landes de Gascogne forest was created (19

th
 century) and 

hence the A. ostoyae populations are probably older on the coast than 

elsewhere. 
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CONFERENCE ABSTRACT 
In recent years, mid-rotation thinning of pine plantations has become a 
common practice in the southeastern United States.  Associated with this 
change there has been an alarming rise in Annosum root disease, particularly 
in Georgia. In Europe, spore suspensions of Phlebiopsis gigantea are routinely 
applied to fresh stumps to control Heterobasidion annosum, but in the U.S. the 
Environmental Protection Agency (EPA) has not approved the use of P. 
gigantea for this purpose. In order to develop a P. gigantea biocontrol product 
that will meet EPA regulatory approval, we have collected 55 isolates of P. 
gigantea from 13 sites in the southeastern U.S. Twenty-one of these isolates 
make sufficient spores in culture for use as a biocontrol agent, and in 
preliminary assays, 2 out of 9 were as effective as a European commercial 
isolate at preventing H. annosum infection of loblolly pine (Pinus taeda). To 
determine how commercial application of selected P. gigantea strains is likely 
to impact local P. gigantea population structure, we also have developed 
microsatellite markers to assess P. gigantea genetic diversity throughout the 
southeastern U.S. 

 

 
In recent years, mid-rotation thinning of pine plantations has become 
a common practice in the southeastern United States (U.S.).  
Associated with this change there has been an alarming rise in 
annosum root disease, particularly in Georgia.  In Europe, spore 
suspensions of Phlebiopsis gigantea are routinely applied to fresh 
stumps to control Heterobasidion annosum, but in the U.S. the 

Environmental Protection Agency (EPA) has not approved the use of 
P. gigantea for this purpose.  In order to develop a P. gigantea 

biocontrol product that will meet EPA regulatory approval, our project 
goals are to (1) collect P. gigantea isolates in the southeastern U.S., 

(2) test the biocontrol efficacy of these isolates, (3) assess the 
similarity among U.S. and European P. gigantea isolates, and (4) 
measure the impact of P. gigantea stump application on the 
prevalence of airborne P. gigantea spores.  We are working closely 

with MeadWestvaco, the U.S. Forest Service, and Verdera Oy to meet 
these objectives. 
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During the first year of the project, we collected fifty-five P. gigantea 

isolates from thirteen sites in the southeastern U.S., primarily via 
spore trapping. Colleagues also sent us thirty-one P. gigantea isolates 

from elsewhere in North America and thirty-one isolates from Europe.  
The identity of all newly collected, southeastern isolates was 
confirmed by sequencing of their ribosomal DNA internal transcribed 
spacer region.  Because P. gigantea treatments in the field are carried 

out with an aqueous suspension of spores, it is important that all 
potential biocontrol strains readily produce spores in culture.  Thus, as 
a preliminary assessment of their suitability for biocontrol, the amount 
of spores produced in culture by each southeastern P. gigantea 

isolate was measured.  Nineteen of them produced more spores in 
culture than a commercial biocontrol strain from Europe and six others 
produced nearly as many as this commercial strain.  In subsequent 
competition assays design to estimate the biocontrol efficacy of 
different P. gigantea isolates, blocks of freshly cut loblolly pine wood 
(Pinus taeda) were inoculated with both P. gigantea and H. annosum.  
Eight of the eleven P. gigantea isolates that were tested were as 
effective as a European commercial isolate at preventing H. annosum 

colonization of pine wood.   
 
As part of the product registration process, EPA has requested 
information on the similarity among European and U.S. P. gigantea 

isolates, as well as the similarity of U.S. isolates from different 
locations.  This information will determine if existing animal toxicity 
data from European strains will be acceptable to the EPA, and 
whether or not more than one U.S. P. gigantea isolate can be covered 

by the product registration.  Towards this end, we have compared the 
growth rates, and spore productivity of European and North American 
P. gigantea isolates.  The growth rates of nine European, nine 

Canadian, and ten U.S. strains were similar between all three 
populations, while the average spore productivity of the Canadian 
strains was less than that of the European and U.S. isolates.  As 
another method to assess similarity, we are using microsatellite 
markers to examine genetic diversity within and among P. gigantea 

populations.  In collaboration with Jan Stenlidôs lab, we have 
developed nine polymorphic markers.  After screening a subset of P. 
gigantea isolates (16 ï 27 isolates depending on the locus), the 

number of unique alleles for each marker ranges from three to eleven.  
Further screening of P. gigantea isolates is on-going.  Ultimately we 
hope to examine all 117 P. gigantea strains in our collection. We have 

recently established a field trial in a thinned loblolly pine stand in order 
to determine if spraying stumps with P. gigantea affects the 
prevalence of airborne P. gigantea spores.  Spore trapping at monthly 
intervals over the next twelve months will be used to monitor the site.  
Field trials designed to test the biocontrol efficacy of selected 
southeastern P. gigantea isolates are also planned for the coming 

year.
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CONFERENCE ABSTRACT 
Ornamental cherry trees along several streets in Tsukuba City have been 
declining for these years. Fruit bodies of Armillaria tabescens were frequently 
observed on declined trees. Isolates were obtained from mushrooms and 
mycelial sheets on cherry trees and genets of the fungus were identified by 
somatic incompatibility tests and AFLP (Amplified Fragment Length 
Polymorphisms) analysis. Population structure and infection method of A. 
tabescens on cherry trees will be discussed. 

 

 
Ornamental cherry trees (mainly ñYoshino cherryò; Prunus × 
yedoensis Matsumura) along the streets in Tsukuba City, 

approximately 70 km north from Tokyo, have been declining since 
more than 10 years ago. Fruitbodies of Armillaria tabescens (Scop.) 

Emel were frequently observed on the declined and dead trees and 
stumps. Thus, this fungus is considered an important factor 
responsible for the decline of cherry trees. For disease control, it is 
important to determine how the pathogen infects its host in the field. 
This research is aimed to determine the infection method of A. 
tabescens by identifying the genets of this fungus with somatic 

incompatibility tests.  
 
Sites.  The research was carried out at the following 3 sites in 

Tsukuba City. At site 1, cherry trees were planted approximately 6 m 
intervals for a distance of 600 m one side of a street. At site 2, cherry 
trees were planted among other shade trees and shrubs for a distance 
of 900 m along the bicycle path that runs parallel to the walkway. At 
site 3, cherry trees were planted at approximately 8 m intervals for a 
distance of 400 m sidewalks paved with asphalt.  
 
Isolation.  In 2003, locations of A. tabescens fruitbody formation were 

recorded, and the fruitbodies were collected. Tissue isolates were 
established using potato dextrose agar medium (PDA; Eiken 
Chemical, Tokyo) that was diluted to 50% concentration, 
supplemented with agar (Wako Pure Chemical Industries, Osaka) in 
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order to obtain an agar concentration 1.5%, and amended with 0.3g/l 
of streptomycin sulfate (Meiji Seika, Tokyo). Single-spore isolation 
was also done from 3 fruitbodies using 1.5% water agar medium 
amended with 0.3g/l of streptomycin sulfate. 
 
Somatic incompatibility tests.  Tissue isolates were mated by 

inoculating 2 isolates approximately 3 mm apart on PDA (normal 
concentration) in a 9 cm Petri dish. For evaluating the accuracy of the 
somatic incompatibility test to distinguish A. tabescens genets, sibling 

isolates were prepared by fertile mating among single-spore isolates 
obtained from a single fruitbody. The synthesized diploids were 
subsequently mated. This test was carried out using isolates from 3 
fruitbodies. Each mating test was duplicated. 
 
Locations of fruitbody formation.  At all the 3 sites, declined and dead 

trees and stumps occurred in a cluster along streets. Besides cherry 
trees, fruitbodies were also found on Pinus densiflora Sieb. et Zucc, 
Quercus serrata Thunb., Quercus phillyraeoides A. Gray, Ligustrum 
japonicum Thunb., Ligustrum obtusifolium Sieb. et Zucc., Euonymus 
alatus (Thunb.) Sieb., Quercus myrsinaefolia Blume, Castanopsis 
cuspidata var. sieboldii (Makino) Nakai and Zelkova serrata (Thunb.) 

Makino. Fruitbodies were formed on stumps, dead, declined and 
healthy- looking trees. 
 
Evaluation of the somatic incompatibility tests to distinguish genets.  

From the 3 fruitbodies, 9, 9 and 8 sibling isolates were synthesized by 
inbreeding the single-spore isolates. In total, 100 mating tests were 
performed among these synthesized diploids, and the following 3 
different results were obtained: (i) a dark pigmented line was formed 
between the 2 mycelia, (ii) neither a line was formed, nor the 2 
mycelia had merged, (iii) the 2 mycelia had merged seamlessly. The 
results (i) and (ii) were observed in 84% of 32 combinations wherein 
the 2 siblings, when synthesized, had a common spore isolate. The 
same results were observed in 94% of 68 combinations wherein the 2 
siblings were synthesized using completely different single-spore 
isolates. 
 
Genets in the fields.  Tissue isolates were established from 50 

fruitbodies collected from all the 3 sites. Somatic incompatibility test 
among these isolates produced the same abovementioned 3 results. 
Based on the interpretation that results (1) and (2) indicate the 2 
isolates belong to different genets, 5 genets were identified at site 1. 
At this site, 3 of the genets were located in 3 different areas. The rest 
2 shared the same cluster of declined and dead trees. In site 2, 6 
genets and 1 group of isolates were identified. The isolates of the 
group were distinguished from other genets, but some of the intra-
group mating tests produced result (1) and (2), and others result (3), 
and whole results could not identify genets in the group clearly. At site 
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3, 1 genet and 1 group of isolates were observed, and the intra- group 
mating tests gave a similar result as described for site 2.  
 
Kile (1983) evaluated somatic incompatibility test as a method for 
identifying genets by using synthesized inbred diploids of A. 
luteobubalina and reported an accuracy 44% (1). In the present study, 
the same method using A. tabescens exhibited an accuracy of more 

than 80%. This method was found to be very useful for this species. 
 
Although somatic incompatibility test showed high accuracy to identify 
genets, it failed to identify distinct genets in the isolate groups at site 2 
and 3. It indicates that the isolates in the groups are genetically close. 
 
At the sites where each genet occupies cluster of dead and declined 
trees, A. tabescens infection might have occurred asexually, probably 

through root contacts of hosts, because rhizomorph production of the 
fungus in vivo has rarely been reported. Site 1 where the soil was not 
compartmentalized and cherry trees were planted at short distances 
suits infection via root contact. On the other hand, a cluster of dead 
and declined trees that provides habitat to a group of isolates from 
more than one genet suggests spore dispersal of the fungus. Such 
groups of isolates were found at site 2 and 3 where the soil was 
separated by the pavement, and it limits occurrence of fungal infection 
through root contact. It is concluded that A. tabescens can infect its 
hosts effectively by using both sexual and asexual methods 
depending on environmental conditions. 
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CONFERENCE ABSTRACT 
Since Euroamerican settlement 150 years ago, fire suppression and meadow 
draining in Yosemite Valley have led to increased conifer densities at the 
expense of previously dominant meadow and oak woodland vegetation types. 
Mixed-conifer forests now cover over 50 % of the valley; ponderosa pine and 
incense cedar are the dominant species with lesser numbers of black oak, 
white fir and Douglas-fir. We estimate that approximately 37 % of the area of 
mixed-conifer forest in Yosemite Valley is in expanded gaps. Gaps had a mean 
area of 1085 m

2
 (median 475 m

2
, range 81 to 10,650 m

2
). Root disease was 

the most common mortality agent and was associated with over 80 % of all 
gaps. Heterobasidion annosum (30 % gaps) and Armillaria mellea (30%) were 
the most common root pathogens. Gap area in Yosemite Valley has increased 
from 3.5 to 37 % over the last 30 years due to increases in the size of 
individual gaps rather than to the establishment of new gaps that tend to be 
small. The prevalence of root disease in Yosemite Valley is an unintended 
consequence of a series of management actions (fire suppression, tree felling) 
initiated earlier in the century. Gaining an understanding of current causes of 
tree mortality and how human management has influenced stand dynamics in 
Yosemite Valley will be important in planning restoration strategies and re-
establishing the historic fire regime. 
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CONFERENCE ABSTRACT 
The population structure of Heterobasidion annosum in Pacific Northwest 
(PNW) Christmas tree plantations was estimated at two spatial scales to 
assess the relative importance of primary and secondary infection, 
colonization, and spread of the pathogen. Ninety-three isolates from single 
trees in 27 discrete mortality pockets and 104 isolates from 12 individual root 
systems of noble and Fraser fir trees were sampled near Mossyrock 
Washington. Isolates were genotyped using somatic compatibility assays and 
microsatellite markers to determine the spatial scale at which dispersal of 
single genotypes (genets) was occurring. All isolates sampled from different 
trees in discrete mortality pockets had distinct genotypes whereas the root 
systems of single trees were dominated by one or two genotypes. These 
results suggest that infection of PNW Christmas trees results from frequent 
primary infection events of adjacent stumps and localized secondary spread 
within root systems rather than clonal spread of the pathogen between 
adjacent trees. We hypothesize that mortality pockets may be due to 
availability of infection courts and/or variation in inoculum levels during 
selective harvesting of patches of mature trees. 

 

 
In PNW Christmas tree plantations, non-random aggregations of 
diseased true fir trees (mortality pockets) infected with Heterobasidion 
annosum have been observed in increasing numbers since the 1980ôs 

which appear similar to clusters of infected trees observed in forest 
situations.  These mortality pockets could result from clonal spread of 
the pathogen among adjacent trees following infection of a single 
stump or multiple or spatially clustered stump infections by different 
genotypes of the pathogen.  To differentiate between these two 
hypotheses, we sampled H. annosum isolates at different ecological 
scales and genotyped them using microsatellite markers.  Our specific 
objectives were to estimate genotypic diversity of the pathogen at the 
mortality pocket scale and the individual root system scale. These 
data have allowed us to determine the importance of primary infection 
versus secondary spread of annosus root rot disease in Christmas 
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tree plantations and will aid in development of improved annosus root 
rot management strategies. 

Mortality pocket scale sampling. For genotypic diversity assessment at 

the mortality pocket scale, symptomatic trees in mortality pockets in 3 
fields at the Mossyrock plantation were mapped and H. annosum 

sampled (2). One of the fields, designated TF3, was a monoculture of 
noble fir consisting of 1045 trees. The other two fields, designated 
TF2, and TF5, were Frasier fir monocultures consisting of 910 trees 
each.  Within 3-6 years of replanting these fields, percent mortality 
due to annosus root rot had reached 10 to 40% within these fields.  
Ninety-three H. annosum isolates were obtained from single trees in 

27 discrete mortality pockets of 2-8 trees spread throughout the three 
fields (Figure 1). Most of the sampled trees had been planted directly 
next to a stump left from the previous rotation, and all trees had been 
planted on a 1.8 by 1.8 meter spacing pattern.  

 
 

 
Figure 1. Locations of mortality pockets (circled) within fields TF2 
(left), TF3 (middle), and TF5 (right) at the Mossyrock plantation. 
Each dot represents a symptomatic tree from which a single isolate 
of H. annosum was obtained.  

Root system scale sampling.  Root systems were excavated from 

within the Mossyrock plantation.  These root systems were labeled 
RGS-1 to RGS-12. Eight of the root systems were from Frasier fir, and 
4 were from noble fir. To estimate number and distribution of H. 
annosum genotypes at the root system scale, root systems of the 
freshly killed trees were excavated and sampled. H. annosum isolates 
were sampled from different parts of each excavated root system 
(Figure 2) to obtain an estimate of the spatial distribution of genotypes 
at this scale. 

 
Microsatellite amplification, separation, scoring, and statistical 
analysis.  Four microsatellite loci, designated Ha-ms1, Ha-ms2, Ha-
ms6, and Ha-ms10 (1), were used to estimate genotypic diversity of H. 
annosum isolates sampled at the mortality pocket and root system 

scales. Fragment sizes of PCR amplicons were determined using an 
ABI PRISM

®
 3100-Avant Genetic Analyzer (Applied Biosystems). 

Alleles at each locus were visualized and scored individually to the 
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nearest base pair using GENESCAN and also interpreted with the aid 
of Genotyper version 3.7 (Applied Biosystems). 
 
We recovered an average of 1.17 genotypes per root system as 
compared to an average of 3.61 genotypes per mortality pocket 
(Figure 3).  DNA fingerprints generated for isolates from roots systems 
using microsatellite markers demonstrated the occurrence of a single 
multilocus genotype in a majority of the root systems and two 
genotypes in root systems RGS2, and RGS-12 (Figure 2).  
 
 
 

Figure 2.  Distribution of H. annosum genotypes within single root 
systems in root system samples of true fir (Abies spp.) Christmas 
trees in which more than one genotype was isolated.  
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Figure 3. Comparison of the mean number of genotypes found at 
the root system and mortality pocket sampling scales as determined 
by DNA fingerprinting and somatic compatibility testing. 
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Microsatellite fingerprinting demonstrated that individual trees within 
mortality pockets at the Mossyrock plantation were each colonized by 
1-2 genotype(s) of H. annosum. The high genotypic diversity observed 

may indicate high levels of primary stump infection, combined with 
localized clonal spread within root systems.  We speculate that 
mortality pockets may result from availability of infection courts and/or 
variation in inoculum levels during selective harvesting of patches of 
mature trees rather than clonal spread through root-to-root contact.  
This hypothesis is supported by anecdotal observations in PNW 
Christmas tree plantations where trees are often harvested selectively 
in clusters as they reach merchantable size. It is thus possible that 
mortality pockets are the result of clusters of primarily infected stumps 
from which trees were harvested when high levels of inoculum were in 
the air, rather than the extensive spread of a single clone between 
trees via interconnected root systems. Basidiocarps of H. annosum 

are rarely observed in even the most severely diseased PNW 
Christmas tree plantations, indicating that basidiospores are likely 
blown in from surrounding forests or that conidia may be functioning 
as primary inoculum.   
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CONFERENCE ABSTRACT 
The presence of Heterobasidion spp. was investigated in ten healthy looking 
first rotation stands of Larix spp. on former arable land in southern Sweden. 
Four of the five older stands were thinned more than once at temperatures 

above 5 C, and hence may have been subjected to natural spore infections by 

Heterobasidion spp. The other five younger stands were not thinned at all or 
only once during winter conditions. In each stand bore cores were taken from 
30 randomly selected trees at stump height. In three of the younger stands 
samples were also taken from the roots.  Heterobasidion spp. was found in 
eight stands. The older ones had an infection frequency between 20 % and 53 
%. In three of the younger stands Heterobasidion spp. was found. The average 
infection frequency was 3 %. No roots of younger trees were infected. The 
results indicate that Heterobasidion spp. may infect Larix stands through 
thinning stumps.  To economically justify stump treatment with Phlebiopsis 
gigantea the lack of income due to infection by Heterobasidion spp. was 
compared to the cost for treatment. At three percent interest rate stump 
treatment was clearly beneficial. 

 

 
Two species of Heterobasidion cause considerable losses to conifer 
stands in southern Sweden, namely H. annosum s.s. and H. 
parviporum. Picea abies is severely attacked by both species while 
Larix x eurolepis is attacked only by H. annosum (3). 

 
Thinning stumps created when spores are abundant provide an 
important infection court for Heterobasidion (2). In Sweden, this 
corresponds to the active growing season when temperatures exceed 
5°C (1). The fungus then spreads vegetatively from infected stumps 
into roots of neighbouring living trees via root contacts and grafts. The 
spread of Heterobasidion can be controlled by treatment of fresh 
stump surfaces by biological or chemical means preventing spore 
infections (6). Stump treatment is regularly used and believed to be 
economically beneficial on a variety of tree species in many European 
countries (6). In Sweden only P. abies is treated. 
 
Recent storms in southern Sweden have resulted in an interest 
among foresters to change tree species, to e.g. L. x eurolepis, on sites 
preferably being free of infection or where the H. parviporum 
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dominates in P. abies. Since L. x eurolepis stands have been studied 

after being planted on infested sites there is little information on the 
management of larch stands established on less infested sites. 
 
The aim was to make preliminary investigations of the frequency of 
Heterobasidion infection in unthinned L. eurolepis stands compared to 

thinned stands established on sites originally free from infection, and if 
stump treatment based on these data would be feasible. 
 
Ten first rotation stands of Larix spp. on former arable land in southern 

Sweden was studied (Table 1). Five stands, between 15 and 19 years 
after planting, were not thinned at all or once during winter conditions. 
Four of the older stands, 43 to 51 years after planting, were thinned 

more than once at temperatures above 5 C, and hence may have 

been subjected to natural spore infections by Heterobasidion. All 
stands consisted of L. x eurolepis, except two older stands with L. 
decidua and L. leptolepis respectively. 
 
In each stand bore cores were taken at stump height from 30 
randomly selected trees. Two bore cores were taken from young trees 
and three from old trees. On five randomly selected trees in each of 
three younger stands samples were also taken from lateral roots, 50 
cm from the butt. The borer was sterilised between each sampling. A 
brush was used to clean the stem and excavated roots before boring. 
Bore cores were immediately put into separate plastic bags and 

incubated at 20 C for 7-10 days before being analysed. Cores with 

the presence of Heterobasidion conidiophores were regarded as 

infected. 
 
To economically justify stump treatment with Phlebiopsis gigantea the 
decreased income due to infection by Heterobasidion was compared 

to the cost for treatment. The investigated stands served as model 
stands in the calculations. The stands were subjected to six thinnings 
with treatment in all. Three percent interest rate was used in the 
calculations. A rough estimate of the decreased income was derived 
from the price for timber and pulpwood. The cost for treatment was 
assumed to be the same as for P. abies in Sweden (5). 

 
In three of the young stands the Heterobasidion infection frequency 

was 3 % (Table 1). Two stands were free from infection. No roots of 
young trees were infected. The older stands had an infection 
frequency between 20 % and 53 %. At the time for sampling the log 
volumes affected by Heterobasidion varied between 11.9 and 27.7 m

3
 

(4-12 % of total volume) in four of the older stands (Table 2). The 
volumes corresponding to the cost for treatment in all thinnings and at 
a final felling varied between 7.5 and 8.5 m

3
 (Table 2). 
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Table 1. Stand characteristics and infection frequencies. 

1
Site index measured as the height of the dominating trees at 100 years age for P. 

abies 

 
 
Table 2. Volumes of infected logs in the older mature stands and the 
volumes corresponding to the treatment cost throughout the rotation 
period. 

 

Stand 
Infected volume 

(m
3
·ha

-1
) 

Volume corresponding to 
treatment cost 

(m
3
·ha

-1
) 

6 23.91 8.22 
7 27.70 7.53 
8 11.93 7.47 
10 15.66 8.53 

 
Larix x eurolepis may obviously become infected even if established 

on former non-infected sites. Since the older stands were more 
heavily infected than the young ones and the older stands had been 
thinned several times, it is tempting to conclude that thinnings made 
the difference. This was however not investigated. Still if compared to 
the young trees established on former heavily infected sites in the 
study by Rönnberg and Vollbrecht (3) with high frequencies of trees 
infected already some few years after planting, it is likely that the 
thinning stumps are major entry points for Heterobasidion as for 

spruce or pine. Therefore stump treatment would be recommended 
also in thinning of L. x eurolepis. According to the calculations in this 
study it may also be economically feasible. Phlebiopsis gigantea 

stump treatment may be effective but field experiments are lacking (4). 
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Stand Tree species 

Stand size 

(ha) 

Stand age 

(yrs) 

SI
1
 

(m) 

Standing volume 

(m
3
·ha

-1
) 

Thinning 

season 

Heterobasidion infection 

(%) 

1 L. eurolepis 4.3 15 G34 52 no thinning 3 

2 L. eurolepis 3.7 16 G34 23 no thinning 0 

3 L. eurolepis 0.5 19 G34 54 no thinning 0 

4 L. eurolepis 0.28 19 G34 56 no thinning 3 

5 L. eurolepis 9.79 16 G36 65 2003-02 3 

         

6 L. eurolepis 1.8 54 G32 344 1996-11 

2002-03 

40 

7 L. eurolepis 1.3 53 G34 229 1996-11 

2002-03 

53 

8 L. decidua 1.4 51 G36 303 1994-05 20 

9 L. eurolepis 2.1 43 G32 259 1996-03 

2004-08 

33 

10 L. leptolepis 0.9 50 G30 194 unknown 47 
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CONFERENCE ABSTRACT 
The incidence of natural infection of Heterobasidion spp. was recorded in 
Norway spruce forests in the Eastern Italian Alps. The study interested ca. 
1900 trees from 63 transects located in Trentino and Lombardy. Picea abies 
was the main species in pure and mixed stands. Heterobasidion species were 
identified in each transect by mean of dual cultures using tester isolates. The 
outcomes of this investigations showed that the pathogen was present in most 
of the 64 transects analyzed, even tough with different incidence. One or two 
H. annosum species were found per each transect and, although all three 
species of H. annosum were found in the study, the three taxa were never 
found in a single transect. A remarkable variability was found of infected 
stumps among the 65 transect  with an interval ranging from 8% to 93%. The 
percentages of infected stump surface ranging between the transects from 5% 
to 60%. This study shows the recurrent and heavy presence of Heterobasidion 
species in the Alpine forests. From these preliminary data, the presence and 
the damages caused by this fungus appear surprisingly high. The ecological 
role of the Heterobasidion species and their economic impact are discussed on 
the light of the possible silvicultural actions to control the pathogen. 

 

 
The fungus Heterobasidion annosum s.l. is considered to be the main 
pathogen causing severe economical damages to the conifer forest of 
the Boreal hemisphere (6). Currently, several methods have been 
developed to effectively control the pathogen. Given the costs of their 
use these methods are applied over a certain threshold of damage 
(4). The economic impact of this fungus in the Italian Alpine forests is 
poorly known. A survey was performed in South-Tyrol by Anselmi and 
Minerbi (1) where they found infections on the 24% of the investigate 
sites with an incidence ranging between 9.5 and over 50% and wood 
losses ranging between 2 and 37%. 
 
The present study interested 1832 trees from 65 transects of Norway 
spruce forests in the Italian Alps. Incidence of the pathogen in the 
transects and extension of the infection on the stumps was recorded. 
The three species of Heterobasidion were identified by mean of tester 
isolates in vitro.  
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Sixty-five transect were designed in selected Norway spruce forest 
representative of Trentino (Eastern Italian Alps) forests. Most of the 
forest sites were old forest plantations, but in the last 50 years the 
traditional silviculture is being replaced by óclose-to-natureô silvicultural 
(CTNS) approaches based on scientific management practices linking 
biological, technical and social data to enforce ecological stability. 
Clear felling has not therefore been carried out in Italian Alps for 
several decades developing forest stands that are closer to natural 
ones in structure, composition and regeneration processes. 
 
Vegetation consists in subalpine Norway spruce (Picea abies) stands, 
sometime mixed with Pinus nigra, P. sylvestris, Abies alba and Fagus 
sylvatica at intermediate and lower altitude, and mixed with Larix 
decidua and Pinus cembra at higher altitude. The average size of the 

transects was about 700 m
2
. After delimitation of the rectangular 

transects clear cuttings were carried out. The following parameters 
were taken for every transect: the land surface, the geographical 
exposure, the average slope and altitude, the tree species 
composition. 
 
Digital photos of all stumps were taken and analysed using software 
UTHSCSA Image Tool 2.00 for Windows (Health Science Center, 

University of Texas, USA). The software allowed to calculate from the 
stump picture the total stump surface of and the surfaces of the stump 
interested by rot. Number and extension of rot pockets for each stump 
were recorded. For each stump the X and Y transect coordinates were 
recorded by a portable computer through the software SURFER vers. 
8 (Golden Software Inc., Golden CO, USA). 
 
For each transect 4-5 wood samples were taken from rotted stumps to 
make fungal isolation. Laboratory analyses were carried out to confirm 
the presence of H. annosum s.l. and to distinguish the three close 
related species H. annosum, H. parviporum and H. abietinum as 
described by Korhonen and Hintikka (2). For each Heterobasidion 

species two tester strains were used.  
 
All three species of Heterobasidion were found in the study. One or 
two Heterobasidion species were found per each transect. A 

remarkable variability was found of infected trees (IT) among the 65 
transect with an interval ranging from 8% to 93%. The percentages of 
infected stump surface (ISS) ranging between transects from 5% to 
60%. Correlation between percentage of IT and ISS in the transect 
showed an highly significant R

2
 of 0.72 (Figure 1). This correlation 

suggests that are not common stands with high incidence infections 
and with limited spread of infection within the tree. This results may be 
in relation with the CTNS practices where the missing of clear felling 
or wide thinnings promote the infection process of few stumps by 
fungal spores that later may slowly spread the disease by root 
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connection to many other closer trees, rather than high incidence rate 
with smaller infections per tree.  
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Figure 1.  Correlation between % stump surface infection and % of 
tree infected per transect. 

 
However, was found a descending frequency distribution of ISS 
classes calculated among all 1032 infected stumps out of the 1832 
sampled analysed (Figure 2). That is maybe be explained with the 
higher susceptibility to windthrow of trees with higher infection 
because the loss of their root integrity. An other interesting outcome is 
shown in Figure 3 where the 57 % of trees shown Heterobasidion rot. 

This unexpected high incidence of the infection was mainly 
represented by a single pocket at the stump level. There were few 
stumps with 2 pockets (12%) and even less with 3 or more pockets 
(4%). This features may be the results of multiple infection process 
where several  roots are colonised by the same or different genets of 
the fungus (5). The result of Heterobasidion spp. identification is 

shown in Figure 4. The figure outlined the association between host 
species composition of the transects and the presence of 
Heterobasidion species. There is a higher prevalence of the H. 
parviporum in accordance with the main host frequency, Picea abies, 
in all transect. Is interesting to point up the presence of the only H. 
abietinum in some transects were the main host is still P. abies, with a 
limited presence of other conifers including A. alba, but not vice versa. 
It may be related with a lower host-specificity of H. abietinum as it 

suggested by some authors (3) or to a higher virulence in Italy 
compared with its behaviour in central Europe. 
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Figure 2.  Frequency distribution of number of infected trees. 
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Figure 3.  Percentages of healthy and infected stumps based on a 
total number of 1832 stumps. In the smaller pie the proportion of 
pocket rot numbers per stump. 



SESSION IV:  AETIOLOGY AND EPIDEMIOLOGY 

Proceedings of the 12
th
 International Conference on Root and Butt Rots of Forest Trees 

94 

0%

20%

40%

60%

80%

100%

S S-F F P-F S-P P

Others

P. spp.

A.a.

P.a.

 
 
Figure 4.  Black columns represent the percentage of transects with 
different species of Heterobasidion: S = H. parviporum; F = H. 
abietinum; P = H annosum s.s. The multilayer columns represent the 
average composition of different tree hosts in the transect: P.a. = 
Picea abies; A.a. = Abies alba; P. spp. = Pinus sylvestris, P. 
cembra, P. nigra; Others = Larix deciduas and Fagus sylvatica. 
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CONFERENCE ABSTRACT 
Individuals of the North American P group of Heterobasidion annosum were 
recently reported in a single pine stand near Rome, in association with the 
movement of US troops in 1944. Here we report on some aspects of the 
invasion biology of this fungus in Italian coastal pinewoods, and on its 
interaction with the native H. annosum sensu stricto. Spores of Heterobasidion 
were sampled in pine stands along 280 km of coast around Rome, and 
characterized by nuclear and mitochondrial taxon-specific PCR primers. 
Spores of the exotic taxon were found over more than 100 km. The introduced 
taxon seems competitive with the native taxon even where the latter is well 
established, and has successfully invaded the dry pine stands of the region of 
Rome, an habitat in which H. annosum sensu stricto is only marginally present.  
Recombinant spores were found in one site, were both populations were 
equally represented. Hybridization was confirmed by incongruent phylogenies 
at three loci. This is the first report of hybridization between naturally allopatric 
taxa in the complex, as a consequence of anthropogenic introduction. 

 

 
In 2002, it was discovered that individuals of the North American 
Heterobasidion annosum ISG P were present in a single Italian stone 
pine stand (Pinus pinea L.) in the forest of Castelporziano, near Rome 

(3). In the above paper, the introduction was linked to the movement 
of the US troops in 1944 during World War II (WWII). 
 
In this study, we investigate some aspects of the invasion biology of 
this introduced fungus in Italian coastal pine woodlands on the central 
Tyrrhenian coast. We were particularly interested on its interaction 
with the native interfertile H. annosum sensu stricto. 

 
The wood disk exposure method (5), as recently modified (2), was 
used to sample airborne spores in pure and mixed pine stands located 
along 280 km of coast approximately centred around Rome. In the 
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winter of 2005-2006, a total of 382 wood disks were exposed in 104 
systematically located sampling points. Spores of Heterobasidion 

were found in 71% of the surveyed forests. 1052 single spore colonies 
were counted, and 582 were isolated and characterized by 3 sets of 
PCR primers specifically designed on the mitochondrial ribosomal 

operon and on the nuclear elongation factor 1-  gene to differentiate 
between North American (NA) and European (EU) isolates (4). 
 
Spores of the exotic NA taxon were found in stands lying over more 
than 100 km of coast (Figure 1). All lines of evidence indicate the 
introduction occurred in the Roman area. We suggest invasion 
occurred at about 1.3 km yr

-1
, through corridors provided by single 

trees interspaced in the landscape, and not necessarily by sizable 
patches of forests. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Spatial distribution of sampled forests. Castelporziano and 
Circeo National Park forests are encircled and are coded 10 and 13, 
respectively. Pie charts display the percentage of disks 
Heterobasidion free, or infected by the native (EU), the exotic (NA), 
or by both Heterobasidion taxa, as identified by taxon-specific PCR. 

 
Within the current range of expansion, spore deposition rates of the 
NA taxon were significantly higher than those of the EU taxon in all 
stands, with the exception of a mixed oak-pine forest in the Circeo 
National Park. In this forest, located near the southernmost edge of 
expansion of the NA taxon, EU and NA populations were equally 
represented (Table 1). While deposition rate values of the native taxon 
differed significantly between pure dry pine stands and the mixed oak-
pine forest, deposition rates of the exotic taxon were equally high in 
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both types of ecosystems. These results indicate that: (i) the 
introduced taxon is competitive with the native taxon even where the 
latter is well established, and (ii) the NA taxon has successfully 
invaded the dry pine stands of the region of Rome, an habitat in which 
the EU species is only marginally present. 
 
 

Table 1. Mean deposition rates (spores m
2
 hr

-1
) of the native and the 

exotic Heterobasidion taxa in 17 pine stands along 280 km of 
Tyrrhenian coast. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discrepancy between the mitochondrial and nuclear markers occurred 
for about 4% of spores collected at the Circeo National Park. Most of 
these spores were typed as EU at the mitochondrial locus and as NA 
at the nuclear locus, while the opposite was true for a few individuals. 
These isolates were regarded as putative recombinant of the two taxa 
(Figure 2). In order to confirm the recombinant nature of putative 
recombinant isolates, three loci were sequenced for a subset of 
genotypes inclusive of three putative recombinants, three putative EU 
genotypes and three putative introduced NA genotypes. The three 

selected loci were the nuclear elongation factor 1-  (EFA, about 400 
bp), the nuclear glyceraldehyde 3-phosphate dehydrogenase (GPD, 
593 bp), and the mitochondrial ATP synthase subunit 6 (ATP, 639 bp). 
Phylogenetic analyses were performed on sequences from the above 
genotypes and a representative subset (7) of the worldwide H. 
annosum sequence dataset. Incongruent phylogenies at the three 

Mean Depositon rates (DR)
a
 site code distance from 

Castelporziano 
(km) 

H. annosum 
sensu stricto 

H. annosum 
North American P-type 

1. 154 NW 0.366 0 
2.  125 NW 0.122 0 
3.  100 NW 0 0 
4.  90 NW 0 0 
5.  70 NW 0 0 
6.  24 NW 0 15.171* 
7.  20 NW 0.731 0

À
 

8.  17 NW 0 3.290* 
9.  7 NW 0.084 12.738* 
10.  - 0.069 5.757* 
11.  24 SE 0.100 13.060* 
12.  32 SE 0 14.439* 
13.  68 SE 21.357 42.125ns 
14.  75 SE 3.290 0

À
 

15.  79 SE 0 3.656* 
16.  88 SE 0 0 
17.  127 SE 0 0 

  
a
 DR values of the native and the exotic Heterobasidion species 

differed significantly (*) or not significantly (ns) (P= 0.05; T test or 
2
 

test); À not applicable, 
2
 assumptions not verified. 
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studied loci (Figure 3) provide evidence that genetic interaction 
between the two taxa is occurring. Incongruent phylogenetic 
placement of putative recombinant genotypes was observed not only 
between the mitochondrial ATP and the nuclear EFA, but also 
between the nuclear EFA and GPD sequence datasets. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Example of discrepancy between identifications performed 

on a nuclear locus (A; elongation factor 1-  gene) and on a 
mitochondrial locus (B; mitochondrial ribosomal operon). Primers 
and PCR conditions were previously described (4). In each gel, 
positive controls for North American (na) and European (eu) isolates 
are on the right. The marked isolate (49oe) was regarded as 
putative recombinant between the two taxa. 

 
 
Thus, the recombinant genotypes analyzed should be at least the F2 
meiotic progeny of F1 NA x EU hybrids.  
We believe that 4% of recombinant spores to be an underestimation 
of the actual hybridization rate, as, inevitably, an assay based only on 
two loci will miss to detect some recombinants generated by 
backcrossing mating events. The discovery of hybrid individuals in the 
only area where a seemingly recent interaction is ongoing between 
significant populations of both the exotic and the native taxa, may 
signify hybridization events may be on the rise. Considering that in 
vitro interfertility between the two taxa is almost complete (6), it is 

likely hybridization may be occurring in other study sites where the EU 
taxon is only marginally present, but at frequencies too low to be 

A 

B 

eu na 

eu 

na 
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detected at our current sampling intensity by using two or three loci 
only as genetic markers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Maximum parsimony phylogenetic analysis of 
representative worldwide H. annosum genotypes, including putative 
North American (NA) x European (EU) recombinant individuals. A) 
mitochondrial ATP synthase subunit 6. B) elongation factor 1-Ŭ. C) 
glyceraldehyde 3-phosphate dehydrogenase gene. Bootstrap values 
are shown above branches. Dashed lines connect the same putative 
recombinant genotype in different trees. WNA = western North 
America; ENA = eastern North America; EU = Europe. 

 
 
It should be noted that if the exotic organism reaches the North of 
Italy, where forests are significantly infested by H. annosum sensu 
stricto, hybridization may occur more frequently. 
Hybrids in the complex Heterobasidion have been found once only, 
between sympatric North American taxa (1). This is the first report of 
hybridization between naturally allopatric taxa in the complex, as a 
consequence of anthropogenic introduction. 
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CONFERENCE ABSTRACT 
North American red oak (Quercus rubra) has been introduced into European 
forestry because of its higher increment when compared with the native 
species Q. robur and Q. petraea. Red oak has generally quite successfully 
established under central European conditions. However, some premature 
stands of this tree species turn out to be severely infected by the root rot 
pathogen Collybia fusipes (= Gymnopus fusipes) and rotten roots become 
evident in windthrown and uprooted trees. Till now C. fusipes is known in 
Germany as a weak pathogen in old stands of the native oak species. The 
present study concentrates on a red oak stand in the upper Rhine valley. The 
following topics are investigated: a) site conditions including geology and the 
ground water level of infected red oak stands; b) root anatomical studies in 
order to follow the temporal progress of infection; c) time course of radial 
increment of infected and uninfected trees. The elucidation of predisposing site 
conditions and triggering factors like drought shall lead to recommendations for 
silviculture. 

 

 
North American Red Oak (Quercus rubra) was introduced into 
European forestry more than a century ago because of its higher 
growth rate compared to the native oak species Q. robur and Q. 
petraea. Generally, Q. rubra has been successfully established under 

central European conditions, and it has been considered an 
alternative for both European oaks and beech from an economic point 
of view (3). Indeed this tree species covers more than 40,000 ha 
forest area in Germany (2).  
 
However, there are several reports from forestry officers in Southwest 
Germany of decline symptoms in this tree species. A correlation of 
declining red oaks with carpophores of Collybia fusipes (syn. 
Gymnopus fusipes) was observed. Indeed previous reports from 
France indicate that Q. rubra is more sensitive to C. fusipes than Q. 
petraea and Q robur (4). Based on these observations it is important 

to investigate whether these findings are applicalbe for German 
conditions, too. In particular, the identity of the pathogen needs to be 
established and symptoms and the site conditions favorable for the 
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disease have to be investigated and described. In order to develop 
guidelines for forest management impact on growth rates must be 
considered as well.  
 
For a detailed investigation a 45 year old red oak forest stand of ca. 
40 was selected in the Upper Rhine Valley/District of Emmendingen, 
Baden-Wuerttemberg; altitude 170 m a.s.l. The soil profil comprises a 
more or less carbonate free Ah layer (pH 4.2) in the upper 15 cm and 
an Al-horizon down to 30 cm, and a calcareous Bt-horizon down to 70 
cm. The alluvial gravel underground is strongly alcaline (pH 9.0). The 
ground water level oscillates at ca. 2.5 m below surface level with an 
absolute minimum in 1991 (-3.30 m) and a maximum in 1983 at -1.2 
m. The average annual precipitation is approximately 650 mm and the 
mean temperature around 10°C.  
 
In order to assess the disease incidence eight circular sample plots of 
0.1 ha each were installed. The trees of each plot were investigated 
for disease occurrence assesed by carpophores and the specific 
decay symptoms in coarse roots (1). To measure the annual ring 
width 30 trees of defined social tree classes (from predominant to 
suppressed) were selected and cut. Four trees were uprooted and the 
loss of conducting xylem was measured in terms of portion of infected 
girth. In addition to its identification based on carpophors, C. fusipes 

could be regularly isolated from decaying roots displaying a typical 
orange color. The cultures were identified by the slow growing 
clamped mycelium with production of oxalate crystals and incrustation 
of pigment, and by an agaricoid carpophore growing on a wood 
specimen in sterile culture. Furthermore, the DNA-sequence of the 
ITS1-region proved to be identical to an isolate of Gymnopus fusipes 

in the NCBI data base. 
 
The percentage of trees infected by C. fusipes in the eight sample 
plots fluctuated between 12.5% and 48% (mean 27%). The extent of 
decay in coarse roots of the uprooted trees was estimated to be 76 %, 
70 %, 59 %, and 0 % respectively. The vertical root system was 
almost completely destroyed in the trees showing dead branches in 
the upper crown. When analyzing several partly destroyed roots for 
the first signs of infection in annual rings we traced the oldest cambial 
lesions to be 9 years old.  
 
When analyzing dominant trees in terms of annual ring width at breast 
height it is of importance to note that growth was generally satisfying 
until 1995 (i.e. age 35). Afterwards the increment in trees with root rot 
dropped to about 0.5 mm (Figure 1). It was statistically confirmed (t-
test), that the infected crop trees had a lower ring width during the last 
decade. The difference of the mean annual increment was 51%. 
Before this period these trees had shown growth rates better than the 
average (Figure 2).  
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Figure 1. Cross section at breast height of a red oak infected by 
Collybia fusipes. Note the rapid decline in annual radial increment 
after 1995. The annual rings of the last decade before felling in 2006 
are hardly discernible.  
 
 

 
 
Figure 2. Annual radial increment of dominant red oaks affected by 
Collybia-root-rot compared with healthy trees (%). Note the decline 
of the infected trees during the last decade and their superior growth 
before the root system was destroyed by the infection. 
 

It was shown that infection by C. fusipes in a 45 year old red oak 

stand was followed by a 51% decline of annual radial increment 
during the last decade. It must be added that many trees with rotten 
roots were wind-thrown before and were not considered in this study.  
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Remarkably, losses in growth rate of predominant trees appear later 
but the decline is steeper than in suppressed trees. Probably decay of 
a big part of the root system can be compensated under normal 
growth conditions.  
 
As main stress factors which may favor the high percentage of 
infection and which may trigger the outbreak of the disease, we 
consider the following important: 
i) The alkaline and calcareous soil already at 30 cm depth, which is 

detrimental for red oak (6). 
ii) Dependency of the stand on sufficient precipitation, since the 

roots have no access to ground water and there is lack of 
ascending capillary water in the gravel. The mean annual 
precipitation of 650 mm may generally not be sufficient for red 
oak.  

iii) Since the trees have reached considerable height exceeding 25 
m at age 45 the damaged root system is unable to provide 
adequate supply of water and nutrients, especially in the dry 
summers of the recent past. 

 
In summary, it can be concluded that red oak has no basis for long-
term-survival as a crop tree on such forest sites given the unfavorable 
environmental conditions and the threat by C. fusipes. Red oak should 

be grown only in areas with higher precipitation and on non-
calcareous soils. 
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CONFERENCE ABSTRACT 
Among the species of Armillaria found in lowland Europe, Armillaria mellea is 
by far the most common cause of death or decline in vigour of garden and 
amenity trees. However the initial symptoms of the infection are not easily 
detected. The above ground parts of the affected plants show signs of infection 
similar to those caused by other root rot disease pathogens. It is relatively easy 
to confirm the presence of many species of Armillaria because of their very 
distinctive network of rhizomorphs throughout the year when no fructifications 
are present. As well as a wide range of uninjured and apparently healthy 
broadleaved and coniferous trees and shrubs, an increasing list of herbaceous 
hosts such as iris, potato, strawberry, narcissus, bamboo, geranium and weeds 
such as Rumex species have also been found to be attacked. The study of 
rhizomorphs should cast more light on the epidemiology of these pathogens. 

 

 
Among the species of Armillaria found in lowland Europe, Armillaria 
mellea is by far the most common cause of death or decline in vigour 

of garden and amenity trees. However the initial symptoms of the 
infection are not easily detected. The above ground parts of the 
affected plants show signs of infection similar to those caused by 
other root rot disease pathogens. It is relatively easy to confirm the 
presence of many species of Armillaria because of their very 

distinctive network of rhizomorphs throughout the year when no 
fructifications are present. As well as a wide range of uninjured and 
apparently healthy broadleaved and coniferous trees and shrubs, an 
increasing list of herbaceous hosts such as Iris, potato, strawberry, 
narcissus, bamboo, geranium and weeds such as Rumex species 

have also been found to be attacked. The study of rhizomorphs 
should cast more light on the epidemiology of these pathogens. 
 
Rhizomorphs may either be flattened, associated with the sheets of 
white mycelium found under the bark of trees or rounded in transverse 
section, where they penetrate through the soil near a dead or heavily 
infected host.  Their outer rind, cortex, is pseudosclerenchymatous, 
while the inner, medulla, is filled with thin-walled hyphae. The 
rhizomorphs develop 2.5-20 cm below the soil surface, in Armillaria 
lutea sometimes becoming more than 3 m in length growing up to 
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about 1 m per year, providing they are still attached to a food source. 
After the death of the plant the fungus may live as a saprophyte for up 
to thirty years before dying out. 
 
The rhizomorphs of different species of Armillaria show varying 

degrees of branching and elasticity, so it is possible to differentiate 
some species by the branching patterns of their rhizomorphs (3). 
However the rhizomorphs used for this method of diagnosis are not 
dug from soil but have to be cultivated quite slowly in vitro in mist 

chambers from inoculated food base substrates. Also the mere 
presence of rhizomorphs is not necessarily proof of the presence of 
an already active Armillaria infection although it may indicate that one 
is about to be started.  Even so, an extensive network of monopodial 
long brown/black bootlace like rhizomorphs is characteristic of the 
weakly virulent A. lutea (Figures 1 and 2), whereas the dichotomous 
rhizomorphs of A. mellea are often short, fragile and difficult to find (2).  

 

 
Figure 1. 

 

 
Figure 2. 
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Rhizomorphs are essentially analogous to "pipelines" (7), as the 
strands of white hyphae within them (Figure 3) transport nutrients from 
the host currently being rotted to the tips of those rhizomorphs in the 
network which are actively exploring their environment (6). Many 
become attached to and some infect fresh sites on the surfaces of 
root collars, roots or even leaves (Figure 4). Rhizomorphs are covered 
by a tough protective rind which appears to prevent other soil micro-
organisms from feasting on the nutrients being transported by the 
complex threads of mycelium inside, or the hyphae themselves. The 
rind is reddish-brown when young becoming black when older or 
exposed to the air. 
  

 
Figure 3. 

 
 
Bliss (1) reported that in culture, rhizomorphs grow best at pH 4/5, but 
they grow well over a wide range of type and pH of soils, from peats 
(pH 4) to highly alkaline sands of (pH 8).  Turner (7) explained this 
apparent anomaly by demonstrating that now different species have 
been recognised, these differ in optimal temperatures and pH for 
mycelial growth and rhizomorph formation.  Several earlier workers 
also observed that different Armillaria isolates varied in their 

temperature/growth relationships and other characteristics including 
host range. 

 
Cultures stop growing and die soon after they are deprived of air. 
When carbon dioxide levels reach 30%, growth is reduced and the 
rhizomorphs become as flattened as those formed under the bark of 
infected trees. Armillaria cultures grow better in darkness than in light 

and occasionally they may glow in the same way as rotten wood 
packed with actively growing mycelia.   
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Figure 4. 

 
 
Some species of Armillaria rarely if ever produce as many 
rhizomorphs as either A. mellea or especially A. lutea. For example, A. 
ostoyae after establishing itself, effectively spreads readily from 

infected to healthy host roots by contact. This mode of spread can 
eventually result in huge patches of one genet seen in North American 
conifer forests (5). This is rarely the case with A. mellea in Europe 

where several genets can be found on one host. Is this likely to be the 
result of its reliance on dispersal by rhizomorphs. By contrast, some 
Australasian species (4) that attack more widely spaced hosts appear 
more dependant on airborne inocula. 
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CONFERENCE ABSTRACT 
In the Landes de Gascogne forest (maritime pine; one million hectares), 
Heterobasidion root disease is mainly present in the south-eastern sector. 
However, three surveys carried out at 10 year-intervals showed an increase of 
the incidence of the pathogen in the northern and south-western sectors. The 
disease occurs more frequently in well-drained sites than in humid and dry, 
sandy soils.  In order to better understand the epidemiology of the disease, an 
experiment was carried out on the distribution of stump inoculum in the LdG 
forest and on the influence of soil and silvicultural practices on stump infection. 
Heterobasidion annosum was monitored on stumps of thinned trees (50/stand), 
which were harvested at different seasonal dates. The 48 selected stands were 
distributed in three different geographical areas (north, s-west, s-east) and on 
four different soil types. Furthermore, spore traps were placed at 20 points of a 
square grid in the s-west area, at different seasonal dates. Heterobasidion 
annosum was detected on stumps in the majority (87.5%) of the analyzed 
stands, with an incidence ranging from 2 to 48 %. Nevertheless, stump 
infection was less frequent when trees were harvested in autumn/winter and on 
dry soils. These results are discussed in relation to disease incidence and 
aerial inoculum trapping. 

 

 
Heterobasidion annosum is among the most widespread and 

damaging fungal pathogens in the Landes de Gascogne (LdG) forest 
(south-western France), causing significant economic losses on 
maritime pine (Pinus pinaster). The LdG forest is a mostly artificial 

pine monoculture of about one million hectares surface, which is 
intensively managed for timber production. Annosum root rot is mainly 
present in the south-eastern sector of the forest but three surveys 
carried out at 10 year-intervals showed a recent increase of the 
incidence of the pathogen in the north and south-western sectors (1).  
The disease is more frequent in well-drained sites than in humid, dry, 
and sandy soils. 

The biology of H. annosum is well known, especially the role of 

basidiospores as primary infective propagules. The freshly cut thinning 
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stumps are considered as the main sources of infection since the 
fungus usually enters a healthy stand by infecting the stump surfaces 
by basidiospores. In order to better understand the epidemiology of 
the disease, an experiment was carried out on the distribution of this 
first inoculum in the LdG forest and on the influence of soil and 
sylvicultural practices on the amount of stump infections. 

The H. annosum colonization was assessed on 1-2-year-old stumps of 

thinned maritime pines (50 stumps/stand) which were harvested at 
different seasonal dates in 48 stands with no damage of Annosum 
root rot. The selected first-thinned stands were distributed in different 
geographical sectors of the LdG forest which showed different levels 
of H. annosum  incidence, and on four different soil types (humid, well-
drained, dry and sandy soils).  A 5 cm-thick cross-section was cut 
from the top of each stump. Furthermore, spore traps consisting of 
fresh wood discs were placed during 24 hours at different seasonal 
dates at 20 points of a 4 km-square grid in a H. annosum free south-
west sector.  

Wood discs were individually wrapped in newspaper, placed in plastic 
bags and incubated for 14 days at 14° C before investigation for 
conidiophores. 

H. annosum was detected in 42 out of 48 analyzed stands on a total 

of 11.2 % of the thinning stumps, with a stump infection rate per stand 
ranging from 2 to 48 %. Twenty out of 42 contaminated stands (48% 
of all the infected stumps) were situated in townships of the north and 
south-west sectors of the LdG forest where Annosum root rot had 
never been reported (Figure 1). In one of these stands (Vieux Boucau) 
the stump infection rate reached 46 %. Stump infections were 
significantly less frequent when trees were harvested in autumn or 
winter and on sandy or dry soils than when trees were cut in summer 
or spring and on humid or mesophyl soils (Figure 2).  

These results are supported by spore trapping with wood discs. In a 
H. annosum-free area (Figure 1), 120 spores were captured by 
trapping during 24 h at each seasonal date, with the majority of them 
(66 %) found in spring. 

By contrast, only 3.4 % of the spores were trapped in summer, the 
temperature at this date having reached 40°C.  At the 20 points of the 
square grid, the abundance of spores on wood disks decreased from 
east toward West suggesting a westward spore dispersion. 
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Figure 1. Localization of the 48 selected first-thinned stands with 
their H. annosum stump infection rate (size of the circles proportional 
to the infection rate) and distribution of Annosum root rot (A. R. R.) 
observed in the townships of the LdG forest (colors of the townships 
refer to the number of observations of A. R. R: white, no  A. R. R.; 
pale yellow, 1 to 2; yellow, 3 to 5; orange, 6 to 9 ; red, 10 to 16). 
 

 
Our study confirms that first-thinning increases the risk of Annosum 
root rot in the LdG forest, even in areas where Annosum root rot is still 
not observed. However, this risk can be minimized by harvesting in 
autumn/winter, especially in humid and well drained soils. 
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Figure 2. Percentage of stump infection by H. annosum after 
thinning at four different seasons and on four types of soil (mean 
and standard deviation of the 12 stands are given). 
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CONFERENCE ABSTRACT 
Abies pinsapo is a protected fir species growing in natural ecosystems and 
suffering Heterobasidion root rot. In the autumn of 2005, two 50 x 50 m pure A. 
pinsapo stands (M and P) were chosen at Sierra de las Nieves Natural Park 
(southern Spain) to investigate spread of the pathogen. A total of 60 A. pinsapo 
trees were growing in stand M and 120 in stand P. Both stands included at 
least one disease focus. Heterobasidion abietinum was isolated from six 
symptomatic firs (10 %) in stand M and from 14 firs (11.7 %) in stand P. 
Heterokaryons obtained were confronted in all possible combinations on 1.5% 
MA medium and the plates examined periodically for the presence of the 
somatic incompatibility reaction. The low number but big size of the different 
genets detected, show that infection by spores may be of minor importance in 
disease dispersal, compared to the widening of old disease foci by direct 
growth of the pathogen from tree to tree through root contacts or grafts. 

 

 
The objective of this work was to investigate the spread of the H. 
abietinum in A. pinsapo forests. Because these forests are 

unmanaged ecosystems, we hypothesised that the infection by spores 
may be of minor importance in disease dispersal, compared to the 
widening of old disease foci by direct growth of the pathogen from tree 
to tree through root contacts or grafts. 
 
Two pure A. pinsapo stands (M and P) were chosen in Sierra de las 

Nieves Natural Park (southern Spain). The size of stand M was 50 x 
50 m, with 60 A. pinsapo trees, and stand P was 55 x 60 m, 

containing 120 trees. Both stands include at least one disease focus. 
Before the establishment of the Natural Park in 1989, A. pinsapo was 

regularly cut for commercial use as Christmas tree, without any stump 
treatment. Old decayed stumps were present in both stands. 
 
From every tree, two cores were extracted in a perpendicular way at 
ground level using an increment borer. Wood cores were surface 
sterilized, cut into small chips, plated on semi-selective medium (2) 
and incubated at 20º C. Each isolate obtained was checked for the 
presence of clamp connections. Heterokaryons obtained were 
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confronted in all possible combinations on 1.5% MA Petri dishes, 
incubated at 18-20º C for 6 ï 8 weeks and examined for the presence 
of the somatic incompatibility reaction (3). 
 
Somatic incompatibility reaction among isolates was generally visible 
as a barrier of white mycelium between paired colonies, but 
occasionally a zone of growth inhibition appeared. 
 
In stand M, H. abietinum was isolated from six out of 60 firs sampled 

(10%). Each of these six trees showed disease symptoms: yellowing 
and wilting of needles. Three genets were identified. One of them 
occupied four fir trees and the largest distance between infected trees 
was 21.5 m. Two genets were found in one tree only. 
 
In stand P, H. abietinum was isolated from 14 out of 120 firs sampled 

(11.7%). Four genets were detected. One genet had infected 10 trees, 
another two trees, and two genets were detected in one tree each. 
The largest distance between two infected trees was 57 m. 
 

The size of the largest genet mapped is considerably larger than 
Heterobasidion genets recorded in fir stands earlier (1). The large size 

of some genets found suggests that their expansion started from 
aerial infections of untreated stumps generated before the Natural 
Park was established in 1989. More recent infections, due to later 
sanitary cuttings, look unlikely because the stumps were treated and 
wounds in standing living trees are infrequent in the stands. As these 
circumstances are common for the entire A. pinsapo forest in the 

Natural Park, growth of the mycelium through root contacts or grafts 
from tree to tree appears to be the most likely route for the spreading 
of Heterobasidion infection. 
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CONFERENCE ABSTRACT 
A survey of canker incidence in dipterocarp forest was undertaken in logged 
and unlogged forest in Ulu Segama Forest Reserve, and on alluvial and 
sandstone soils in Kabili Sepilok Forest, to assess the link between mechanical 
damage and stem disease. Five transects were established in each forest type, 
and all trees of 5 ï 20 cm DBH visually assessed for stem cankers and stem 
damage. Most sites had a low canker incidence, with a mean of 2%; the 
highest incidence recorded was 11%. Cankers were not consistently 
associated with wounds, rotten branch stubs or lianas but did appear to be 
associated with an absence of dead branches or scars. Cankers occurred in 
dipterocarps more frequently and in euphorbs less frequently than expected by 
chance. Incidence was similar across the forest types examined. This work 
suggests that canker disease is important in dipterocarp forests at a local 
scale, but incidence appears to be unrelated to the presence of potential 
infection courts. 

 

 
Canker occurs on residual trees in logged dipterocarp forests of 
Sabah. Understanding of the impact of canker in tropical forests, 
however, is limited. Lack of information on incidence does not indicate 
disease absence in the tropics.  This work examined stem canker 
incidence in dipterocarp forest in relation to mechanical damage, 
testing the hypothesis that there is no association between 
mechanical damage to stems and incidence or development of canker 
between unlogged and logged forest. 
 
Work was conducted in March 2002 in 2 forest reserves in Sabah. Ulu 
Segama Forest (5Á0ǋN, 117Á30ǋE, 150-750 m a.s.l.) has documented 
histories of logging. Sites, described elsewhere (2), included 
conventional (CL) and reduced impact logging (RIL) areas (1). A 

second survey was carried out in Sepilok Kabili Forest (5 10ô N, 

117 56ô E), a mixed dipterocarp forest on both poorly-drained, alluvial 
soils, and well-drained sandstone soils. Canker incidence and wounds 
were estimated on a min. of 100 trees, 5-20 cm DBH, in five 10 m 
wide, 100 m transects in each forest type, with min. of 100 m between 
transects. Chi square tests were used to determine if canker incidence 
and damage was independent of site, logging history and forest stand. 
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Fisherôs Exact test was used to compare frequency of canker 
incidence. 
 
The most common tree families were Euphorbiaceae (19%) and 
Dipterocarpaceae (15%); others included Anacardiaceae, 
Sapotaceae, Myrtaceae, Lauraceae, Ebenaceae and Meliaceae. 
 

Median canker incidence in all forests was 2% 0.005, with a similar 
incidence across sites (Table 1). The highest incidence on single a 
transect was 11%, in the RIL site; the most severe cankers here were 
on Blumeodendron and Shorea multiflora.  Pooled data suggested a 

higher frequency of canker in dipterocarps (3.1%) than euphorbs 
(0.006%), compared to the full sample (Fisherôs Exact tests: 
dipterocarps, P = 0.06; euphorbs, P = 0.05). 
 

Table 1. Incidence (%) of cankers , wounds and scars by forest type 
(mean ± SE; N=5) in five study sites. Conventional logging, reduced-
impact logging and unlogged forest sites in Ulu Segama Forest 
Reserve; alluvial and sandstone forest in Sepilok Kabili Forest 
Reserve. RIL = reduced impact logging site, CL = Conventional 
logged forest. 

 

 
a
 Different letters within a column denote significant differences between sites 

using ANOVA followed by Tukey tests, p<0.05. ANOVA, F = 1.83, df = 4,20, P 
= 0.16. 

 

Wounded trees were less frequent in the sandstone and unlogged 
forest than in other sites. The proportion of trees with wounds in the 
alluvial site was similar to that in logged sites, possibly due to the 
inclusion of a transect with a high incidence of wounding. The RIL site 
also included one transect with high incidence of wounding.  
 
Incidence of canker was low in dipterocarp forests, with no 
relationship observed between canker incidence and other variables. 
Mechanical injuries were common, particularly in logged sites. The 
complex pattern of interactions between host, pathogen and the 

 Cankers Wounds Scars Rotten branch 

stubs 

Broken branches 

Alluvial  2 ±0.8 15 ± 6.4
a
 50 ± 4 19 ± 2 47 ± 13 

Sandstone  1 ± 0.7 6 ± 0.4
b
 34 ± 9 18 ± 5 21 ± 12 

Unlogged  1 ± 0.3 8 ± 2 
b
 31 ± 10 10 ± 2 65 ± 4 

RIL 4 ± 2 26 ± 4.2
a
 30 ± 11 18 ± 8 19 ± 3 

CL 1 ± 0.6 21 ± 3
a
 47 ± 10 19 ± 3 54 ± 11 
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environment may restrict the occurrence of disease in tropical forests, 
due to high spatial diversity and heterogeneity. 
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CONFERENCE ABSTRACT 
The oak wilt fungus, Ceratocystis fagacearum Bretz Hunt, causes a vascular 
wilt of trees in the genus Quercus. Oak wilt was first described in 1941 as a 
serious disease of oaks in Wisconsin. Since then, the disease has been found 
only in 22 states in the U.S. Much has been learned about oak wilt, but there 
are still many aspects of the disease that remain obscure. Different Quercus 
spp. vary in susceptibility, symptom development, and their contributions to 
inoculum production for long distance spread by insects. The mechanisms for 
these differences have not been elucidated. The disease cycle for C. 
fagacearum has been well described, providing the basis for successful 
management under most conditions. The impact of the disease, however, 
varies throughout the range of Quercus in the U.S. and there are vast oak 
resources where the disease has yet to occur. The reasons for this variability in 
disease throughout the ranges of the host and pathogen can be only partially 
explained. Another significant gap in our knowledge is the origin of the 
pathogen. Limitations in our understanding of oak wilt make it difficult to predict 
the course of the disease into new regions. An analysis of oak wilt in the vast 
live oak savannahs of Texas provides a useful contrast to the disease as it 
occurs elsewhere, and may provide some clues to the potential behavior and 
impact of the pathogen in unaffected forest ecosystems.  
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CONFERENCE ABSTRACT 
Forest tree species have evolved under climatic, geological, and biological 
forces over eons of time. Root disease fungi, particularly root rotting 
Basidiomycetes are key drivers of coniferous forest ecosystems. They have co-
evolved with their hosts under the pressure of these forces, and as such, are 
ideally in some state of equilibrium with them. Nonetheless, there are 
significant departures from the notion that native root disease fungi function in 
the same manner under many present forest conditions as they did prior to 
anthropogenic influences upon the forest landscape. These cases are often 
unpredictable and bring about significant ecological consequences. For 
example, fire reintroduction in fire suppressed conifer stands has unplanned 
pathological consequences. Issues such as decades of fire exclusion and fire 
reintroduction also have implications vis-à-vis Heterobasidion annosum root 
disease in Sequoia giganteum ecosystems. With respect to other root infecting 
fungi, our research showed an association of delayed mortality in longleaf pine 
with presence of Leptographium terebrantis, L. procerum, and other 
Ophiostomatoid pathogens, even after relatively cool burns. These fungal 
species are not considered virulent and longleaf pine is generally considered 
resistant to many diseases. These examples of unintended pathological 
consequences of management actions are a small number of many. 

 

 
Forest tree species have evolved under climatic, geological, and 
biological forces over eons of time.  Root disease fungi, particularly 
root rotting Basidiomycetes are key drivers of coniferous forest 
ecosystems.  They have co-evolved with their hosts under the 
pressure of these forces, and as such, are ideally in some state of 
equilibrium with them.  Nonetheless, there are significant departures 
from the notion that native root disease fungi function in the same 
manner under many present forest conditions as they did prior to 
anthropogenic influences upon the forest landscape. These cases are 
often unpredictable and bring about significant ecological 
consequences.  For example, fire reintroduction in fire suppressed 
conifer stands has unplanned pathological consequences. Issues 
such as decades of fire exclusion and fire reintroduction also have 
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implications vis-à-vis Heterobasidion annosum root disease in 
Sequoia giganteum ecosystems.  With respect to other root infecting 

fungi, our research showed an association of delayed mortality in 
longleaf pine with presence of Leptographium terebrantis, 
Leptographium procerum, and other Ophiostomatoid pathogens, even 

after relatively cool burns. These fungal species are not considered 
virulent and longleaf pine is generally deemed resistant to many 
diseases. These unintended pathological consequences arising from 
management actions are a small number of many.   
 
An example of such unintended pathological consequences is found 
in a longleaf pine ecosystem (Pinus palustris Mill.).  Our research on 
the Savannah River Site showed delayed mortality of longleaf pine 
following prescribed burning (Figure 1) associated with the presence 
of Leptographium terebrantis, L. procerum, and other Ophiostomatoid 

fungi in the woody roots even after relatively cool burns (3, 5).   In 
these studies, Leptographium species were widespread in woody tree 

roots of longleaf pine in all crown symptom classes.  However, when 
periodic annual increment (PAI) is measured with respect to 
symptomatic trees, a decline was statistically significant at least eight 
years prior to measurement in severely symptomatic trees.  It is 
possible that decrease in PAI is an indicator of H. annosum impact on 

these trees.  Why are we observing these root pathogens and 
associated mortality in a tree species that is adapted to fire? What are 
the roles of insect vectors for these fungi in this phenomenon?  
Notwithstanding these questions, we also found Heterobasidion 
annosum infection to be widespread on the study site, possibly 

indicating the Ophiostomatoid fungi are playing a secondary role in 
mortality.  
  
 

 

 

 

 

 

 

 
 
 
 

Figure 1. Longleaf pine mortality on the Savannah River Site three 
years after cool medium and hot intensity prescribed burn 
treatments. 
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We hypothesized many sites no longer possess specific edaphic and 
environmental conditions under which the species evolved because 
altered fire regimes, changes in soil conditions, or other factors that 
render trees susceptible to root pathogens.  A scenario of events 
following prescribed burning that may explain this mortality may be the 
presence of fine roots in accumulated duff layers become damaged, 
thus weakening tree defenses. Long-standing H. annosum infection 

also continually weakens trees on such sites. This in turn predisposes 
roots to infection by opportunistic pathogens such as Leptographium 

sp.  A slow decline syndrome is then set in motion whereby affected 
trees succumb to bark beetle attack or other stressors.  We think 
opportunistic pathogens like Leptographium sp. are indicators of 
ecosystem stress or poor stand health due to various stress agents, 
rather than a primary cause of mortality.  
 
On the other hand, we recently conducted (2006) root disease studies 
on impacted areas following the 1998 wildfires in the Osceola National 
Forest in Florida. We found infection by Leptograhium or 

Ophiostomatoid fungal species to be minor compared to the findings 
reported in studies conducted within a year following the fires.  The 
Leptographium species reported by Hanula et al. (1) was not found in 

the same surviving trees.  In this ecosystem, we hypothesize the slash 
pine and longleaf pine species are native to these sites and such 
pathogens, being opportunistic, do not become established in roots as 
they do in ñoff siteò tree species or severely stressed ecosystems. 
Normal prescribed fire regimes are maintained on the Osceola 
National Forest sites, in contrast to less frequent fire regime in the 
Savannah River Site study.  

 
Issues such as decades of fire exclusion and fire reintroduction also 
have implications vis-à-vis H. annosum root disease.  The remaining 
stands of giant sequoia (Sequoiadendron giganteum (Lindl.) 

Buckholz) have been subject to decades of fire exclusion in United 
States national parks.  This allows shade tolerant true firs (Abies sp.) 

to encroach in the understory.  Firs have widespread infection from 
the Ha S biological species and there is evidence for increased root 

rot in the sequoia through contagion of infected root contacts of 
sequoia with true fir (4). In a recent long-term study on fire 
reintroduction effects in giant sequoia stands, we found a positive 
correlation between white fire density in sequoia stands and incidence 
of H. annosum (Figure 2). The results await future post-treatment 
studies but the information gained will be valuable in preserving this 
tree species. 
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Figure 2.  H. annosum is positively correlated with increasing white 
fir density in Sequoia giganteum stands. 

 
Many pathological problems in forest stands arise from what we define 
as ñexotic ecosystemsò, a pathologically unstable ecosystem arising 
from rapid edaphic and environmental changes brought about by past 
land use or current management practices (2).  Pathological impacts 
or disease risk from fire, prescribed or wildfire, must be evaluated 
based upon a summation of factors such as tree species/site 
suitability, disturbances, or other stress factors.  Pathological 
consequences can be unpredictable, but that may be a function of our 
incomplete knowledge of factors necessary for pathogens to affect 
forest stands.  
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CONFERENCE ABSTRACT 
Annosum and Armillaria root rot are responsible for widespread mortality of 
mountain pine (Pinus mugo subsp. uncinata) in the Swiss National Park often 
creating canopy gaps in the forest. Among 42 forest gaps investigated, 31 were 
associated with H. annosum s.str. and six with A. ostoyae. Two other Armillaria 
species, A. cepistipes and A. borealis were also found in the study area, but 
seem to play only a minor role in gap formation. Somatic incompatibility tests 
and microsatellite analysis indicate that A. ostoyae formed large genets with 
the largest genet extending over 37 ha. In comparison, A. borealis and A. 
cepistipes formed significantly smaller genets.  To study the impact of the root 
diseases on forest dynamics we assessed tree regeneration along transects 
running across disease centers into the adjacent forest. The mountain pine 
regeneration was significantly more abundant in the disease center than in the 
forest. In contrast, the density of Swiss stone pine (Pinus cembra), a more 
shade-tolerant and late-successional tree species than mountain pine, did not 
differ between the disease centers and the adjacent forest. The incidence of 
root rot and mortality among the regenerating mountain pines was low, 
indicating that the regeneration is hardly threatened by the two pathogens. The 
results suggest that root-rot fungi slow down succession towards stands with a 
higher proportion of P. cembra by creating forest gaps that favor regeneration 
of the early-successional mountain pine. 

 

 
The mountain pine (Pinus mugo subsp. uncinata) is a subalpine 

pioneer species that occurs in the mountains of western Europe from 
the Pyrenees to the Central Alps. In the Swiss National Park in the 
Engadine, mountain pine forests are growing at an altitude between 
1800 and 2200 m a.s.l. Annosum and Armillaria root rot are 
responsible for widespread mortality of mountain pine in these forests 
often creating canopy caps in the forest (1, 2, 5). Among 42 forest 
gaps investigated, 31 were associated with H. annosum s.str. and six 
with A. ostoyae. Two other Armillaria species, A. cepistipes and A. 
borealis were also found in the study area, but seem to play only a 

minor role in gap formation. Somatic incompatibility tests indicate that 
A. ostoyae occurred as large genets (3). In comparison, A. borealis 
and A. cepistipes formed significantly smaller genets. The largest 
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A. ostoyae genet extended over an area of 37 ha and represents the 
largest Armillaria genet known in Europe to date. Forest gaps 
associated with H. annosum were commonly embedded within the 
large Armillaria genets. Five microsatellite markers (6) were used to 
genotype the A. ostoyae genets. All 46 isolates of the largest genet 

proved to have the same multilocus genotype, which was different 
from those of all other genets. These results confirm the delineation of 
the genets obtained by somatic incompatibility tests. The presence of 
large A. ostoyae genets suggest that sexual reproduction is rare, 

probably because of the cold and relatively dry climate in the study 
area. 
 
To study the impact of the root diseases on forest dynamics we 
assessed tree regeneration along transects running across disease 
centers into the adjacent forest (4). The mountain pine regeneration 
was significantly more abundant in the disease center than in the 
forest. In contrast, the density of Swiss stone pine (Pinus cembra), a 

more shade-tolerant and late-successional tree species than mountain 
pine, did not differ between the disease centers and the adjacent 
forest. The incidence of root rot and mortality among the regenerating 
mountain pines was low, indicating that the regeneration is hardly 
threatened by the two pathogens.  The results suggest that root-rot 
fungi slow down succession towards stands with a higher proportion 
of P. cembra by creating forest gaps that favor regeneration of the 
early-successional mountain pine.  
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CONFERENCE ABSTRACT 
Several isolates from the eastern United States, from Europe, and from the 
North American population introduced in Italy were inoculated on Scots pine 
cuttings. Significant differences in lesion size were detected amongst North 
American (NA) and European (EU) isolates, but not among NA isolates 
collected in central Italy. These results support the hypothesis that the NA 
population found in Italy is the result of a bottleneck associated with an 
introduction event during World War II. In order to compare virulence of NA and 
EU isolates, seedlings of loblolly pine (a US host) and of Italian stone pine (a 
European host) were concurrently inoculated with multiple isolates from the 
USA, from Europe, and of NA origin but found in central Italy. Results indicated 
that NA and EU isolates have comparable virulence on both hosts. Because 
NA isolates have been reported to be abundant in coastal pine woods where 
presence of the indigenous Heterobasidion species is limited, we have 
attempted to identify differences between the two provenances, other than 
virulence. By sampling the air for airborne basidiospores in the winter and 
summer months, we have found that spores of the NA taxon are present all 
year round, while spores of the EU species are absent in the summer season. 
We infer that the ability of the exotic taxon to be active all year round has given 
it an ecological advantage in part responsible for its spread in areas 
unoccupied by the native taxon. 

 

 
An invasion of the North American P ISG of Heterobasidion annosum 
has been documented in coastal pine stands of Central Italy (1).  An 
extensive sampling of approximately 280 km of coastline using spore 
traps indicated that the native Eurasian Heterobasidion species is 

generally rare or absent from the dry coastal pine forests (2).  The rare 
incidence of the Eurasian species in these xeric environments was 
observed both inside and outside the zone of invasion, indicating the 
exotic species is mostly occupying a niche unoccupied by the native 
species.  Furthermore, significant clusters of pine mortality have been 
observed in conjunction with the presence of the invading species, 
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potentially suggesting that the exotic pathogen species may be more 
pathogenic than the native counterpart on Italian pine trees. It is 
generally assumed that invasive pathogens are successful because of 
such increased pathogenicity in their new environment, generally 
explained by the lack of co-evolution between exotic pathogen and 
native hosts.  Alternatively, the invasion may be the result of 
ecological traits that make the invasive species more fit than the 
native species in dry environments, and the observed mortality may 
be the result of the establishment of pathogen populations where the 
native pathogen has always been absent or rare.  To differentiate 
between these two scenarios, we performed a series of experiments 
aimed at comparing pathogen virulence, followed by experiments 
aimed at determining pathogen activity by measuring sporulation 
potential in dry and wet periods of the year.  An initial screening of 10 
Eurasian, 8 North American, and 9 invasive North American isolates 
from Castelporziano, Italy, was performed by inoculating Scots pine 
cuttings, all taken from a single tree predetermined to be moderately 
susceptible to the pathogen. Lesion size was measured 45 days after 
inoculation, and results indicated that while individual isolates varied 
in virulence within the North American and Eurasian provenances, 
there was no significant difference among the three groupings. 
Interestingly, no differences among isolates were seen among the 
invasive isolates, a trait suggestive maybe of limited genetic diversity 
(Figure 1). 
 
A second experiment was performed by inoculating 7 isolates (3 North 
American, 3 Eurasian, and 1 invasive) on 434 Italian stone pine (Pinus 
pinea) and on 443 North American loblolly pine (P. taeda) seedlings.   
After three months, lesion size  (Figure 2) and frequency of successful 
infection indicated that North American and Eurasian genotypes had 
the same level of pathogenicity on both pine species, contradicting the 
hypothesis of higher pathogenicity levels of the exotic pathogen on the 
native Italian pine species.  In a third experiment, spores were trapped 
in two forests, including the single site where both pathogen species 
coexist in equal numbers because of more mesic conditions, in the 
winter and in the summer.  Results indicated that North American 
spores could be collected in both sites, at both times of year, without 
significant seasonal variation in spore loads; on the other hand, the 
European species could only be detected in one forest and only in 
winter (Figure 3).  These results indicate the exotic pathogen is active 
throughout the year, while the native species is not active in dry 
conditions. 
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Figure 1. Lesion sizes in cuttings of a Scots pine tree 45 days after 
inoculation with isolates of Heterobasidion annosum from Europe, 
North America, and from the invasive North American population in 
Castelporziano, Italy.  Each isolate was inoculated on 6 cuttings.  
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Figure 2. Lesion sizes in pine seedlings at three months after 
inoculation with North American  (1A, Cal 2, Conk 1), European 
(Cembro 1-bis, Poland 203011, 365), and invasive North American 
isolate  (CP15) in Italy.  The Mediterranean pine species affected by 
the invasive North American species is P. pinea, while P. taeda is 
one of the major hosts of Heterobasidion annosum in North America.  
Isolates rank equal in their pathogenicity on both pine species, 
independent of provenance.  Error bars are 1.96 SE. 
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Figure 3. Frequency of spore traps (IF) in which Eurasian (H. 
annosum s.s.) and North American (H. annosum Am-P) 
basidiospores of Heterobasidion annosum were captured in the rainy 
December 2005, March and December 2006 months, and in the dry 
September 2006 sampling.  Letters (capitalized for the North 
American individuals) indicate statistically significant groupings at 
P<0.05, based on chi-square tests. 

 
We conclude that the invasion of the North American pathogen 
species is better explained by its ability to outcompete the native 
species in dry environments, than by the presence of highly 
susceptible hosts because of the lack of coevolution.  The mortality 
levels observed in conjunction with the invasive species are probably 
due to the establishment of a root pathogen in areas that were 
previously devoid of a similar organism. 
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CONFERENCE ABSTRACT 
In western Australia, Eucalyptus globulus plantations are commercially 
harvested and a proportion of plantations are ócoppicedô and grown as second 
rotation crops. Reports by managers note that coppice stumps are colonised 
by fungi that decay the stumps, possibly leading to frequently observed wind-
throw and yield loss. A number of surveys were undertaken to determine: (1) 
the extent of wind-throw and/or tree losses in coppice plantations, (2) the 
numbers and species of fungi associated with rot in stumps of coppice stands, 
(3) the distribution and incidence of these fungi within the plantation estate, and 
(4) what environmental factors are involved in their incidence and distribution. 
Eighteen coppiced plantations were surveyed. Coppice plantation losses 
averaged 14.3 % and there were no apparent geographical trends. Fungal 
colonisation of stumps was high, with up to 80% of stumps colonised at one 
plantation. Across sites, six dominant fungal species were observed on 
stumps: Trametes versicolor, Pycnoporus coccineus, Stereum hirsutum, S. 
illudens and two as yet unidentified species (species A & species B). The 
incidence of the species recorded on the stumps varied depending on the 
plantation. Inferences and some ongoing research will be discussed. 

 

 
The south-west of Western Australia (WA) has the largest area of 
hardwood plantations (mainly Eucalyptus globulus) in Australia, 
comprising 280,000 ha or 35% of the national total (2). E. globulus 
plantations are considered exotic to WA, as the species natural range 
lies in Tasmania and south-eastern Australia. Nevertheless these 
plantations are often surrounded by native forests dominated by trees 
of the same genera or family (e.g. E. marginata, Corymbia callophila 
and E. diversicolor). Plantation managers are highly aware of the 

potential pests and pathogens that may transfer from the natural 
forest onto the plantations and as a result research into potential 
threats has been proactive. 
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In the last few years, maturing first rotation plantings have been 
commercially harvested and between 40 to 50% of harvested sites are 
allowed to ócoppiceô. That is, new shoots arising from óparentô stumps 
are allowed to grow to produce a second rotation crop. Anecdotal 
reports by plantation managers have noted that some coppice 
plantations have suffered 'significant' losses due to wind-throw (Figure 
1). The reports also noted numerous stumps being colonised by 
unidentified fungi that apparently decay the stumps. In other forestry 
environments wind-throw is often associated with internal wood decay 
caused by fungi. If not managed properly wood decay can cause 
significant economic losses (3, 4). 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. 24-month-old windthrown E. globulus stump, 6 main 
shoots were lost. Note that this tree was on the edge of the 
plantation. 

 

With this in mind, and as there is limited knowledge in Australia of the 
incidence, ecology and impact of wood decay fungi (1), a number of 
E. globulus coppice plantations were surveyed to determine: (a) the 

extent of wind-throw and tree losses in coppice plantations, (b) the 
numbers and species of fungi associated with stumps, (c) the 
distribution and incidence of these fungi within the plantation estate, 
and (d) what effect, if any, these fungi are having on the viability of 
coppice plantations. 

A total of 18 coppice plantations were surveyed in five different 
geographic regions of south-western Australia; Boyup Brook, Collie, 
Manjimup, Augusta and Albany. Data collected from coppice stumps 
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included: height and diameter of stump, number and position of 
coppice shoots (living stumps only), number of dead or broken shoots, 
presence of fungal fruiting bodies and presence of signs of rot. 
Missing, dead and failed stumps were also recorded. 

Stumps where windthrown shoots lead to tree loss, represented less 
than 1% of all stumps surveyed. Anecdotal reports of significant 
losses due to windthrow were possibly due to plantations managers 
observing losses along the edges of plantations following sporadic 
wind events. Overall, there was no geographical trend with regards to 
stump mortality. Differences in tree losses between plantations were 
possibly driven by particular site or harvesting conditions, rather than 
larger regional scale factors. First rotation stands averaged losses of 
24.4%; whilst in the second rotation 14.3% of trees harvested failed to 
coppice successfully. However, coppice plantations were surveyed at 
18-24 months after their initial harvest and further losses may be 
expected before the completion of the rotation. 

Failed/dead stumps had a smaller average diameter (160 mm) than 
stumps that coppiced successfully (212 mm). Most failed stumps 
didnôt sprout. Indicating, either host genetic, fitness or competition 
factors may be involved rather than fungi. Additionally, despite high 
fungal colonisation rates (up to 80% of stumps colonised at one 
plantation) an average of 85% of all stumps developed healthy 
coppice. From this evidence it was concluded that fungal colonization 
did not interfere significantly with new shoots developing. 
Nevertheless, in a number of cases, fungal rot was observed 
developing from the colonised stump into the coppice shoots (Figure 
2). This has been observed in other studies (5) and could potentially 
threaten the productivity of the coppice rotation by causing sufficient 
rot to affect wood quality or lead to the breakage of coppiced stems. 

 

 

 

 

 

 

 
Figure 2.  E. globulus stump 24 months after harvest colonised by S. 
hirsutum. Arrows indicate where decay has entered from the stump 
into the coppice shoot. 

 



SESSION V: ECOLOGY 

Proceedings of the 12
th
 International Conference on Root and Butt Rots of Forest Trees 

 136 

Six fungal species were commonly observed fruiting on stumps 
(Figure 3): Trametes versicolor, Pycnoporus coccineus, Stereum 
hirsutum, Stereum illudens and two, as yet, unidentified species 

(species A and species B). For most of the species, the incidence and 
frequency of fruit bodies observed varied widely, depending on the 
site. For example, species A was observed in only half of the 18 
plantations surveyed and when present, rates of coppice stump 
colonisation varied from 1% in Manjimup 3 up to 70% in Manjimup 4 
(Figure 4). This is suggestive of opportunistic colonisation. 

 

 

 

 

 

 

 

 

Figure 3. Fungi commonly observed on E. globulus coppice stumps. 
From left to rigth and top to bottom; Trametes versicolor, Stereum 
hirsutum, Stereum illudens, Pynoporous coccineus, species A, 
species B. 
 

Some geographic differences were observed; T. versicolor was more 

commonly observed in the drier northern range plantations of Boyup 
Brook and Collie, while species A was observed more frequently in 
the wetter southern range plantations of Manjimup and Augusta 
(Figure 4). Plantations were surveyed at different times of the year, so 
differences may only reflect the time of survey rather than geographic 
or climatic differences. Alternatively, as plantations were harvested at 
different times of the year, differences may be due to harvest times 
coinciding with different fungal species dispersal times. 
 
S. hirsutum was observed in all but one of the plantations surveyed 
and rates of stump colonisation (both dead and coppiced) were more 
consistent (Figure 4). This suggests that it can actively colonise 
stumps disregarding other factors such as harvest time, competition 
and host physiological status. Alternatively, its consistent presence 
may indicate that it had already colonised the trees prior to harvest. 
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Figure 4.  Proportion of stumps (coppice and dead) in second 
rotation E. globulus plantations colonised by Stereum hirsutum, 
Trametes versicolor or species A. 

 

Most of the fungi recorded colonised both dead and coppiced stumps 
equally, except for species A. This species colonised a higher 
proportion of living stumps than dead stumps (Figure 4). Suggesting 
that species A is better able to colonise and decay living tissue rather 
than dead and therefore poses a threat to the emerging coppice 
shoots. Alternatively, it may only reflect the better fruiting conditions 
rather than preferential colonization, i.e. coppiced stumps tend to be 
moister than dead stumps and hence the fungus is better able to fruit 
on them. 

Ongoing research includes: (a) testing observed fungal species for 
their ability to cause decay in coppice shoots, (b) examining the effect 
that season of harvest has on subsequent fungal colonisation of 
stumps, (c) monitoring stump fungi in plantations in different growing 
regions throughout a fruiting season. 
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CONFERENCE ABSTRACT 
Armillaria root rot is one of the main root diseases affecting young forest trees 
in the Basque Country (northern Spain). The aim of this study was to determine 
the different Armillaria species involved and the spatial distribution of Armillaria 
in native forests in the Basque Country. During the summer and autumn 
months a survey was carried out for three consecutive years (2004-2006) to 
study the incidence of Armillaria on forest and grapevine plantations. A total of 
228 dead and dying trees were surveyed, of which 179 presented rhizomorphs 
on their roots or showed typical symptoms of Armillaria root disease. A total of 
78 isolates were obtained from different hosts: Pinus ssp., Quercus spp., 
Fraxinus excelsior, Alnus glutinosa, Chamaecyparis lawsoniana and Vitis 
vinifera. The isolates were identified by culture morphology, mating tests, and 
polymerase chain reaction-restriction fragment length polymorphism (PCR-
RFLP) of the intergenic spacer region (IGS) of ribosomal DNA (rDNA). Five 
Armillaria species were identified by morphological methods and the PCR-
RFLP analysis detected seven restriction patterns corresponding to the same 
five Armillaria species: A. mellea (pattern 1 and 2), A. ostoyae (pattern 1 and 
2), A. cepistipes, A. gallica and A. tabescens.  

 

 
Armillaria root disease is one of the main root diseases affecting 
native and young forest trees and vineyards in the Basque Country 
(northern Spain). Seven Armillaria species have been described in 
Europe. Although the presence of Armillaria in Spain is well known, it 

was only recently that they were identified to species level (1). There 
are two bio-climatic zones that can be distinguished in the Basque 
Country: the Eurosiberian and the Mediterranean region. The first one, 
in the north area, has a meso-thermal moderate climate with high 
rainfall where Pinus radiata plantations are predominant and 
deciduous forests trees are present; the latter, in the south area, has a 
xero-phytical climate and lack of rainfall, is covered by perennial 
forests and is the principal vineyard area. Therefore the first objective 
of this study was to survey and identify the different Armillaria species 
in native forests, plantations and vineyards in the Basque Country. 
The second objective was to determine the geographical and spatial 
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distribution of the identified species and to determine any 
predisposing factors that encourage the development of the disease. 
 
During the summer and autumn months surveys were carried out for 
three consecutive years (2004-2006) to study the incidence of 
Armillaria on native forests, plantations and grapevine plantations in 

the two bio-climatic areas described. 
 
Armillaria was isolated from basidiomata, rhizomorphs or mycelium 

found under the bark of infected roots. All the isolates were 
geographically referenced, by means of GPS. Using the UTM 
coordinates at the environmental database supplied by one of our 
collaborators, IKT, S.A. (Nekazal Ikerketa eta Teknologia, S.A.), the 
following information was recorded for each inspected point: potential 
vegetation, lithology, permeability, wind exposure, slope, and micro-
climate conditions.  
 
The isolates were identified by culture morphology and diploid isolates 
were identified in compatibility tests with known haploid testers of six 
European Armillaria species (Figure 1).  

 
A. tabescensïA. gallica (H) A. cepistipes ïA. gallica (H) A. ostoyae 2 ïA. gallica (H)

A. ostoyae 1 ïA. gallica (H) A. mellea 2 ïA. gallica (H) A. mellea 1 ïA. gallica (H)

A. gallica ïA. gallica (H)

 
Figure 1. Pairings of a selection of diploid isolates with A. gallica 
haploid (H). 

 
A polymerase chain reaction-restriction fragment length polymorphism 
(PCR-RFLP) of the intergenic spacer region (IGS) of ribosomal DNA 
(rDNA) was used to confirm the identification to species level (2). The 
restriction enzyme analysis was performed with the restriction 
enzymes Alu I, Nde I and Bsm I (3). 
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A total of 300 dead and dying trees were surveyed. A total of 78 
isolates were obtained from different hosts: Pinus radiata, P. nigra, P. 
pinaster, Quercus robur, Q. pirenaica, Fraxinus excelsior, Alnus 
glutinosa, Chamaecyparis lawsoniana and Vitis vinifera. Five 
Armillaria species were identified by cultural morphology and mating 

tests.  
 
The identification was confirmed by the PCR-RFLP analysis that 
detected seven restriction patterns corresponding to the same five 
Armillaria species: twenty-four isolates were identified as A. mellea 
(patterns 1 and 2), 45 isolates as A. ostoyae (patterns 1 and 2), 1 
isolate as A. cepistipes, 7 isolates as A. gallica and 1 isolate as A. 
tabescens.  

 
A. ostoyae was detected on Pinus spp. (P. radiata, P. nigra and P. 
pinaster), A. mellea on P. radiata, Quercus sp., F. excelsior, C. 
lawsoniana and V. vinifera, A. gallica on A. glutinosa, P. radiata and 
Q.  robur, and the isolates of A. cepistipes and A. tabescens were 
found on P. radiata and Q. robur respectively (Figure 2).  

 
Figure 2. Frequency of species of Armillaria in relation to species of 
host. 

 

It has been observed, among the studied parametric variables, that 
rainfall and minimum temperature have stronger influence on the 
discrimination model among Armillaria species. The diversity of 
species of Armillaria decreases in the direction of the rainfall gradient 
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and to the area with the highest thermal oscillation where vineyard 
extensions are located (Figure 3). 
 

 
Figure 3. Distribution of forest species and detected species of 
Armillaria in the Basque Country. 

 
As a result of the statistical analysis of non-parametric variables, it has 
been observed that over 94% of the damaged areas were found in 
heavier soil types with low-media permeability, and wind exposure and 
gradient have not influence on the distribution of Armillaria species. 
 
Five different Armillaria species have been detected in the Basque 
Country affecting native forest, plantations and vineyards. A. ostoyae 
is the main species causing economical losses in young Pinus radiata 
plantations and A. mellea on vineyards. A higher biodiversity of 

species has been found in the Eurosiberian region, with its Atlantic 
Climate, and where Pinus radiata has replaced native forests of 

acidophylous oaks. In the Mediterranean region, with its xerophytical 
climate and having originally been covered by alkaline oak-forests, 
where Q. ilex was predominant, only A. mellea was detected causing 
serious damages in vineyards and oaks (Figure 4). 
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Figure 4. Distribution of rainfall levels and detected species of 
Armillaria in the Basque Country.  
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CONFERENCE ABSTRACT 
Interior Douglas-fir [Pseudotsuga menziesii var. glauca (Beissn.) Franco] 
seedlings from 87 maternal half-sibling families were screened in a greenhouse 
resistance trial to Armillaria ostoyae (Romagn.) Herink by inserting an inoculum 
source into the pots for three years. The interior Douglas-fir population is 
divided into four geographically distinct seed zones that represent differences 
in the physical and biological environment. The rate of mortality over three 
years and the final percent survival showed clear differences between half-
sibling families (range 0-65% survival) and seed zones (range 7-25% survival). 
The least susceptible families originated from the drier and warmer seed 
zones. These trees appeared to limit the spread of the fungus especially in the 
first year after infection, which reduced the overall mortality at the end of the 
experiment. Longer-term reactions such as callus tissue occurred more 
frequently at lesions on tree roots from the resistant seed zones, but were not 
significantly different (p=0.11). Environmental temperature and moisture levels 
are suspected of affecting fungal inoculum and the selection of tree 
phenotypes able to cope with the disease in the seed zones. 

 

 
Armillaria root disease causes significant growth reduction and 
mortality in most commercial tree species in southern British Columbia 
(BC) (2).  Within this region, climate has been shown to strongly affect 
the host-pathogen relationship and disease (1, 3), while pathogen 
virulence has a lesser effect on disease expression (4). Little 
information exists concerning variation in host response to the fungus. 
The objective of this study was to screen an open-pollinated half-sib 
population of Interior Douglas-fir [Pseudotsuga menziesii var. glauca 
(Beissn.) Franco] for resistance to Armillaria ostoyae (Romagn.) 
Herink.  Douglas-fir is a valuable commercial tree species used mainly 
for lumber, plywood and poles, and is one of the most susceptible 
host species to the fungus (2).  The test population included families 
from four geographically distinct seed zones that are used in 
reforestation to control seed transfer.  These seed zones were 
delineated largely on the basis of the physical and biological 
environment.  Eighteen seedlings from each of 87 families from the 
four seed zones were challenged by inserting an inoculum source into 
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the pots next to a three-year-old seedling (Figure 1), and then 
monitored for three year survival. 
 
 

 
 
Figure 1.  An example of the Douglas-fir seedling and birch block 
inoculum source of Armillaria ostoyae used in the study. 

 
The mortality after three years differed among families (range 0-56% 
survival) and seed zones (range 7-25% survival). The least 
susceptible families originated from two of the drier and warmer seed 
zones.  Survival analysis considered seed zone, season, and time 
since inoculation as fixed effects and family as a random effect.  All 
effects were significant (P<.0001), but family had a smaller effect on 
seedling survival than the fixed effects. 
 
Trees from drier seed zones apparently limit fungal spread especially 
in the first year.  Environmental temperature and moisture levels are 
suspected of affecting fungal inoculum and the selection of hosts that 
limit fungal spread at lesions.  Host fitness may be more affected 
under drier conditions especially for slow responding hosts that cannot 
limit root lesions to patches instead of girdled non-functional roots.  
Longer-term reactions such as callus tissue occurred more frequently 
at lesions on tree roots from the less susceptible seed zones, but were 
not significantly different (P=0.11).  Trees in all seed zones could be at 

increased risk to the disease if the climate warms and dries; however, 
the trees in the wetter seed zones would likely be impacted to a 
greater degree because of the reduced host response. 


