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Abstract

Armillaria is a genus from the phylum Basidiomycota, which can cause Armillaria root
rot disease. Both broadleaves and conifers are hosts for Armillaria. Some Armillaria species
are important root and butt rot pathogens, causing mortality and yield reduction in forests.
Others have more of arole as a saprophyte, helping to degrade woody substrate and therefore
have some ecological importance. Knowing which species of Armillaria is present is
important to determine any potential impact in forest regeneration.

The aim of this thesis is to study the diversity and distribution of Armillaria species in
the forest reserves at Dalby Salerskog and Norreskog in southern Sweden Two different
methods were used in this study, one is based on the molecular techniques where the ITS
region and EF-1a region of samples’ DNA were amplified for sequencing. The amplified
DNA sequences were queried in the Gene bank. The other method is based on the biological
species concept which is realized by pairing tests.

According to the results, Armillaria gallica, A. cepistipes and additional Armillaria sp.
were identified in the study area and A. gallica is dominating. Armillaria gallica is
distributed both in Sdilerskog and Norreskog, while A. cepistipes was only found in
Salerskog. The morphology of rhizomorphs of Armillaria in cultures varied among isolate.
Two genets were identified using traditional pairing tests and the genet sizes could be large
enough to cover the whole study site. The Armillaria species identified in this thesis have an
important role as saprophytes, decomposing dead organic matter, but can also behave as
facultative parasites if trees are weakened by other stress factors. Several tree species are
currently suffering from other biotic stressors (e.g. Hymenoscyphus fraxineus on ash, Dutch
elm disease on elm, Phytophthora spp. on beech), which may make tees more susceptible to
attack by Armillaria species in the future. However, given the typical lower virulence
associated with the identified species at Dalby, any increase in inoculum potential that may

affect regeneration in the long-term is probably short-lived.

Keywords: Armillaria, species identification, species distribution, DNA techniques, pairing

tests



Table of Contents

1.

INEFOAUCTION ...ttt bbbt 8
1.1 The genus ArMIHTAITA........coiiiiiiiie e 8
1.2 Armillaria SPecies IN SWEABN .......cc.viieiieii e 10
1.3 Armillaria root FOt diSEASE .........ccverieiiiiiiieieie e 12
1.4 1dentification of Armillaria SPECIES .........cuviveiiiiieiiriseee e 14
LT N 1101 USSR SPSSSRRTR 15
Materials and METhOUS .........oviiiiii it 16
S (1T |V | (= OSSPSR 16
2.2 SAMPIING. ..o 17
2.3 Species identifying procedures through DNA techniques..........ccccccevvvevveieiieneen, 18
2.4 PaITING TESE....eiveiieiie ettt et e et e st e e ra e re e nne s 21
RESUILS .ottt ne e r et nre e enes 21
3.1 SPeCies IdENTITICALION. .......oiviiiiiiicceee s 21
3.2 SPECIeS IStrIDULION. ........coiiie i 27
3.3 SUDSEIate MALEITAIS......c..eveieeiei i 28
3.4 MOrphology OF ISOIALES ........ocviiiiiiiiieie s 29
3.5 PAITING TEST ...ttt 32
Dol U1 (o] o PRSP RRPP 34
4.1 ldentified Armillaria species and composition in study areas.............ccccceeevevennen. 34
4.2 Ecology of A. gallica and A. cepistipes in Dalby ...........ccccceviiiniiniiiniice 34
4.3 The genet SIZE aN0 A0 .......oovi it 35
4.4 Comparison on identification Methods...........cccccveiiiiiic e 35
(000 0 0d [11 [0 o H PRSPPSO 35
ACKNOWIEAGMENTS ... e 36
R E =T =] 0TSSR 37



List of Figures

Figure 1. Mycelium fans, rhizomorphs and fruiting bodies of Armillaria. A) Mycelial fans
of A. ostoyae under bark (Sipos et al., 2018). B) Rhizomorphs of A. gallica under
the bark (Photo by Wenzi). C) Fruiting bodies of A. mellea in field
(http://wikipedia.moesalih.com/Fi  le:Armillaria_mellea 041 031w.jpg). D)
Rhizomorphs of A. gallica growing in soil (Photo by Wenzi)..........ccccoveiineenne 9

Figure 2. Rhizomorph branching patterns in the northern hemisphere (edit from Morrison,
2004). a) Monopodial branching pattern of A. gallica, b) monopodial branching
pattern of A. nabsnona, c¢) dichotomous branching pattern of A. ostoyae, d)
dichotomous branching pattern of A. borealis. Arrows indicate the start point of
FNIZOMOIPN GrOWLEN. ... 10

Figure 3. Spread of Armillaria root rot disease (edit from Heinzelmann et al., 2018). A)
Two methods to infect healthy trees by contacting Armillaria infected roots and
contacted by rhizomorphs; B) Mycelium of Armillaria spreads into healthy trees.

Figure 4. Result of pairing test in culture. A) Incompatible reaction of two isolates showing
an obvious inhibition zone between two opposing colonies (photo by Wenzi). B)
Compatible reaction of two paired isolates whose hyphae have fused to produce a
uniform mycelium colony (Baumgartner etal., 2011) .....c.ccccocevirenininiiiieen 15

Figure 5. Sample collection procedures: A) Map of Dalby S&lerskog and Norreskog, white
line indicates the approximate trial followed for collecting samples; B) An
Armillaria rhizomorph colonized stump with loose bark; C) Debarked tree shows
rhizomorphs; D) Digging soil to find the rhizomorphs; E) Collection of rhizomorphs

from soil; F) Storing rhizomorphs in bags and marking collection positions by GPS

Figure 6. Work trial for Armillaria identification through DNA techniques.................... 20

Figure 7. An example of electrophoresis result of DNA samples. Samples 1, 6, 11, 16,17,
18, 19, 20, 21, 22 showed bands in electrophoresis, while samples 1, 11, 17 had no
DaNd IN EIECTIOPNOTESIS ..o 22

Figure 8. Armillaria species distribution in Dalby Sclerskog and Norreskog. Only the
identified isolates are shown on the map; All Armillaria species are marked by circle.

The yellow areas are occupied by Armillaria cepistipes, the red areas are occupied

5


http://wikipedia.moesalih.com/Fi

by Armillaria gallica. The orange dot represents Armillaria sp...........ccccccovvennne. 29
Figure 9. Morphologies of Armillaria gallica from different isolates. A), B) are the front
and back sites of the isolate from point 99. C), D) are the front and the back sites of

isolate from POINE 140, ........ccoviiiiie e 30
Figure 10. Morphology of Armillaria CepiStiPeS.......cccvevviieiiierieeiiese e, 30
Figure 11. Isolates extracted from the same mycelium fan of point 145............c.ccceeee. 31

Figure 12. Rhizomorphs of sample 139 in different time. This isolate was plated on
October 19th, 2018; Pictures A), B), C) were taken on October 30th, 2018;
November 5th, 2018 and March 1th, 2019, respectively ..........cccocviiiiiiiiien, 31

Figure 13a. Pairing test results. The green marked sample 91, 102, 135 are Armillaria

gallica. The yellow marked samples are Armillariasp.. “ v ” means the mycelium
of two opposing isolates fused with each other (compatible reaction), “ X ” means
two isolates have an obvious gap between each other (incompatible reaction). A.g
represents A. gallica. A.S repreSents A. SP...o.eoiiiriiiiiieee e 32
Figure 13b. Compatible and incompatible somatic pairing results. A) and B) show the front
side and backside of paired isolates 164 and 139 after 40 days of plating, arrows
point out the gap between isolates; C) and D) show the front and backside of paired
isolates 166 and 173 after 41days of plating, no gap exists between; E), F) shows a
zone of inhibition between two opposing isolates 123 and 164 after 16 days



List of Tables

Table 1. Geographic distribution of currently known Armillaria species in the world
(Heinzelmann et al., 2018) ......c.ccuiiieiiiiiiieie e 11

Table 2. Characteristics of the five Armillaria species present in Europe (Williams et al.,
1986; Shaw and Kile, 1991; Wahlstrdm, 1992; Guillaumin et al., 1993; Burdsall & Volk,
1993; Guillaumin et al., 1993; Burdsall & Volk, 1993; Kwasna, 2008; Lushaj et al., 2010;

Baumgartner et al., 2011; Heinzelmann et al., 2017) .....ccccccvviviinieiieiiee e 12
Table 3. Differences between Dalby Salerskog and Norreskog (Source: J&g Brunet) 17
Table 4. Sample collection from different substrate materials ............cccooevveveiiieniiiinnnn, 17
Table 5. Origin of the collected Armillaria Samples..........cccccevieieeiiiic i, 21
Table 6. The sequence data amount and itS FESOUICES .........ccecveieerieiieeieere e seese e 23

Table 7. The putative identification of Armillaria species based on DNA sequence data 23

Table 8. Numbers of unidentified isolates and their percentage...........cccoovvvivriiniviienennn, 26
Table 9. Detailed reasons for unidentified isolates from PCR products.............ccccceevenen. 26
Table 10. Substrate preference of identified Armillaria Species..........ccccoeveeveiieiiiinennn, 28



1. Introduction

1.1 The genus Armillaria

Armillaria, also called the honey fungus, is a genus in the phylum Basidiomycota. The
genus is considered to be one of the world’s oldest and largest living organisms (Sipos et al.,
2018; Smith et al., 1992). As saprophytes, Armillaria species play an essential role in the
carbon cycle in ecosystems. Some Armillaria species are also significant root and butt rot
pathogens of woody plants worldwide causing mortality and yield reduction in forests
(Cleary et al., 2013).

After the first record about Armillaria during 1729 to 1755 (Yen & Francisco, 1990),
the nomenclature and taxonomy of Armillaria has been confusing over centuries. The
original name was created for the genus in the 1700s by the scientist Martin Vahl, in his
work ‘Flora Danica’. In 1857, Staude raised the Armillaria tribe into a generic rank (Yen &
Francisco, 1990). The genus was mixed with several other species and genera in the history
(Burdsall & Volk, 1993; Yen & Francisco, 1990). Finally three species concepts were used
to describe the genus, based on morphological, biological and phylogenetic recognition, but
drawbacks exist in all of them (Heinzelmann et al., 2018).

The genus Armillaria has high identifiability according to its specific characteristics.
Three distinguishing features for Armillaria are: mycelial fans, rhizomorphs, and fruiting
bodies (Figure 1). Mycelial fans are white mats of fungal mycelium produced between the
bark and wood, commonly having a fan-shaped appearance. Rhizomorphs are unique
characteristics for this genus (Koch et al., 2017), appearing root-like with fungal strands of
mycelium surrounded by a melanized rind. The morphology of rhizomorphs varies
depending on the species and their substrates. Different species in the northern hemisphere
have dichotomously or monopodial branched patterns of their rhizomorphs inside the soil
(Figure 2). Monopodial branched rhizomorphs are more often associated with saprotrophs.
In the northern hemisphere, A. mellea, A. borealis, and A. ostoyae have branched
rhizomorphs dichotomously, while A. gallica, and A. cepistipes have monopodial branched
rhizomorphs (Morrison, 2004). Rhizomorphs grow on the root, under the bark or in the soil.
They can be small, fragile, or robust and abundant, depending on the species. Fruiting bodies

usually develop in clusters near the base of infected trees during autumn.



The stalks have honey-yellow caps with light-colored gills and the spores produced are light

yellow to white in color.
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Figure 1. Myelium fans, rhizomorhs an
of A. ostoyae under bark (Sipos et al., 2018). B) Rhizomorphs of A. gallica under the bark
(Photo by Wenzi). C) Fruiting bodies of A. mellea in field (http://wikipedia.moesalih.com/Fi
le:Armillaria_mellea_041 031w.jpg). D) Rhizomorphs of A. gallica growing in soil (Photo
by Wenzi).
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(c) (d)

Figure 2. Rhizomorph branching patterns in the northern hemisphere (edit from Morrison,
2004). a) Monopodial branching pattern of A. gallica, b) monopodial branching pattern of
A. nabsnona, c¢) dichotomous branching pattern of A. ostoyae, d) dichotomous branching

pattern of A. borealis. Arrows indicate the start point of rhizomorph growth.

1.2 Armillaria species in Sweden

The genus Armillaria has a broad distribution in both hemispheres (Table 1). Over 70
Armillaria species are recorded all over the world. Approximately 40 of them are well-
described in a way, that the morphology can identify biological species and phylogenetic
species (Heinzelmann et al., 2018). These 40 Armillaria species are mainly from surveys in
America, Europe, Africa, Australia, New Zealand, China, and Japan (Baumgartner et al.,
2011). According to Coetzee (Coetzee et al., 2001), the few Armillaria species that exist
globally were probably introduced by human beings accidently when transporting infected
plant resources. Five Armillaria species exist in Europe currently, they are A. borealis, A.
cepistipes, A. gallica, A. mellea, A. ostoyae (Heinzelmann et al., 2018). Based on recent
research, Armillaria has been divided into two genera now: Desarmillaria, without
annulated fruiting bodies and Armillaria s. str. with annulated fruiting bodies (Koch et al.,
2017). The genus Desarmillaria contains two species, D. tabescens and D. ectypa.

According to Wahlstrém (1992), all European Armillaria species exist in Sweden.
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Table 1. Geographic distribution of currently known Armillaria species in the world

(Heinzelmann et al., 2018).

Geographic

distribution Species

A. cepistipes, A. mellea, A nabsnona, A. ostoyae, A. sinapina, A.

North America gallica, A. altimontana *, A. calvescens *, A. gemina *, A. mexicana *

A. limonea, A. novoe-zelandiae, A. affinis *, A. griseomellea *, A.

Central and melleo-rubens *, A. paulensis *, A. procera *, A. sparrei *, A. tigrensis
South America | *, A. montagnei *, A. umbrinobrunnea *, A. viridiflava *, A.yungensis
*, A. puiggarii *

Europe A. borealis, A. cepistipes, A. gallica, A. mellea, A. ostoyae

Africa A. gallica § A. mellea § A. camerunensis *, A. fuscipes *, A. heimii *,
A. pelliculata *

A. borealis, A. cepistipes, A fuscipes § A. gallica, A. mellea, A.
Asia nabsnona, A. ostoyae, A. sinapina, A. duplicata *, A. jezoensis *, A.
mellea ssp. nipponica *, A. omnituens *, A.singula*

Australia & A. limonea, A. novae-zelandiae, A. aotearoa *, A. fellea *, A. fumosa *,
Oceania A. hinnulea *, A. luteobubalina *, A. pallidula *, Nag.E*

* the species is reported only in some geographic area
8the species speculated to be introduced to some geographic area
# A biological species, need further exploration and description.

Tree disease results from the interactions of the host (susceptibility), the pathogen
(virulence) and the environment. Armillaria species have a wide range of hosts and can infect
most woody species causing losses in crops, vineyards, urban settings, forests (Prospero et
al., 2004; Morrison et al., 2000), and the pathogenicity and rhizomorph productivity also
varies among species (Table 2). The five European Armillaria species vary in pathogenicity,

rhizomorph production and host preference.

A. ostoyae and A. mellea are highly pathogenic, they both act as a primary parasite. A.
ostoyae is efficient in stump colonization, it can damage young stands and kill them,
especially in the northern hemisphere. Rhizomorphs produced by A. ostoyae are abundant,
while they are thinner and more brittle than those of A. gallica and A. cepistipes. Conifers
are the main host for A. ostoyae. Hardwoods could also be a host and records of this appear
to be more frequent in North America than in Europe (Williams et al., 1986; Shaw and Kile,
1991; Wahlstrdn, 1992; Guillaumin et al., 1993; Burdsall & Volk, 1993)

A. mellea is an important hardwood pathogen. It could also weaken young conifers in
southerly latitudes, but the reports are less frequent in Europe, Asia and North America.

Rhizomorphs produced by A. mellea are rare. (Guillaumin et al., 1993)
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Table 2. Characteristics of the five Armillaria species present in Europe (Williams et al.,
1986; Shaw and Kile, 1991; Wahlstrén, 1992; Guillaumin et al., 1993; Burdsall & Volk,

1993; Guillaumin et al., 1993; Burdsall & Volk, 1993; Kwasna, 2008; Lushaj et al., 2010;

Baumgartner et al., 2011; Heinzelmann et al., 2017).

Species Pathogenicity Rhizomorph Main Host range
A. ostoyae Prlmar'y parasite; Abundant but brittle Conifers
Aggressive pathogen
Primary parasite; A
A. mellea Aggressive pathogen Rare in soil Broadleaves
A. borealis Depends Better than A. ostoyae | Conifers & broadleaves
. Secondary parasite;
A. gallica Weak pathogen Abundant Broadleaves
- Secondary parasite; .

A. cepistipes Weak pathogen Abundant Conifers

A. borealis is a parasite on both conifers and broadleaves, but its pathogenicity varies.
(Guillaumin et al., 1993). A. borealis produces rhizomorphs faster and more consistent than
A. ostoyae (Guillaumin et al., 1993; Heinzelmann et al., 2017; Lushaj et al., 2010)

A. gallica and A. cepistipes are both secondary parasites and have weaker pathogenicity
than A. ostoyae and A. mellea. A. gallica can weaken trees and usually co-occurring with
more virulent Armillaria species. A. gallica produces abundant rhizomorphs that can be
found under the bark of standing or down trees, and throughout the soil. Broadleaves are the
main host for A. gallica (Guillaumin et al., 1993; Burdsall & Volk, 1993; Lushaj et al., 2010;
Baumgartner et al., 2011)

Pathogenicity of A. cepistipes is weaker than that of A. gallica (Guillaumin et al., 1993).
The species is efficient commonly found co-occurring with A. ostoyae. (Guillaumin et al.,
1993; Kwasna, 2008)

1.3 Armillaria root rot disease

In general, it is difficult to diagnose damage by Armillaria root rot disease because
symptoms and signs are inconspicuous. Early infection by Armillaria induces almost no
symptoms on the trees until the root systems are extensively colonized. When infection
becomes more severe, the tree crowns show chlorosis and can exhibit dieback. Smaller trees
are generally more susceptible to being killed by Armillaria compared to older trees. On
conifers, resin may be produced around the base of infected trees. Infected roots can be
encrusted with resin, soil, and/or rhizomorphs. Conversely, infected broadleaved trees may
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appear as sunken cankers at the tree base, covered with loose, necrotic bark. Mycelial fans
and rhizomorphs under the bark of diseased trees is somewhat diagnostic to Armillaria
infections.

Infection by Armillaria species includes first a parasitic phase and secondly a
saprophytic phase (Soularue et al., 2017). In the parasitic phase, Armillaria will penetrate
the bark and colonize the cambium when the roots are still alive which disrupts the flow of
nutrients in the tree. In the saprophytic phase, Armillaria survives on dead roots. All
Armillaria species have a saprotrophic ability, but not all of them are strong parasites
(Heinzelmann et al. 2018). Armillaria root rot disease spreads mainly in two ways between
hosts; spreading by root contact between healthy and infected trees or via rhizomorphs that
grow through the soil, attach onto a healthy root, penetrate and cause infection (Figure 3)
(Heinzelmann et al., 2018).

Biotic or abiotic factors can increase possibility of trees infection by Armillaria. For
example, A. gallica infects mostly the root system of dying trees. The potential for trees to
be infected by Armillaria increases when they are weakened by some other stress factor.
(Kile et al. 1991).

Figure 3. Spread of Armillaria root rot disease (edit from Heinzelmann et al., 2018). A) Two

methods to infect healthy trees by contacting Armillaria infected roots and contacted by

rhizomorphs; B) Mycelium of Armillaria spreads into healthy trees.

After a tree dies, the whole stump and root system can be colonized by Armillaria (Shaw
and Kile, 1991) and the fungus survives for several years (decades) depending on the size of
the woody substrate. There are many factors, which are influencing the infection process
(Guillaumin and Lung 1985), including availability of susceptible trees, and forest
management activities like thinning and harvesting which create woody substrate upon
which the fungus survives (Morrison, 1972; Rishbeth, 1972b), but also climate (Labbéet al.,
2015).
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1.4 ldentification of Armillaria species

In order to determine the potential impact that Armillaria may have in a forest, reliable
species identification is important. Over the past centuries, morphological, biological, and
molecular techniques have been used to describe species. lIdentification based on the
morphology of fruiting bodies was used in early studies. However, morphological techniques
are ambiguous because fruiting bodies and rhizomorphs of different Armillaria species can
be morphologically similar (Shaw and Kile, 1991).

Another possibility for species identification involves ‘pairing tests’ to characterize the
species’ compatibility when paired together on nutrient agar. When two samples are
somatically incompatible, a dense line develops in the media when the two opposing colonies
meet. These two colonies are considered to be different Armillaria species or genetically
distinct isolates from the same species. In contrast, if the pairing of isolates resulting in fusing
of mycelia to become a homogenous colony, they could be considered the genet (Figure 4).

Despite the simplicity of conducting paired-compatibility tests, there are several factors
that can influence the interpretations of the interactions; for example, different mycelia
shapes, the age of the isolates, and other environmental factors (e.g. temperature and
moisture) (Singleton 1992).

Figure 4. Result of pairing test in culture. A) Incompatible reaction of two isolates showing
an obvious inhibition zone between two opposing colonies (photo by Wenzi). B) Compatible
reaction of two paired isolates whose hyphae have fused to produce a uniform mycelium
colony (Baumgartner et al., 2011).
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The third technique for species identification is based on sequencing the fungal DNA
(Anderson & Stasovski, 2015). Advanced molecular techniques have greatly improved the
ability to accurately detect and identify different species and genotypes of Armillaria.
Genetic markers are used to improve the specificity (Tsykun, Rigling, & Prospero, 2013). To
distinguish six common Armillaria species in Europe (including one species from
Desarmillaria), a procedure involving three PCR steps including IGS, ITS and EF-1a, and

five enzymes (Nde I, Alu I, Bsm I, Mbo I, Hinc II) are required (Tsykun et al., 2013).

1.5 Aims

The overall aim of this study is to describe the distribution and diversity of Armillaria
species in mixed broadleaved forests located at Dalby Scilerskog and Norreskog in order to
better understand the ecological role and potential impact in the future considering that many
broadleaved tree species are under stress because of other factors (ash decline, Dutch elm

disease, Phytophthora spp.).
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2. Materials and Methods

2.1 Study site

Dalby Sdderskog and Norreskog are located in Skane, Southern Sweden, 10 km east of
Lund (55941'N, 13<20°E, 44-74ma.s.l.). Dalby Sclerskog has a size of 37 ha and is protected
as a national park since 1918. Prior to protection, it had been a wooded pasture for many
centuries. The intensity of grazing and the density of trees have differed considerably over
time. Periods of selective cutting were followed by overgrowth, and periods of heavy grazing
were followed by abandonment. In the last century, there has been no grazing and continuous
overgrowth (personal communication from J&g Brunet). Even after the forest was protected,
there has been some minor cuttings until the late 1900s. During the 1990s there were cuttings
of diseased elm (Ulmus glabra) and after that only dangerous trees along the walking paths
were cut. There has also been clearing of the shrub layer at the entrance and along an ancient
earth wall located in the forest. Oak (Quercus robur), ash (Fraxinus excelsior) and elm
(Ulmus glabra) were dominant at the beginning of the 20" century, while elm and ash became
the dominant species at the end of the century (von Oheimb & Brunet, 2007). The main
diameter of trees in the area increased remarkably in this period (von Oheimb & Brunet 2007;
personal communication from J&g Brunet). After 20" century, invasive pathogens replaced
the grazing as the main disturbance factors and are playing a role in shaping the forest
dynamics. In particular, Dutch elm disease and ash dieback are severely affecting the
survival of these of elm and ash, respectively, in the area (Brunet et al., 2014).

Dalby Norreskog is located ca 500 m NE of Dalby Sd&lerskog, with a semi-natural
pasture in between the two forests. These three parts together form the historical pasture area
Dalby hage. Dalby Norreskog has a size of ca 20 ha and is located on less fertile soil than
Dalby Sdlderskog. Livestock grazing persisted until 1932. In 1979, Norreskog was protected
as a nature reserve. Since about 2005, livestock grazing was reintroduced in the western part
of Dalby Norreskog. From the history, we can find many differences between S&ierskog and
Norreskog (Table 3).
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Table 3. Differences between Dalby S&lerskog and Norreskog (Source: J&g Brunet).

Sdaderskog Norreskog

Some stands are planted, e.g.,
sycamore, some of the oaks and the
beech stand

All  trees originate from

Resources -
natural regeneration

Small cutting at the main
Thinning entrance and along the
prehistoric wall

Better, longer-term continuity | Lost most tree cover during the

Heavily thinned around 2008 for
removing sycamore

Clear Felling

forest 1600s and 1700s
Oak dead suddenly in the late 1980s,
No oak dead suddenly early 1990s
Big event S Continued grazing in Norreskog
Grazing in Salerskog was . _ .
stopped in the late 1800s until 1935; resumed around 2005 in
the western part
2.2 Sampling

Rhizomorphs and mycelium samples were collected from different substrate materials
in Dalby Sdilerskog and Norreskog (Table 4). Deadwood was debarked to collect
rhizomorphs underneath. At places where no woody material was found, rhizomorphs were
collected (Figure 5) from the soil. The location of each sampling point was recorded by GPS
(Garmin eTrex Legend® Cx).

Table 4. Sample collection from different substrate materials.

Stump | Log Dead standing tree Soil
Rhizomorph * * * *
Mycelium * * *

* Sample should be collected from this material

17



Figure 5. Sample collection procedures: A) Map of Dalby S&lerskog and Norreskog, white
line indicates the approximate trial followed for collecting samples; B) An Armillaria
rhizomorph colonized stump with loose bark; C) Debarked tree shows rhizomorphs; D)
Digging soil to find the rhizomorphs; E) Collection of rhizomorphs from soil; F) Storing

rhizomorphs in bags and marking collection positions by GPS.

2.3 Species identifying procedures through DNA techniques

Isolation

In the lab, rhizomorphs were washed under running tap water and dried with paper
towels. The washed samples were surface sterilized in 70% EtOH for one minute, 4% NaCl
for five minutes, and again one minute in 70% EtOH. Afterwards, the samples were placed
on the paper towel for drying. Four 1-2 mm sections of a rhizomorph were cut and plated on
2% malt extract agar (MEA) amended with 0.01% streptomycin, replicated five times for
each strain.

Mycelium fans were sterilized with 70% EtOH for one minute, 4% NaCl for two minutes,
and again one minute in 70% EtOH. The surface sterilized mycelium fans were then cut to
4 mm?and plated on the media; five replicates were made for each point.

According to their infection strategy, different Armillaria species can colonize on the
same substrate material (Guillaumin et al., 1993). This means that a sample collected at a

certain GPS point could in theory include several species. Based on this fact, randomly 2 to
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3 rhizomorphs are collected at the same GPS point and cultured separately on MEA plates.
Petri-dishes were sealed with Parafilm® and incubated in the dark at room temperature for
over two weeks. Outgrowth of Armillaria mycelia were then transferred onto 2% MEA
media to obtain isolates growing in pure culture (Figure 6).

To prepare the media for DNA extraction, liquid media was prepared with the 2% malt
extract in 50 mL falcon tubes. 1 cm cut pieces of rhizomorphs growing from the pure culture
described above were transferred to liquid media, placed on an orbital shaker for 2-3 weeks

until the mycelial ball formed.

DNA extraction

DNA was extracted from either mycelium prepared on liquid media, rhizomorphs
growing in pure culture, or directly from fresh rhizomorphs obtained from the field. Samples
were transferred into Eppendorf tubes and put into the freeze drier for 2 days, then freeze-
dried samples were grounded to powder and a sub-sample of the ground tissue was
transferred to a new marked Eppendorf tube. DNA was extracted using thermos scientific
Genomic DNA Purification Kit according to the manufacturer’s protocol. DNA
concentration was then measured using the Nanodrop ND-1000 Spectrophotometer (U.S.A).

DNA samples were then stored at -20°C.

PCR and DNA sequencing

Polymerase chain reaction (PCR) is a technique used to make large amounts of copies
of a specific segment of DNA with the help of primers (short single stranded DNA fragment
that flank the target region. In this experiment, ITS region and EF-1a region of the DNA
were amplified according to protocols (White et al. 1990, Maphosa et al., 2006). Primers
ITS1 and ITS4, EF595F and EF1160R were used. EF595F/EF1160R primers were used after
ITS1/ITS4 primers to separate A. gallica and A. cepistipes, whose results were ambiguous
with ITS region. For each reaction, the PCR master mix included 1.6 pL of forward primer
(ITS1/EF1160), 1.6 uL reverse primer (ITS4/EF595F), 10.5 pL of Milli Q water, 5.28 uL of
dream Taq master mix, and 1 pL template DNA, vortexed them well before using. Positive
and negative controls were included in each PCR run, Phytophthora was used as positive
control to test if the PCR program worked, nuclease-free water was used for negative control
to test if there is any PCR product contamination in the master mix. A PCR thermocycler
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was used for ITS region with the program including an initial denaturation at 95<C for 2 min,
followed by 35 cycles of denaturation at 95<C for 30 s, annealing at 58 <C for 30 s, and
extension at 72<C for 2 min, and final extension of 72<C for 30 min (Tsykun et al., 2012).
For EF-1a region, the PCR program was 1 cycle of 94<C for 2 min, followed by 33 cycles
0of 94<C for 30 s, 55<C for 30 s, and 72<C for 2 min, and 1 cycle of 72<C for 30 min (Tsykun
et al., 2012). Separate amplified PCR products were visualized in 1.2% agarose gel under
UV light PCR products that showed bands were then purified and the concentration of each
PCR product measured using the Qubit 3.0 Fluorometer. DNAsamples which were showed
bands in electrophoresis or can be detected under Qubit 3.0 Fluorometer were then sent to
KIGene-genetic analyses for sequencing. DNA sequences visualized on ABI chromatograms
were manually aligned using the software BioEdit and then the aligned sequence was queried

in NCBI (National Center for Biotechnology Information, http://www.ncbi.nlm.nih.gov/)

gene bank against a reference sequence database. Species were identified based on similarity
match > 98.5% compared to the reference database.

Incubate 2w

Field sample

Samples’ DNA

Liquid culture

7 DNA Extraction

DMA concentrafion test

by Manodrop FCR

ITS1ATS4; EF1160R/EF595 F
as primers

h 4

[ Amplified restricted fragment nbosomal DNA

?_
Prepare gel Elecirophoresis
h 4

[ Visualisation of samples by bands

Samples purification

Concenfration test Sequencing
¥ Company test

[ Sequence dafa ] ~

v Manually editing data by BioEdit

[ Edited Sequence ] - Result

Blast in NCEI
h

[ Species ldentified ] J

Figure 6. Work trial for Armillaria identification through DNA techniques.
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2.4 Pairing test

Pairing tests, which could also be called as somatic incompatibility test is used to identify
genets. Nine isolates were selected for this test representing both Sclerskog and Norreskog;
three of them were identified as A. gallica and six of them were identified only as A. sp.
(species which could not be identified to the genus level) in the DNA analysis.

Rhizomorph tips of these picked samples were cut from pure cultures, transferred into
MEA, each of them were paired with the eight isolates. The distance between each isolate in
petri-dish was 5 mm, and then plates were incubated at room temperature for 40 days. If a
demarcation line showed between the opposing mycelium of the paired isolates, then these
two isolates could be identified as different genets, if the mycelium of the paired isolates

fused with each other, then they can be identified as the same genet ( Prospero, et al., 2003).

3. Results

3.1 Species identification

A total amount of 141 field samples were collected, both from mycelial fans and from
rhizomorphs (Table 5). Of those, 57 samples originated from Norreskog and 84 samples

from Sdailerskog.

Table 5. Origin of the collected Armillaria samples.

Substrate Mycelium fan Rhizomorph Total
Stump 1 16 17
Lying wood 1 28 29
Standing deadwood 1 40 41
Soil 0 54 54

Total 3 138 141

Among the 141 field samples, 83 were successfully isolated. By making replicates and

considering the species overlap which was mentioned in Section 2.3, a total of 289 isolates’
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were selected for DNA extraction. Of those, 125 samples had sufficient DNA concentration
(the concentration can be detected under the high sensitive range using the Qubit 3.0
flurometer) or showed bands in gel electrophoresis (Figure 7), and could be sent for Sanger
sequencing. Of the 125 samples, 33 were obtained directly from fresh rhizomorphs obtained
from field, 45 from rhizomorphs growing in pure cultures, 65 from mycelium ball growing
in liquid cultures; of which 80 from S&lerskog and 25 from Norreskog were used for further
analysis. Ninety-eight of them were amplified by primer ITS1, 41 of them were amplified
by primer EF-1a, 14 samples were amplified by both EF-1a and ITS1/4 primers (Table 6).
According to the sequence results, 40 (32%) out of 125 isolates from 30 sample points
(both in Salerskog and Norreskog) were identified as Armillaria gallica, e.g. isolate 111 from
sample point 85. Three (2.4%) isolates, which belong to three sample points (in S&lerskog),
were identified as A. cepistipes, e.g. isolate 3 from sample point 83. Thirty-five (28%) isolates,
belonging to 23 sample points (both in Salerskog and Norreskog), were identified as A. sp.,
e.g. isolate 161 from sample point 88. Thirty-eight (30.4%) isolates failed; and nine (7.2%)
isolates, which belong to six sample points were identified as other fungal species (both in
Scalerskog and Norreskog), e.g. isolate 163 from sample point 85 was identified as

Ascomycetes (Table 7).

Figure 7. An example of electrophoresis result of DNA samples. Samples 1, 6, 11, 16, 17,
18, 19, 20, 21, 22 showed bands in electrophoresis, while samples 1, 11, 17 had no band in

electrophoresis.
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Among all sample points, except points with one isolate, only isolates from points 87,
102, 119, 143, 144 can be confirmed as containing one species. All the rest of the points had
two or more species at each single sample point, like sample point 89 (at least A. gallica)

and point 101 (at least A. gallica and A. cepistipes).

Table 6. The sequence data amount and its resources.

Location Sdaderskog (south) Norreskog (north) Total
81 44 125
Sequenced region ITS1 EF-1 Total
98 41(14)" 125
Isolates’ Field Rhizomorph | Liquid Total
Substrate samples cultures cultures
33 45 65(17+1)? 125

1. 14 samples were amplified by both primers
2: Liquid cultures were repeated for 17 rhizomorph cultures and 1 field sample for higher
accuracy.

Table 7. The putative identification of Armillaria species based on DNA sequence data.

Sample Location Isolate Results Putative
ID ID ITS primer EF-1 primer Identification
83 south 3 A. sp. A. cepistipes A. cepistipes
85 south 4 no significant can't confirm
85 south 111 A. sp. A gallica} A. gallica

163 Ascomycetes Accession: MH857936.1
49 A. gallica A. gallica A. gallica
87 south 101 A. gallica. A. gallica
144 A. gallica A. gallica
5 no significant can't confirm
88 south 161 A. sp. no significant A. sp.
1 no significant can't confirm
2 A. sp. A. gallica A. gallica
89 south 74 A. sp. A. sp.
148 A. sp. A. sp.
90 south 48 A. sp. A. gallica A. gallica
6 A. gallica empty A. gallica
o south 85 A. sp. A. sp.
38 no significant can't confirm
92 south 39 Ascomycetes Accession: MH857936.1
147 Ascomycetes Accession: MH857936.1
97 south 174 A. gallica A. gallica
98 south 10 A. gallica A. gallica
99 south 11 no significant can't confirm
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12 A. sp. A. gallica A. gallica
86 no significant can't confirm
100 south 8 A. sp. A. sp.
100 south 104 A. sp. A. cepistipes A. cepistipes
9 A. cepistipes A. cepistipes
101 south 109 A. gallica A. gallica
130 no significant A. gallica A. gallica
15 A. gallica A. gallica
102 south 112 A. sp. A. gallica A. gallica
14 no significant can't confirm
80 no significant can't confirm
103 south 102 can't confirm can't confirm
129 can't confirm can't confirm
164 A. sp. A. gallica A. gallica
13 A. sp. empty A. sp.
106 south 84 A. sp. 130 bp A. sp.
107 south 134 A. gallica A. gallica A. gallica
23 A. gallica A. gallica
108 south 105 no significant can't confirm
146 A. sp. A. gallica A. gallica
110 south 24 empty can't confirm
112 south 30 A. gallica A. gallica
22 A. sp. A. sp.
113 south 165 A. sp. empty A. sp.
166 A. sp. A. gallica A. gallica
95 no significant can't confirm
114 south 121 can't open can't confirm
170 A. gallica A. gallica
25 A. sp. A. gallica A. gallica
87 no significant can't confirm
116 south 131 A. sp. A. sp.
162 A. sp. empty A. sp.
18 A. gallica A. gallica
119 south 167 A. gallica A. gallica
40 A. sp. empty A. sp.
122 south 145 A. gallica empty A. gallica
21 A. sp. A. sp.
123 south 127 A. sp. empty A. sp.
128 south 76 A. gallica no significant A. gallica
129 south 43 A. sp. A. gallica A. gallica
20 no significant can't confirm
130 south 13 no significant can't confirm
135 empty can't confirm
134 south 50 A. sp. A. gallica A. gallica
135 south 19 A. sp. A. sp.
135 south 126 A. gallica A. gallica
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136 A. gallica A. gallica
27 A. sp. empty A. sp.
139 north 79 A. sp. A. sp.
106 A. sp. A. sp.
140 north 103 A. sp. A. gallica A. gallica
142 north 28 no s!gn!f!cant canlt conf!rm
29 no significant can't confirm
143 south 125 Ascomycetes Accession: KC876225.1
128 Ascomycetes Accession: KC876225.1
144 south 113 Ascomycetes Accession: KC876225.1
124 Ascomycetes Accession: KC876225.1
116 no significant can't confirm
145 | north =59 A. sp. A. sp.
77 no significant can't confirm
149 north 132 A. sp. A. sp.
143 A. sp. A. sp.
150 north 181 A. gallica A. gallica
151 north 41 A. sp. A. sp.
152 north 46 no s!gn!f!cant canlt conf!rm
75 no significant can't confirm
107 A. sp. empty A. sp.
153 north 108 Ascomycetes Accession: KC876225.1
16 no significant can't confirm
156 north 133 no significant can't confirm
47 A. gallica A. gallica A. gallica
157 north 81 A. gallica A. gallica
88 A. sp. A. sp.
31 no significant can't confirm
158 south 32 Ascomycetes Accession: KY853448.1
89 A. sp. no significant A. sp.
114 no significant can't confirm
160 south 157 A. gallica A. gallica
142 A. sp. A. sp.
161 | south 775 A. sp. A. sp.
163 north 117 can't open can't confirm
163 north 169 A. gallica A. gallica
152 A. sp. A. sp.
164 north 171 no significant can't confirm
165 north 99 no significant can't confirm
90 can't open can't confirm
166 north 94 A. sp. A. sp.
91 no significant can't confirm
167 north 118 can't open can't confirm
140 A. sp. A. sp.
93 no significant can't confirm
168 | north =75 A. sp. A. sp.
169 north 120 A. sp. A. sp.
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123 A. sp. A. sp.
171 north 97 no S|gn|f|cant canlt conf!rm

98 can't open can't confirm
172 north 115 no significant can't confirm
172 north 173 A. gallica A. gallica
173 north 96 A. sp. A. sp.

154 A. sp. A. sp.
1ra north 159 A. sp. A. sp.
190 north 217 A. gallica A. gallica
195 north 179 A. gallica A. gallica

Among all the unidentified samples, 14 of them were amplified by both ITS and EF-1a

primers, 12 of them had no sequence or too short queries which was unable to be identified,

and one of them had no significant similarity in Gene bank. Most (74%) of isolates amplified

by ITS1 primer could not be identified because of poor sequence result. 7% of the

unidentified isolates had no DNA sequence match in Gene Bank (Table 8, Table 9).

Table 8. Numbers of unidentified isolates and their percentage.

Sequence Reference | Method
Reasons No Tooshort| Low NSNSI Multiple Total
sequence | query ident results
Number 6 15 33 5 14 73
8.2 20.5 45.2 6.8 19.2
0,
o 73.9 6.8 19.2 100
NSNSI: Nice sequence but no similarity ident in Gene Bank;
Table 9. Detailed reasons for unidentified isolates from PCR products.
Is?lgte Results | Reasons Is?lélte Results Reasons
78%;
93 161 BSEP
16 74 83%
20 NSNS 7148 82%
29 13 - ident 98%; NSEP
4 NSSF | 255 bps 131 A.sp. | than 89%
1 210 bps 152 (by 98%
11 442 bps 88 ITS1) 89%
75%;
86 147 bps 89 NSSF by EF-1a
105 388 bps 162 90%; NSEP
95 240 bps 21 95%
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87 246 bps 127 98%; NSEP
130 bps;
13 NSEP 19 97%
116 459 bps 96 78%
114 421 bps 154 7%
99 124 bps 159 76%
91 404 bps 27 94%;NSEP
97 219 bps 79 94%
115 460 bps 41 97%
170 bps;

135 NSEP 138 78%
38 106 A. gallica and A. cepistipes

A. gallica, A. cepistipes and
5 132 g N Sp'? P

A. ostoyae, A. cepistipes, and
14 84 A.)/gallica; IoBSFI)EP

A. sp., A. cepistipes and A.

80 165 Over P gallicg; NgEP
77 Iov(\)/er_than 40 99% A ostoyae, A. gallica; NSEP
46 ?bz /‘;_Ilg‘;m 143 ":e”t A. cepistipes and A. sp.
75 y 107 g A.sp. and A. gallica; NSEP
133 can't 142 I'I('S{) A. gallica and A. cepistipes
31 confirm 158 A. gallica and A. cepistipes
171 140 A. gallica and A. cepistipes
129 172 A. gallica and A. cepistipes
102 8 A. gallica and A. cepistipes
94 22 A. gallica and A. cepistipes
24 123 A. gallica and A. cepistipes
121 no NSSF: No significant similarity found;
90 sequence; | NSNSI: Nice sequence but no similarity ident in
117 NSEP in | gene bank; bps: Base pairs
118 24 NSEP: No sequence by EF-1a primer
98 BSEP: Bad sequence by EF-1a primer

3.2 Species distribution

A. cepistipes was found only in Sdlderskog, at the entrance of the park, along the trails
or at the borders. A. gallica was broadly distributed in both S&lerskog and Norreskog. Other
unidentified Armillaria species were rare and only present at the border or entrance of the
park. Overlap occurred among the different species identified (Figure 8). In general, Dalby

Norreskog has less Armillaria species diversity than Salerskog.
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3.3 Substrate materials

In all 36 identified Armillaria samples, half of them were collected from standing dead
wood, 25% of them from logs, and 8% from on stumps. Totally, 83% were derived from

woody materials and 17% were derived from soil (Table 10).

Table 10. Substrates of identified Armillaria species.

A. gallica A. cepistipes A. sp.
Substrate deerg Norre Stijerp N%rre Sdler pNorre Total %
Stump 3 0 0 0 0 0 3 8.3
Log 3 0 1 0 1 4 9 25.0
Standin
Sead treg 6 2 1 0 4 5 18 | 500
Soil 0 3 1 0 2 0 6 16.7
Total 36 100

Sdaler: Sdlerskog; Norre: Norreskog
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Figure 8. Armillaria species distribution in Dalby Sd&lerskog and Norreskog. Only the

identified isolates are shown on the map; All Armillaria species are marked by circle. The
yellow areas are occupied by Armillaria cepistipes, the red areas are occupied by Armillaria

gallica. The orange dot represents Armillaria sp.

3.4 Morphology of isolates

The morphology of A. gallica in culture varied (Figure 9). For example, samples 99a
(isolate 1D 12) and 140b (isolate ID 103) were both confirmed as A. gallica, but they showed

different branching patterns.
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Figure 9. Morphologies of Armillaria Qallica from different isolates. A), B) are the front
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and back sites of the isolate from point 99. C), D) are the front and the back sites of isolate
from point 140.

Only three isolates were identified as A. WV "l"f e

cepistipes; but only one pure culture was
obtained from these (Figure 10). This isolate
was extracted from a field sample at point 83
in Salerskog. According to the rhizomorphs in
pure cultures, it was hard to see significant
differences between A. gallica and A.
cepistipes.

There were also cases that the same isolate
from different cultures have different
morphology. For example, both cultures in
Figure 11 were extracted from the same Figure 10. Morphology of Armillaria cepistipes.

piece of mycelium fan at point 145, but they appeared different, where culture of A/B had
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larger mycelium spreading area. Even the same isolate in the same petri-dish had different

morphology during the growth process (Figure 12).

Figure 12. Rhizomorphs of sample 139 in different time. This isolate was plated on October
19th, 2018; Pictures A), B), C) were taken on October 30th, 2018; November 5th, 2018 and

March 1th, 2019, respectively.
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3.5 Pairing test

In this study, 36 pairs were made from isolates from nine different points in order to
identify the genotypes (genets), basing on the sexual behavior of Armillaria, three of them
were chosen from A. gallica, six of them were chosen as unidentified Armillaria sp. After
40 days, seven pairs showed compatible or incompatible outcomes, the other paired cultures
marked as “.” in Figure 13 had no obvious result. Two pairs (102-169 and 166-173) were
deemed to be compatible, because mycelium of the two opposing colonies fused; sample
102 was identified as A. gallica through molecular techniques, and isolate 169 could be
identified as A. gallica. Five pairs are incompatible, gaps formed between them. They
include: 102 (A. gallica), 166 (A. sp.), 166 (A. sp.), 169 (A. sp.), 102 (A. gallica), 173 (A.
sp.), 139 (A. sp.), 164 (A. sp.), 139 (A. sp.), 173 (A. sp.) (Fig. 14). Since 173 (A. sp.) and 166
(A. sp.) fused, they are assumed to be the same isolates. However, they did not fuse with 102

(known as A. gallica).

91
A.g
102
Ag
123
As
135
Ag
139
Ass
_ _ . < | 164
Ass
x . . . . 166
As
169
v | . . . x | L
173
x | . . x | . v | o

Figure 13a. Pairing test results. The green marked sample 91, 102, 135 are Armillaria
gallica. The yellow marked samples are Armillaria sp..“\”” means the mycelium of two
opposing isolates fused with each other (compatible reaction), “x” means two isolates have
an obvious gap between each other (incompatible reaction). A.g represents A. gallica. A.s

represents A. sp.
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Figure 13b. Compatible and incompatible somatic pairing results. A) and B) show the front
side and backside of paired isolates 164 and 139 after 40 days of plating, arrows point out
the gap between isolates; C) and D) show the front and backside of paired isolates 166 and
173 after 41days of plating, no gap exists between; E), F) shows a zone of inhibition between
two opposing isolates 123 and 164 after 16 days.
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4. Discussion

4.1 Identified Armillaria species and composition in study areas

In this study, A. gallica, A. cepistipes, and additional, but unidentified Armillaria sp.
were identified. According to current species diversity, A. gallica is dominating both
Sdalerskog and Norreskog. A. cepistipes is found in low abundance, and is very sporadic in
Sdalerskog. Thus, Sdlerskog has a more diverse species composition comparing to Dalby
Norreskog, however not all samples were analyzed, and several could only be identified to

a genus level, and several none at all.

4.2 Ecology of A. gallica and A. cepistipes in Dalby

According to previous studies (Baumgartner et al., 2011; Guillaumin et al., 1993;
Prospero et al., 2004; Kwasna, 2008), A. gallica and A. cepistipes behave similarly as
saprophytes colonizing dead tissue or as a weak pathogen taking advantage of dying trees.
Both species can coexist with other Armillaria species. For example, A. cepistipes was
recorded to coexist with A. ostoyae as a secondary parasite, which prefers conifers (Prospero
et al., 2004), while A. gallica is more frequently associated to broadleaves, and has been
recorded as a secondary parasite after A. mellea (Guillaumin et al., 1993)..

According to Baumgartner et al. (2011), A. gallica and A. cepistipes usually perform as
wood decomposer in forests. In this study, a large proportion (83%) of samples were
collected from woody materials which is important for carbon cycling. However, these
species could potentially take advantage of hosts under stress. A study from Lithuania
showed a high incidence of A. cepistipes infection ( up to 80%) on trees that are stressed
(Lygis et al., 2005). Weakened trees can commonly become more susceptible to attack by
other pests and pathogens (Shearer et al., 1993).

Stress factors like ash decline, Dutch elm disease and Phytophthora spp. may also
influence the development of Armillaria root rot in the study area over time, contributingto
premature death of those species affected and potentially altering the forest dynamics. In
Lithuania, Lygis et al. (2005) suggested that mortality of ash trees (later known to be affected
by ash dieback) were highly related to Armillaria, especially Armillaria cepistipes.
Hauptman (2016) also showed suggest similar results. Moreover, the Lithuanian study
showed that presence of A. cepistipes had a negative influence on natural regeneration of
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ash. In Denmark, a high incidence of A. gallica infection and mortality was found in ash
dieback-affected stands (Skovsgaard et al., 2010). Thus, it can be assumed that as more ash
trees become infected by Hymenoscyphus fraxineus, they will succumb to Armillaria in the
end, perhaps sooner than they would without the presence of Armillaria already on or

surrounding the root base.

4.3 The genet size and age

In this study, two genets were identified: A. gallica which was distributed in Norreskog
and Soderskog, the other genet located only in Norreskog. Based on rate of the fungus’
estimated mycelial growth, at between 0.3 and 1.6 m per year (Lygis et al., 2005), we may
be dealing with a single genet that is several hundred years old, but possibly even larger since
those tested isolates were only taken from the edge of Norreskog and Sdderskog. Both
vegetative spread and basidiospores play a role in the distribution of new disease loci
(Worrall, 2018).

4.4 Comparison on identification methods

In this study, two different methods, pairing test and molecular techniques were usedto
identify the species. Pairing tests can be done to help understand the population structure of
Armillaria sp.. However, it requires quite long and tedious work for maintaining cultures
and continuous examination and scoring of plates during a long period of time.
Contamination often happen during the plating and incubating of fungi and for this method
a testing strain (one with a known identificated) is required.

DNA techniques are the most reliable means for fungal species identification, but still
the procedure is not always clear-cut or robust. In particular, it was discovered that more
than one genomic region needs to be targeted in order to make the accurate identification,

but even then, many errors can occur at several stages in the DNA analysis pipeline.

5. Conclusion

According to this study, A. gallica and A. cepistipes were identified at Dalby S&derskog.
A. gallica and A. cepistipes play an important role as saprophytes, but may become
opportunistic pathogens given the large number of other biotic threats that are stressing elm,

ash and possibly other broadeleaved tree species. Over time, tree species composition will
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be influenced by the complexity of these interactions and Further investigation as to the
remaining unidentified Armillaria species and their long-term influence on forest dynamics

is warranted.
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