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Endophytes in changing environments - do
we need new concepts in forest

management?

Doris Krabel ", Kristin Morgenstern ", Sven Herzog ®

The occurrence of endophytic fungi, hosted by living tissues of forest trees
seems to be a common phenomenon. Numerous studies show that these colo-
nists are mostly symptomless or even live in a symbiotic relationship to the
host plant. Our investigations on Douglas-fir and Rhabdocline needlecast show
that Rhabdocline pseudotsugae (Sydow), which has been described exclusively
as an obligatory needle pathogen up to now, is able to persist symptomless in
different types of plant tissues and therefore an endophytic lifestyle has to be
assumed. Whether this lifestyle is part of the infection strategy of the fungus is
still unclear. However, examples of other wood associated fungi lead us to the
hypothesis that environmental such as climate conditions are able to trigger
the phenomenon of changing from a mutualist to a virulent parasite.
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Introduction

It has been well described by Stone (1987),
Carroll & Carroll (1978), McCutcheon et al.
(1993) and Sieber (2007) that for Douglas-
fir Rhabdocline parkeri (order Heliotiales,
Kirk et al. 2001) is the dominant needle en-
dophyte with strict host specificity. This
fungus infects single epidermal cells, which
die due to the infection. The microorganism
persists in the needle as a multicellular thal-
lus without any further growth. In contrast to
Rhabdocline parkeri, the closely related spe-
cies Rhabdocline pseudotsugae, Rhabdocli-
ne oblonga, Rhabdocline obovata, Rhabdo-
cline epiphylla and Rhabdocline weirii are
fungi which induce Rhabdocline needlecast,
one of the most economically important dis-
eases of Douglas-fir (Catal et al. 2010), be-
cause it can cause substantial losses in Chri-
stmas tree plantations (Chastagner 2001). In
1930 the pathogen of Rhabdocline needle-
cast was first described for Germany by v.
Geyr (1930). A detailed description of dis-
ease symptoms and life cycle can be found at
Van Vloten (1932), Stephan (1981) and
Butin (1996). Rhabdocline pseudotsugae
which is classified into the class of Ascomy-
cota is a highly specialized parasite whose
one-year life cycle is closely linked to the
seasonal growth cycle of Douglas-fir needles
(Van Vloten 1932). Small yellow-green
spots are the first indication of the disease.
They occur in autumn on this year’s needles.
During winter, the spots become necrotic
and brown. The characteristic orange-yellow
to rust-colored fruiting bodies mature in
May/June on the needle surface. High air hu-
midity promotes the process of ascospore re-
lease and infection of the young sprouting
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needles. Finally the needles become brown
and die (Stephan 1981, Butin 1996). A re-
peated infection causes a significant decrease
in growth or even the death of the infected
trees (Stephan 1981). Up to now it seems to
be clear that ascospores infect the sprouting
needles and afterward they directly penetrate
through the needle epidermis into the host
cells (Van Vloten 1932, Lyr 1958, Stephan
1980, 1981, Butin 1996). The current state
of knowledge on the morphology and life-
cycle of the fungus is mainly based on ma-
croscopic and microscopic investigations of
characteristic fungal fruiting bodies, spores
and needles showing symptoms of infection.
The present study is the first investigation
which verifies Rhabdocline pseudotsugae in
different type of plant material other than
needles. There are no previous investigations
which show that the fungus shows an endo-
phytic lifestyle. Our report is focused on the
transmittance of the pathogen beside the re-
gular distribution via ascospores, placed in
the context of the idea that Rhabdocline
pseudotsugae behaves in part as a latent pa-
thogen and that this way of life can become
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problematic under certain host-related stress
conditions.

Material and methods

Material and methods are following Mor-
genstern & Krabel (2013). In short: buds,
needles, cambial meristem as well as em-
bryos were sampled from a 20-year-old con-
trolled cross-breeding population. Around
94% of the trees showed clear symptoms of
infection by some type of pathogenic needle
cast. Additionally apparently healthy looking
trees from the Forest Botanical Garden Tha-
randt were used as a negative control (non-
infected). Needles with fruiting bodies of
Rhabdocline pseudotsugae were collected in
May 2011 serving as positive control. Em-
bryos were dissected from seeds which ori-
ginated from a controlled cross-breeding of
interior and coastal varieties of Douglas-fir.

Genomic DNA was isolated from all types
of plant tissues described above. For isola-
tion of genomic plant DNA an extraction
protocol, modified after Doyle & Doyle
(1987) was used (Morgenstern & Krabel
2013). For extraction of fungal DNA the
DNeasy Plant Mini Kit (Qiagen GmbH,
Hilden, Germany) was used. Based on stu-
dies by Catal (2002), a nested PCR protocol
was established for the detection of Rhabdo-

Tab. 1 - Screening of different type of plant material (varieties and tissue).

Material
(number of genotypes Variety
x sampling location)

Number of samples infected
with Rhabdocline pseudotsugae

3 x needles, cambium,
buds

viridis x glauca

1 x needles, cambium positive; buds negative
1 x needles and cambium positive, buds negative

1 x needles, cambium, buds positive

11 x needles viridis
4 x needles glauca
8 x embryo

15 x embryo

11 x negative

4 x negative

glauca x viridis 3 X positive, 5 x negative
viridis x glauca 5 x positive, 10 x negative
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cline pseudotsugae. Primers ITSIF, 1TS4,
RPP1 and RPP4 were used according to
Catal (2002). PCR conditions are described
in detail by Morgenstern & Krabel (2013).

For the examination of embryos the Phire
Plant Direct PCR Kit (Finnzymes, Part of
Thermo Fisher Scientific, Espoo, Finland)
was used. PCR was carried out with primer
pair ITS1F/ITS4 according to the instruc-
tions of the manufacturer in a total volume
of 20 pl.

Fragment analysis of PCR products was
carried out with the ALFexpress II sequencer
(Amersham Pharmacia Biotech Europe
GmbH, Freiburg, Germany) in a polyacry-
lamide gel (ReproGel High Resolution, GE
Healthcare Europe GmbH, Munich, Ger-
many).

Results and discussion

General aspects of an endophytic life-
style

Hawksworth et al. (1995) suggested that
before using the term endophyte one should
clearly define it. We will follow the defini-
tion of Saikkonen et al. (1998, 2004) which
defines endophythes as microorganisms
which live the entire or at least parts of their
life cycle asymptomatically inside plant tis-
sues or inside plant cells. This includes la-
tent pathogens as well as endophytic living
bacterias (Wilson 1995) and endophytic
fungi. Endophytic fungi have been found in
all woody plants which have been investiga-
ted for endophytes (Saikkonen et al. 1998).
A comprehensive overview of the actual
knowledge about this subject related to
forest trees is given by A. M. Pirttild and A.
C. Frank in the book “Endophytes of forest
trees” which has been published in 2011.
Other excellent reviews focusing on endo-
phytic fungi in woody plants are those e.g.,
from Carroll (1986, 1988), Petrini (1991),
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Schulz & Boyle (2005), Stone & Petrini
(1997) and Stone et al. (2004).

Although the endophyte-plant interactions
are products of evolutionary development
(Sieber 2007), the lifestyle (mutualism, com-
mensalism, parasitism) of a microorganism,
which is living inside a plant is not always
obvious and the question may rise for what
is such a relationship good for? A more or
less mutualistic relationship occurs in the
case the endophyte provides the host plant
with some ecological advantages. On the
other hand, some apathogenic endophytes
may become virulent (Brown et al. 1998,
Misaghi & Dondelinger 1990) under certain
environmental conditions or by mutation
(Freeman & Rodrigez 1994). In general, it is
suspected that the endophyte-plant interac-
tion is as prevalent as the mycorrhiza-plant
interaction, with advantages for both part-
ners (Carroll 1988, Sieber 2007). By the pro-
duction of specific metabolites and biologi-
cally active chemicals which strengthen the
plant, it reduces the level of herbivore dama-
ge, e.g., gall insects. A successful interaction
can also be characterized by an increased
resistance of the host against pathogens by
“controlling” these pathogens (e.g., white
pine blister rust in Pinus monticola - Ganley
et al. 2008). For the microorganisms the ad-
vantage may be the persistence in a host over
a longer period and the dispersal with the
next host generation up to the moment the
host’s living conditions change (Saikkonen
et al. 1998). Such changes of environmental
conditions mostly go in parallel with chan-
ges of the milieu inside the plant tissue
(when the plant is stressed, e.g., caused by
wounding or decreased vitality of the host
plant) and causes an adaptation reaction of
the endophytic microorganism (Saikkonen et
al. 1998). Examples are xylem fungi such as
Fomes fomentarius (Brasier & Strouts 1976)
and Nectria coccinea (Sieber 2007), which
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are known to adopt a non-pathogenic beha-
vior under limited oxygen ratio and/or nutri-
ent, while they may switch to parasitism
when the above conditions change (e.g., by
wounding - Oses et al. 2008). In this case the
host is latent infected by “non-active patho-
gens” until internal cell conditions change
and the endophyte becomes virulent. The la-
tent infection hypothesis is proposed by
Boddy & Rayner (1983). This hypothesis is
closely connected to the assumption that a
certain density of tissue colonization is re-
quired for changing into a pathogenic beha-
vior. Sieber (2007) reports that as soon as
colonization density of the endophyte rea-
ches a certain threshold the plant organ (e.g.,
needles) may die. This threshold can be rea-
ched very soon in case the living conditions
of the host become unfavorable, e.g., by a
lack of light in dense stands.

As stated by Sieber (2007), depending on
the selection pressure, it may also be the case
that a pathogenic endophyte may change into
non-pathogenic and back again.

Hints for an endophytic lifestyle of
Rhabdocline pseudotsugae and its con-
sequences

Our investigations on Rhabdocline needle-
cast clearly confirm that the Ascomycete
Rhabdocline pseudotsugae known as a pa-
thogen can be identified inside infected Dou-
glas-fir needle material as well as in different
types of plant tissues like buds, cambium
and embryos (Fig. 1). This result is surpri-
sing insofar as the fungus has been classified
exclusively as a needle parasite up to now.
As already Petrini et al. (1992) stated that far
too little is known about endophytes of woo-
dy plants to assume that they are all non-sys-
temic, our findings are not suited to explain
whether the fungal material is distributed
systemically via needles to cambial tissue,
buds and seeds’ embryos, or whether these

internal standard
450 bp

7825 bud

7825 cambium

. K 7825 needle
K embryo 1b
ﬂ s Rhabdocline pseudotsugae

A

e A

jL water

A

e il external standard

T T T T T T T T
250 260 270 280 290 300 310 320

T T T T T T T T T
330 340 350 3680 370 380 390 400 410

420 430 440 450 [bp]

Fig. 1 - Fragment analysis at the ALFexpress Il sequencer. Polyacrylamide gel shows Rhabdocline pseudotsugae specific bands (335bp) in
infected plant tissues as well as in the positive control (fruiting body of Rhabdocline pseudotsugae). The negative control is a water sample.
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tissues are locally infected but do not show
any symptoms of infection. To our opinion a
systemic transmittance seems to be more
probable than a non-systemic one, because
infection and symptoms of a disease of other
tissues than needle material by Rhabdocline
pseudotsugae has never been described be-
fore.

Nevertheless a vertically and maternally
distribution of fungal material via seeds can
imply an additional source of infection be-
side the ascospores which seems to infect
only needles. Latent infections of plant ma-
terial by pathogens have been recognized for
a long time (Gdumann 1951) and they may
become virulent under environmental stress
(Brown et al. 1998). For Douglas-fir such
stress situations are realized in dense stands
with reduced air circulation and high humi-
dity. This is the case even in young stands
around 10 years of age or in older stands
when crown contact starts to be intense. But
the question remains open whether the
fungus is really able to persist symptomless
in a young plant for more than one decade.
The ecological significance of such a stra-
tegy is obvious. The persistence in Douglas-
fir seeds and later on in the young plant
helps the pathogen to be transmitted over
larger distances and to colonize new areas
independently from its sexual reproduction.

Host specificity of Rhabdocline
pseudotsugae

It has been described that Rhabdocline
pseudotsugae prefers to infect Douglas-firs
belonging to the intermountain (glauca or
“blue”) variety and that genotypes belonging
to the coastal (viridis or “green”) variety are
less susceptible (Chastagner 2001). But
Chastagner (2001) also reports on the one
hand about observations that Rhabdocline
needlecast can cause extensive damage to
susceptible genotypes of the viridis variety,
and on the other hand that there is conside-
rable genetic variation in susceptibility to the
disease of glauca provenances. Our results
show that, among a total of 120 seeds from 6
German viridis provenances, 10 to 42% ge-
notypes per provenance show infection.

Based on the above results and those repor-
ted in Tab. 1, the equivalences viridis = resi-
stant and glauca = susceptible have to be re-
considered.

Previous studies reported that natural grass
populations are usually a mosaic of uninfec-
ted and infected plants (Saikkonen et al.
1998), which implies that the host genotype
is the crucial factor for susceptibility to the
pathogen. This might be also true for Rhab-
docline pseudotsugae and has to be tested in
further investigations.

Conclusions

Up to now most approaches for pathogen
characterization were based on visual detec-
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Endophytes in changing environments

Situation

host plantindependently fromits variety

Rhabdoclinepseudotsugae is a latent pathogen colonizing the entire

Fig. 2 - Current
situation, questions
and possible mana-

4

ging measures for
avoidance/reduction
of the infection by
Rhabdocline

Questions
endophyte:

= environmental factors?

outbreak ofthe disease?

endophyte?

Which factors may affect the interaction between hostand

= a new, more aggressive strain ofthe fungus?
= is a specific threshold of tissue colonization required for the

= which role does the genotype ofthehost plantplay?

= which role does the vitality of the host plant play?

= how do climatic changes influence the interaction?

= how other endophytic organisms do influence the interaction host-

pseudotsugae in
Douglas-fir.

4

= control of seed material before distribution
= control of plant material before distribution
= avoid high plant density within stands

= preference of mixed stands

Possible measures for avoidance/reduction of infection

tion in tissues of its typical structures (e.g.,
ascospores) using a microscope. Molecular
methods based on the detection of fungi
DNA in host tissues are a very sensitive
technique available since a few years.

Our findings raise the question whether
previous studies failed to detect the fungus
in other plant tissues (independently from
the host variety) due to a lack of methodolo-
gical sensitivity, or whether our findings are
due to a type of the fungus’ endophytic life-
style, and therefore a plant-parasite interac-
tion different from what is reported in pre-
vious investigations. In the latter case, we
have to ask whether Rhabdocline pseudotsu-
gae is only one example of a larger group of
organisms causing ‘“novel diseases” and
emerging due to climatic changes. The role
of environmental factors (like mild winter
temperatures, drought periods alternating
with high precipitation during the vegetation
period etc.) has not been investigated up to
now in this context. Several authors have
tried to explain the infection pathway and
history of the so called “novel” serious di-
seases, like ash dieback (Kowalski 2006),
bleeding cancer in Horse chestnut (4esculus
hippocastanum - Green et al. 2010) or
Cryptostroma corticale the sooty bark dis-
ease of sycamore (Acer pseudoplatanus -
Bevercombe & Rayner 1984). They hypo-
thesized that climatic changes might induce
stress reactions in the host plants which may
favor the spread of aggressive pathogens. On
the other hand, Chalara fraxinea, the fungus
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which seems to be responsible for the ash
dieback, is known as a saprophyte and not as
an aggressive parasite. Although the disease
is spreading very fast all over Europe, the in-
fection path is still unclear (Wulf & Schu-
macher 2005).

Nevertheless, the results reported in this
study raise new concerns on the possible
consequences of such a type of plant infec-
tion, and provide some suggestions to avoid
infection of Douglas-fir tissues with Rhab-
docline pseudotsugae (see Fig. 2).
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