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Preface

The meeting of IUFRO Working Party (WP) 7.02.02 “Foliage; Shoot
and, Stemv Diseases of Forvest Trees” was held in Egirdiv, Ispauwto
Turkey. Local ovganigers were Dr. H. Tugba Dogmus -Lehtijorvi ands
her colleagues from the Faculty of Forestry, Sileymoawn Demirvel
University. In the opening ceremony, vice rectory of the university,
Dr. Vecihi Kurdemiv and Dr. Melhunet Al Koyuwncw and also- deauwv of
the Forvestry Faculty, Dr. Muwsa Geng and the Coordinator of the
IUFRO Forvest Healthv Division, Dr. Gaston Laflamme welcomed the
pawticipanty of the WP. We thank the attendees who- presented oval
and poster presentutions;, local organisers for their great effort,
Sileymoany Demivel University for their kind support and The
Scientific and Technological Reseawrch Council of Turkey (TUBITAK)
for financial support.

Forest pathology has developed o lot duwing the past 40 years. The
most remoawkable progress iy the possibility to- usee DNA methods in
studying genetics of pathogens and host plants. DNA methods are
helping us also- when we try to- find out the ovigin of new diseases;
alievv or original? What iy the next step? Also- the development of
information technology has affected a lot of ow daily working
compaved, to- time before computersy and internet. The first step inv
forest pathology is to- describe the pathogen and disease symptoms.
The pathogenicity shovdd/b@t%ted/ according tor Kochvy poywlat@y

the interactions between the pathogen, host, other
microbes and enwironment. DNA methods cowv be wsed in studying

the variadionw of pathogens, taxonomy, endophytes and
pathogenesis.

The first meeting of the IUFRO Working pouty 7.02.02 was
awvranged, ivv 1973 inv Mimneapolis; USA. Now Turkey was the 10th
country to- host the meeting so- fawr. Inv the first meetings one of the
mainv subjecty was Sclerodervis canker whichy was o important
disease inv Europe; Novthern Americaw and Japow. Surbrisingly, the
subjecty of the presentations v this meeting were scattered,
including some other umportant biotic and abiotic diseases of forest
trees:

XI
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Whew new disease appears we shouwld stowt from the beginning.
Thanks to- new methods or tools we conv get the saume knowledge
much faster thaww inv the 1900 “s. It seems that new diseases appeor
continmowsly, f. ex. Phytophthoraw alni and Chalowow fraxinea inv
twrope: The humoawy interest to- grow exotic tree species and ever the
commercial  international seedling trade keeps the forest
pathologisty in work in future too-

The climate change meany also- challenges to- forest pathologists.
The wawrming climate iy o fact based ow the laws of physics. The
concentration of cawrbow dioxide and other greenhouse gases are
rising fast inv atmosphere. Neaw the owid aweas the wourming means
the drought problems and in the novtiv it means the new pathogens
from milder climates together with faster forest growth. The climate
change cawv distuwb- the evolutionary balance between the planty
and, the pathogens. But the climate change highlighty also- the
importance of forests. At the same time; foresty produce renewable
materiody and energy and bind the cawrbow dioxide from the aiv. A
healthy forest is important in controlling the woarming. This is o
fact which is very important to-get to-a common knowledge of people
and thiy iy owr task.

Nowadays we canv exchange informatiow quickly by internet. Why
to- fly to- another side of the eartiv to- meet colleagues? I think the
hwmowy being needs humany contacty and covwersation. This is awv
excellent opportunity to- discussy and to- stowt co-opevation. The
internet has not yet changed hwmowv genes: We had once morve a
very successful meeting i Egivdir withv very sincerely and reloxed
atmosphere and found the opportunity to- shave the experiences and
create the new ideas coming from basically all age groups; from
very young to- seniors, and we had close to- 50 participanty from 15
countries withy 29 oval presentations and 15 posters. This proceeding
includes full papers as well as extended and shovt abstracty and we
would like to- mention that the responsibility for the published
papers lies with the authovs.

Finally, we would like to- see yow invthe next meeting to-be held inv
Spaviny, 2011 organised by new deputy Julio-Javier Dieg Caseror

Anttt Uotilov H. Tugba Dogmus -Lehtijorvio
Coordinator Local organiger & Deputy
IUFRO WP 7.02.02

XII
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DOTHISTROMA AND LECANOSTICTA NEEDLE BLIGHT IN THE CR

Libor JANKOVSKY", Miroslava BEDNAROVA', Miloit DVORAK',
Dagmar PALOVCIKOVA', Michal TOMSOVSKY'

"' Dpt. of Forest Protection and Wildlife Management, Faculty of Forestry and Wood Technology,
Mendel University of Agriculture and Forestry, Zemédeélska 3, 613 00 Brno, Czech Republic

*jankov@mendelu.cz

ABSTRACT

Dothistroma needle blight is widespread in the Czech Republic now, although
the first finding was noted in 2000. To date, it has been identified on 21 species of
Pines, 4 species of Spruces and also on Douglas fir in the CR. Records on Scots
pine were exceptionally rare in the CR and also in Europe up to spring 2008.
Brown spot needle blight caused by Lecanosticta acicola was for the first time
reported in the Czech Republic on June 2007, actually is known from 2 localities
on Pinus rotundata. Lecanosticta acicola coincides in observed localities with
Dothistroma needle blight on Scots pine Pinus sylvestris, bog pine Pinus rotundata
and their hybrid P. digenea, however no finding of both diseases on the same tree
was observed.

Key words: Dothistroma septosporum, Lecanosticta acicola, needlecast, alien
species

1. INTRODUCTION

Dothistroma needle blight Mycosphaerella pini E. Rostrup, resp. its anamorph
Dothistroma septosporum is known from most of European countries, eg. France,
Italy, Portugal, Spain, Georgia (Ivory, 1994), UK (Murray and Batko, 1962),
Croatia (Novak-Agbaba et al., 1997, EPPO, 2005), Montenegro and Serbia
(Karadzic, 1989, 2004), Romania (Gremmen, 1968) etc. From Central Europe it
was reported from Austria (Petrak, 1961), Slovenia (Macek, 1975), Germany
(Butin, 1983; Richter, 1983) and Poland (Kowalski and Jankowiak, 1998) where it
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was found in May 1990, Slovakia (Kunca and Foffova, 2000), Hungary (Koltay,
1997) and Czech Republic (Jankovsky et al., 2000, 2004). Recent findings are from
Netherlands (EPPO, 2007) and Belgium (EPPO, 2008a). Up to 2008 there was no
report on Dothistroma from Scandinavia, actually there are reports from Estonia
(Hanso and Drenkhan 2008), Finland (EPPO, 2008b), Sweden (Stenlid, oral
communication; DNA isolated from needle, no symptoms); it is also reported from
Lithuania (Fig 1). European strains belong mostly to Dothistroma septosporum,
however Barnes et al. (2004, 2007) recorded also D. pini from samples from
Ukraine.

1966

(2966)

Fig. 1 Distribution of Dothistroma needle blight in Europe. Years mean first published
report, in parentheses are years of findings, if differ from year of publishing.

Brown spot needle blight Mycosphaerella dearnessii M. E. Barr, resp.
anamorphic stage Lecanosticta acicola (Thiim.) Syd. is in Europe reported (Fig. 2)
from Austria (Petrak, 1961; Brandstetter and Cech, 1999, 2003; Kirisits and Cech,
2006), France (Chandalier et al., 1993), Italy (Porta and Capretti, 2000), Germany
(Butin and Richter, 1983; Pehl, 1995), Switzerland (Holdenrieder and Siecber,
1995), Bulgaria and formerly Yugoslavia (Holdenrieder and Sieber, 1995), Serbia
(Milanovic and Karadzic, oral communication), in 1979 it was reported from
Croatia (Novak-Agbaba and Halambek, 1997; EPPO, 2007). Some new records
origin from Estonia (Cech, 2008, oral communication) and Slovenia (Jurc, 2008).
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Fig. 2. Distribution of Lecanosticta acicola in Europe. Years mean first report, in
parentheses are years of findings, if differ from year of publishing.

2. MATERIAL AND METHODS

Records from the Czech Republic are based on monitoring carried out in 2000 —
2008. Pine and also Spruce and Douglas fir needle samples were examined, mainly
from regions of Southern and Central Moravia, Silesia, Eastern and Central
Bohemia.

The presence of the pathogen was always investigated according to
characteristic symptoms such as red bands, dying tips of needles or the occurrence
of subepidermal sporocarps, acervuli. Exact identification was proved on the basis
of microscopic analyses of conidia.

Isolation of culture was made on 3% MEA containing malt extract 30 g/l,
pepton 5 g/, agar 15 g/l, without addition of any antibiotics. Pieces of needles with
acervuli 3 - 5 mm long were on surface sterilized by sodium hypochlorite 7%,
subsequently by ethanol 96% and washed by sterilized water and put on malt
extract agar. After 3 weeks of incubation, when new conidia occurred on fruiting
bodies, conidia were inoculated into new medium.

Herbarium specimens are deposited at Herbarium of Faculty of Forestry and
Wood Technology (BRNL).
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3. RESULTS AND DISCUSSION

Dothistroma needle blight is widespread across the CR now, although the first
finding was noted in 2000 (eg. Jankovsky et al., 2000, 2004; Bednafova et al.,
2007). More than 80 host species of Dothistroma needle blight are mentioned from
all continents (Bednatrova et al., 2006). To date, it has been identified on 21 species
of pine, 4 species of spruce and also on Douglas fir in the CR: Pinus aristata
Engelm., P. attenuata Lemon, Pinus banksiana Lamb., Pinus cembra L. var.
sibirica (Du Tour) G. Don, Pinus contorta Douglas ex Loudon, Pinus x digenea
Beck (=P. rotundata x P. sylvestris), Pinus heldreichii H. Christ, Pinus heldreichii
H. Christ var. leucodermis (Antoine) Markgraf ex Fitschen, syn. Pinus leucodermis
Ant., Pinus jeffreyi Grev. et Balf, Pinus mugo Turra, Pinus nigra Arnold, Pinus
ponderosa Douglas ex Lawson, Pinus pungens Lambert, Pinus rigida Miller, Pinus
rotundata Link = Pinus mugo nothosubsp. rotundata (Link) Janchen & Neumayer,
Pinus strobus L. var. sibirica, Pinus sylvestris L., Pinus tabuliformis Hort. ex
Carriére, Pinus taeda L., Pinus thunbergii Parlatore, syn. Pinus thunbergiana
Franco, Pinus wallichiana A. B. Jackson, Picea abies L. Karst., Picea pungens
Engelm., Picea omorika (Panci¢) Purkyné, Picea schrenkiana Fisch. & C. A. Mey,
Pseudotsuga menziesii. Austrian pine Pinus nigra Arnold, mountain pine Pinus
mugo Turra, Pinus ponderosa Douglas ex Lawson, Pinus jeffreyi Grev. are the
most frequent and most susceptible hosts. As for species of other genera Picea
pungens Engelm., Picea abies L. Karst., Picea omorika Purkyné¢ and Picea
schrenkiana Fisch. & C. A. Mey were noted as hosts. Dothistroma septosporum
was also isolated from needles of Pseudotsuga menziesii. Symptoms on needles of
Douglas fir were not so clear, acervuli were observed exceptionally.

Records on Scots pine were exceptionally rare in the CR and also in Europe up
to spring 2008. Risk of Dothistroma needle blight for Scots pine in Europe is noted
eg. by Lang and Karadzic (1987). According to Gadgil (1984), Pinus sylvestris is
highly susceptible. Contrary, according to data from Great Britain, Peterson (1982),
mentions that the attack occurs very rarely. However several hectares of Scots pine
plantations, infested by Dothistroma septosporum, about 10 years old, were
registered in Southern Bohemia, in Forest district Nové Hrady, Ttebon area, in
March, 2008. In 2009 progress of infection in the same plot contrary precedent
year. Large infestations were registered also on Scots pine in peat bog nature
reserve Sobéslavska blata in Southern Bohemia. Infected trees were origin from
natural regeneration. Surrounding commercial forest was not affected. Dothistroma
septosporum outbreak on Scots pines was observed simultaneously in large areas
across the Central Finland in spring 2008 (EPPO, 2008). Dothistroma seems to be
threat for Scots pine, including natural stands in Europe, although it was mostly
reported from plantations of introduced species eg. Pinus nigra, P. ponderosa, P.
contorta etc.

Brown spot needle blight caused by Lecanosticta acicola was for the first time
reported in the Czech Republic on June 10, 2007 (Jankovsky et al. 2008). The first
record is from the peat bog National Nature Reserve Cervena Blata in South

10



SDU ORMAN FAKULTESI DERGISI

Bohemia, close to town Tiebon; coord. N 48°51'37.06", E 14°48'44.09". The
disease was observed on 10 — 40 years old trees of Pinus rotundata, (Jankovsky et
al., 2008). The new record in the CR is from the same host species, 10-60 years old
in National Nature Reserve Borkovicka blata, near town Sobéslav (coord. N
49°14'16.3" E 14°37'54.2") on August 7, 2008 (Jankovsky et al., in press). Both
places are very strictly protected areas. Typical symptoms (according to EPPO,
2005) were observed in current year needles declined from tips in middle of July
and in August. Brown spots with apparent yellow separation were present on green
needles as well. Visible yellow belts were present between dead tissues of killed
tips and green tissues. Studied conidia were subhyalinne, even dark olive green,
surface of conidia echinulate to verrucose or tuberculate, straight to curved, with
one to five septae, fusiform to cylindrical, size 3 - 5 um x 21 - 44 uym. On 3% MEA
medium, the fungus produced grayish green olive to olive black stromatic colonies,
producing slime with conidias

Lecanosticta acicola coincides in localities with causal agent of Dothistroma
needle blight Dothistroma septosporum on Scots pine Pinus sylvestris, bog pine
Pinus rotundata and their hybrid P.Xxdigenea. Nevertheless, the threat of the
disease spreading to Scots pines frequently planted in the region remains unclear
yet. While bog pines inside the nature reserves display remarkable needle
defoliation, Scots pines in surrounding managed stands are without visible
symptoms of infection by Lecanosticta acicola.

4. CONCLUSIONS

With respect to actual epidemic situation in some countries, it is necessary to
discuss the role of climatic factors in Europe and trade with plant material as main
risk factors for spreading of both diseases. Dothistroma needle blight and brown
spot needle blight are relatively quickly spreading needle casts in Central and also
in Northern Europe. Within past 15 years, Dothistroma was reported from many
new areas. Spreading of these diseases should be considered as result of climatic
extremes and also one of exhibitions of climatic changes (eg. Woods et al., 2005).
However reasons of spreading are still not sure. We cannot exclude also some other
factors as trade with plant material. Reasons of occurrence of disease of strictly
protected areas without any human interventions for many decades are not sure.
Control of these needle casts is problematic due distribution in large infested areas.
Dothistroma needle blight is established in most areas across Europe now and
seems to be problem in Central and North Europe now due to very quick spreading
and adaptation for climatic and natural conditions in new areas.
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ABSTRACT

Previous work has indicated that Scots pine needles are colonized by three species of
Lophodermium, of which two are the endophytes L. pinastri and L. conigenum and the third
is the pathogen L. seditiosum. Recent work on a DNA based Lophodermium phylogeny
found huge variation among L. pinastri isolates which was interpreted as the presence of
two subspecies within this taxon. In this study we use a combination of sequence data,
molecular markers and culture morphology to demonstrate the existence of three distinct
taxa within the entity that was previously classified as L. pinastri. These three taxa co-occur
within the native pine woods of Scotland

Keywords: Ascomycete, Lophodermium pinastri, Pinus sylvestris, Phylogeny

1. INTRODUCTION

There is increasing evidence that the diverse endophytic communities within the
leaves and needles of trees confer protection against pathogens (Petrini, 1991;
Arnold et al.,, 2003). A situation in which protection by endophytes could be
commercially important is found in the ascomycete genus Lophodermium Chev
which is ubiquitous in pines and is distributed worldwide. Many Lophodermium
species live asymptomatically as endophytes inside the needles of pines for at least
part of their life cycle (Minter, 1981a; Diwani & Millar, 1987; Wilson, 1995) and
could potentially help to protect against needle cast diseases (Minter, 1981Db).
However in order to determine the importance of endophytic Lophodermium
species in protecting pines from needle diseases, it is essential to clarify their
taxonomy so that they can be readily identified and their ecology and behaviour
can be studied.

Lophodermium Chev. includes 145 species, mostly from pine hosts, and there is
some degree of host specificity (Kirk et al., 2008; Ortiz-Garcia et al., 2003).
Morphological characteristics of this genus include a single longitudinal slit
opening of the apothecia, and the fusiform shape of the ascospores (Darker 1967).
As it is known today, the Lophodermium species complex on P. sylvestris in
Scotland includes two endophytes and one pathogen. The two endophytes differ in
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their ecology. L. pinastri ascocarps are found on naturally shed needles, while L.
conigenum fruits on prematurely killed needles (Minter and Millar, 1980). The
pathogen L. seditiosum causes needlecast disease which is particularly a problem
on young P. sylvestris (Diwani and Millar, 1987).

Preliminary studies of Lophodermium isolates made from naturally shed needles in
Scottish native pinewoods showed striking variation among cultures grown on malt
agar. PCR-RFLP and sequence analysis of the ITS region in these isolates also
showed greater variability than had hitherto been reported for L. pinastri (Johnston
et al., 2003). In this manuscript we explore the hypothesis that the current taxon L.
pinastri includes more than one species. The hypothesis is tested using data from a
DNA based phylogeny and analysis of DNA markers and cultural morphology.

2. MATERIAL AND METHODS
2.1. Fungal Isolates and DNA extraction

L. pinastri was isolated onto malt agar from naturally shed, surface sterilized
needles collected in the Scottish native pine woods at Glen Affric (NH278278) and
Amat (phylogenetic and population genetic analysis) and in Glen Affric, Abernethy
(NJO15155) and Loch Maree (NG995654) for the analysis of culture morphology
(Table 1). DNA was extracted from pure cultures grown in liquid Malt Extract
medium using the Plant DN Aeasy Qiagen Kkit.

Table 1: Numbers of isolates of each clade and population included in the culture
morphology test

Population Clade Ia Clade Ib Cladell
Loch Maree 10 20 3

Glen Affric 15 20 18
Abernethy 20 20 2

Total 45 60 23

2.2. Sequencing and Sequencing Analysis

ITS regions of the Ribosomal DNA and partial ACTIN was amplified using
primers ITS1 /ITS4 (White et al., 1990) and ACT-512F / ACT-783R (Carbone and
Kohn 1999) respectively. Sequencing of both strands was conducted using the
BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystem, Foster city,
USA). Sequences were aligned with Clustal X2 (Thompson et al., 1997; Larkin et
al., 2007).

2.3. Phylogenetic Analysis

Phylogenetic analysis was conducted using parsimony in PAUP* 4.0 (Swofford,
2003) and Baysian inference in MrBayes-3.1.2 (Huelsenbeck and Ronquist, 2001;
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Ronquist and Huelsenbeck, 2003). Additional ITS sequences derived from
Genbank were included in a broader ITS phylogeny to look at the relationship
between L. pinastri isolates from Scotland and from other parts of the globe.

2.4. Amplified Fragment Length Polymorphism and Corresponding Analysis

AFLP (Amplified Fragment Length Polymorphism) markers were obtained using
the protocol of Vos et al. (1995). Eight primer combinations were chosen which
gave 549 markers across all L. pinastri isolates (Table 2). Bands were scored as
present or absent, a distance matrix was calculated using the Jaccard coefficient,
and this was used to conduct a principal coordinate analysis in PAST.

Table 2: Numbers of AFLP markers found in each putative Lophodermium species

Primer Combination Total Clade Ia Clade Ib Clade II
AAC/CAA 74 27 23 24
AAC/CG 86 31 33 33
AAC/CT 98 24 39 48
AAC/CC 91 26 33 46
AAC/CAGA 53 26 7 28
AAC/CTA 58 18 10 34
AAC/CCG 60 20 13 32
AAC/CAG 29 12 5 12

2.5. Culture Morphology

Isolates collected as described above from Glen Affric, Loch Maree and Abernethy
(Table 1) were identified to clade on the basis of their ITS sequence. Isolates were
then chosen at random within clades and populations. Inoculum measuring Smm
diameter was cut from cultures and transferred onto a 2% malt agar Petri dish.
Radial growth was measured once a week. The experiment followed a randomised
block design with four blocks and included two replicates of each isolate. Results
were analysed using R 2.8.0 (R Development Core Team, 2008)

3. RESULTS
3.1. Phylogenetic and Genetic Marker Analysis

Phylogentic analysis showed a total of five monophyletic clades with strong bootstrap
or prior probability support within the Lophodermium complex on Pinus sylvestris.
Isolates derived from shed needles in Scottish pinewoods, and previously classified as
L. pinastri, fell into three of these clades named Ia, Ib and II. These clades are
consistent when using both Parsimony and Baysian inference of phylogeny on
combined data from the ITS and Actin loci (Fig. 1 and 2). Isolates from these three
clades also form three distinct groupings in the Principal Coordinate analysis based on
genetic distances obtained by scoring AFLP markers.
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Figure 1: Phylogeny of Lophodermium species isolated from Pinus sylvestris needles from
Scotland by Parsimony criterion phylogeny of the ITS. Bootstrap values are annotated on
the branch located before the corresponding node
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Figure 2: Phylogeny of Lophodermium species isolated from Pinus sylvestris needles from
Scotland by Baysian inference of phylogeny of combined ITS and Actin
3.2. Culture Morphology
Growth rate differs significantly among the three clades identified in the

phylogenetic and genetic marker analyses (P< 0.001 ANOVA, Fig. 3). Clade Ib
shows the slowest and clade Ia the fastest growth.
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Figure 3: Box plot representing growth rate difference between each phylogenetic clades

Figure 4: Eight weeks old colonies of two individuals per clade. From left to right: Clade
Ia, Clade II and clade Ib.
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3.3. Relationships among Lophodermium Species

Clade Ia includes Genbank sequences of L. pinastri from Europe on Pinus
sylvestris and from Canada on P. strobus (Fig. 5). There are no Genbank
sequences of clade Ib except for those derived from the native pinewood at Glen
Affric (Scotland). Clade II includes Genbank sequences of L. pinastri from P.
ponderosa in North America and from P. pinaster in New-Zealand. It also

includes a different species of Lophodermium, L. kumaunicum, described from
the Himalayas.
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Figure 5: Phylogenetic relationship between species of Lophdermium Cheyv.
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4. DISCUSSION

Multigene genealogy and genetic marker analysis coupled with culture morphology
data demonstrate that Pinus sylvestris in Scotland is colonized by five species of
Lophodermium, four of which are endophytes. Isolates previously classified in a
single taxon, L. pinastri, fall into three distinct species. At least one of these
species, corresponding to clade II, is distributed worldwide. This clade includes
Genebank entries given the name L. pinastri and more recently L. kumaunicum.
Clade II of L. pinastri was previously classified as a subspecies in the phylogeny of
Lophodermium published by Ortiz-Garcia et al. (2003).

The present study has uncovered a greater diversity of endophytes than was
previously known. Clarification of their taxonomy, and the ability to recognize the
Lophodermium taxa on Scots pine in Scotland will allow us to compare the genetic
diversity, gene flow and mating system of each species. Ultimately this will help us
to understand the differences that exist and the interactions that occur between
closely related pathogens and endophytes within Lophodermium.
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ABSTRACT

Red band needle blight is cused by Mycosphaerella pini Rostrup (1957) also
known as Scirrhia pini A. Funk & A.K. Parker and conidial state is Dothistroma
septosporum (Dorog.) M Morelet. First time it has described as Cytosporina
septospora Dorog. 1911 and later the asexual state has called Septoria septospora
(Dorog.) Arx, Dothistroma pini Hulbary 1941, Dothistroma pini var. keniense
M.H. Ivory 1967, Dothistroma pini var. lineare Thyr & C.G. Shaw 1964,
Dothistroma septospora, Dothistroma septosporum (G. Doroguine) M. Morelet,
Dothistroma septosporum var. keniense (M.H. Ivory) B. Sutton 1980, Dothistroma
septosporum var. lineare (Thyr & D.E. Shaw) B. Sutton 1980, Dothistroma
septosporum var. septosporum (Dorog.) M. Morelet 1968, Eruptio pini (Rostr.)
M.E.Barr 1996. The disease is called red band needle cast or dothistroma needle
cast or dothistroma needle blight or pine needle blight. In Finnish it is called
punavyokariste. Reproduction happens mostly asexual through conidia during the
growing season in moist conditions, in Finland from May to October. Needles of
all ages are infected by D. septospora. If infection is strong, needles can fall down
during the same growing season, but more often they can stay on branches to the
next season.

First symptoms of red band needle cast are yellow spots on needles which turn
later on brown. Red-brown coloration, commonly associated to the disease is
caused by dothistromin which is a potent and broad—spectrum toxin and is
responsible for the characteristic necrotic lesions and red bands on needles.
Mycosphaerella pini is believed to be native to the cloud forest of Central America,
but the first description has made in Russia (Dorogin, 1911). Red band needle
blight has now a days world wide distribution and is most serious disease in Pinus
radiata plantations in Southern Hemisphere, East Africa, New Zealand and Chile
and Pinus contorta in Northern Hemisphere in British Columbia, in Canada is
particularly susceptible.

There are altogether 80 host species: 60 Pinus species and t.e. Picea and
Pseudotsuga.
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1. INTRODUCTION
Occurrence in Finland

Red band needle blight is most common in dense 5-15 years stands and infects
needles in branches mostly in 0.5m-2 m high. It can also find in the same young
pine stands, where is or has been Pine needle cast epidemic caused by
Lophodermium seditiosum. Jankowsky (2008) has also observed infections in 60-
80 years stands. In Pinus sylvestris records has made in Hungary, Poland, Zhech
Republic and Estonia, but records were rare until spring 2008 (Jankowsky, 2008)
when has happened rapid outbreak throughout Europe.

Limiting factors to occurrence?

In Finland red band needle blight is recorded first time in autumn 2007 and in
spring 2008 pycnidias and germinated conidia was found and first tree isolates
have done from Hartola, Kangasniemi and Suonenjoki and ITS sequenced. The
sequences are identical with each others to a number of M. pini sequences of the
GenBank database.

Cold tolerance test has been made in test chambers to the needles, where was
able to find fresh pycnidias: one day interval +5 °C/-5 °C, continuous -10 °C, one
day interval +5 °C /-20 °C, continuous -70 °C in one week testing time and control
samples were stored in cold room in +4 °C. No clear differences could be
observed in the germination of conidia between temperatures, which mean that
winter temperature is not a limiting factor. Humid climate favors the outbreak of
red band needle cast, but dry periods in growing season are a stress to pathogen and
the developing of the disease can discontinue.
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Observations of the distribution of Red band needle blight in Finland 2008 by
occasionally selected areas. Observations were not made systematically in whole
country, e.g. south western Finland was outside observation area.

These observations show areas where red band needle cast was noticed in dense
pine stand. Most of the observations in 2008 have made in southern and central
Finland, but some observations have made in northern Finland, too. That means,
that red band needle cast has spread out to some extend in whole country.

CONCLUSIONS OF THE DISEASE OUTBREAK ACCORDING TO
OBSERVATIONS 2008

Red band needle blight has been prevalent since 1960s in pines planted as
exotics in plantation forests, particularly in Southern hemisphere, but caused
normally not serious damage to native pine stands. During the last few years the
incidence of red band needle blight has increased dramatically in the Northern
Hemisphere and the epidemic in British Columbia, Canada, has caused extensive
mortality of pines in their native ranges and the disease has been correlated with
climate change ( Woods et. al., 2005). Climate change could have a positive
impact to the occurrence of Dothistroma pini if weather is humid and rainy during
growing season. Drought during growing season is a stress to host and to pathogen
too and the outbreak can stop.
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ABSTRACT

The Gremmeniella abietina microconidia were observed during 1981-2002 in
numerous finnish specimen and pure cultures of the fungus. Microconidia existed in
type A and B on Gremmeniella abietina. Microconidia were found in pycnidia and
apothecia. Grey microconidial mass was produced also in pure cultures. Size of
microconidium was 3-6 um X 1 pm. The germination was not observed. The attempts
to produce apothecia with the help of microconidia in lab failed.

1. INTRODUCTION

Finn and Helka Roll-Hansen first reported microconidia in 1973. They found
microconidia in pycnidia in Norwegian samples of G. abietina. The colour of
microconidial mass was grey instead of pink as conidial mass. Bergdahl and
Tsajkowski (1982) reported microconidia in North America. According to them
microconidia rarely germinate. Microconidia are also described in taxonomical
work of Petrini et al., 1989, when microconidia were found on different races or
types of G. abietina. My purpose was to check the occurrence of microconidia
in two types of G. abietina existing in Finland. In addition apothecia were tried
to produce by transferring microconidia.

2. MATERIAL AND METHODS

These results based on notes which I have done on different experiments and
cultures of numerous G. abietina isolates during 1981-2002. Hundreds of
microscope slides were examined. They were done from natural pycnidia or
apothecia and also from pure cultures in laboratory. The types of G. abietina
were determined by conidial septa and disease symptoms. Later the types were
confirmed with fatty acid (Miiller & Uotila, 1997) or RAMS method (Hantula
&Miiller, 1997; Uotila et al., 2000). After determining mating alleles of G.
abietina (Uotila, 1992) the pairing experiment with microconidia was done. G.
abietina has two mating alleles, mat 1 and mat 2. The microconidia from the
monospore culture were transferred to culture having different mating allele.
The cultures were grown in erlenmeyer bottles on barley groats +pine needles
medium.
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3. RESULTS AND DISCUSSION

The size of microconidia is 3-6 pum X 1 um (Fig. 1 and 2). Microconidium
contain one nucleus. Microconidia were found regularly in types A and B of
Gremmeniella. Microconidia are produced also in pure cultures of
monoascospore isolates. The color of microconidial mass in pure culture or in
pycnidia is grey instead of pink color of macroconidial mass. I have not seen
germinating microconidia. The microconidia were not germinating in
monospore cultures.

Figure 1. Microconidia formation in pure culture of Gremmeniella abietina.
Stained with anilin blue.

The microconidia are formed from mycelia (Fig. 1 and 3.), conidia (Fig. 2.)
or ascospores. When the contents of pycnidium with microconidia and
macroconidia is spread on the agar the microconidia adhered close to
macroconidia (Fig. 2.). The change of nuclei is possible in these conditions. The
role of microconidia is propably to transfer the nuclei before meiosis. This
sounds reasonable, but why there are microconidia also in apothecia? I tried to
produce apothecia in lab with help of microconidia. G. abietina is heterothallic
with two mating alleles. So the microconidia were added in cultures with
different mating allele, but apothecia did not appear in these cultures. In nature
we can produce apothecia by inoculating compatible mycelia close to each other
in the same seedling.
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Figure 2. The macroconidium seems to produce microconidia.

Figure 3. Germinated macroconidia and the mycelia forming microconidia.

31




SDU Faculty of Forestry Journal

It is still needed more research to describe the exact process of pairing and so
to understand the role of microconidia for the fungus. This knowledge do not
offer direct possibilities to control the disease, but it is important to understand
the enemy.
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ABSTRACT

Scleroderris canker, European race, was first detected on Austrian pine in St. John’s,
Newfoundland in 1979. To prevent spread of this exotic disease, a quarantine zone was
established in 1980 to all areas north of the Witless Bay Line. Later, red pine mortality near
Torbay (1981), Upper Island Cove and along Salmonier Line (1996) resulted in extending
the quarantine zone in 1998 to all areas east of Route #202 at the isthmus of the Avalon
Peninsula. Infection on these pines was tracked back to planting stock produced at the Back
River Nursery on Salmonier Line. These seedlings were planted on the Avalon and
Bonavista Peninsulas from1937 to1952. Until 2007, the slow rate of spread and natural
quarantine boundary limited this disease for over 60 years to the Avalon Peninsula. In
2007, the European race of Scleroderris canker was detected in an isolated red pine
plantation in central Newfoundland at Berry Hill Pond, 400km outside of the quarantine
zone. Field observations showed that conducive conditions for the pathogen were always
present in the area, explaining rapid development of the epidemic compared to slow
progression in plantations on the Avalon Peninsula. Failure to publicize and enforce the
quarantine and apply preventative control measures has now resulted in threats to native red
pine stands and plantations established throughout central Nfld. Pruning red pines in that
region will prevent any new outbreak. We cannot rely on quarantine measures alone to
prevent spread of this disease.

Keywords: Scleroderris canker, Gremmeniella abietina, Pinus resinosa, outbreak,
quarantine.

1. INTRODUCTION

Scleroderris canker cause by Gremmeniella abietina (Lagerb.) Morelet is a serious
disease of hard pines, causing shoot blight, branch dieback, stem cankers and tree
mortality. Two races of the disease affect pines in North America, the native North
American (NA) race and the introduced European (EU) race (Dorworth et al., 1977)).
The NA race causes infection on lower branches in the snow, inducing dieback and
mortality in pine seedlings or pines less than 2 m in height. The NA race has never
been found in Newfoundland. The EU race, introduced in North America, is a very
serious disease; it is not restricted at the snow level; the whole crown of large trees can
be affected. Red pine (Pinus resinosa Ait.) is very susceptible to this disease (Skilling,
1975); Scots (Pinus sylvestris L.) and Austrian pines (Pinus nigra Arnold) are
moderately affected (Bernhold et al., 2009) while jack pine (P. banksiana Lamb.) is the
most resistant (Laflamme and Blais, 2000).
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2. FIRST REPORTS OF THE DISEASE IN NEWFOUNDLAND

Scleroderris canker, EU race, was first detected on Austrian pine in St. John’s,
Newfoundland, in 1979 (Singh et al., 1980). To prevent spread of this exotic disease, a
quarantine zone was established in 1980 to all areas north of the Witless Bay Line
(Figure 1). No movement of conifer stock from the area north of Witless Bay Line was
allowed out of this zone. An information pamphlet was produced and distributed. It
showed photos of symptoms to help identification of the disease as well as a map of the
hazard and quarantine zone for Scleroderris canker. Within this quarantine zone, severe
infection followed by tree mortality of red pine was detected in 1981; it was found in
the Torbay plantation located 15 km north of St. John's (Figure 1).

3. BACK RIVER NURSERY

In mid 1980's, Scots pine dieback and mortality caused by Scleroderris canker
EU race was observed along Salmonier Line and at a site called the old “Back
River Nursery”. This tree nursery has an important role in understanding the
introduction of the disease on the Island, as we will see later. Back River Nursery
was outside the quarantine zone (Figure 2).

In early 1990's Scleroderris canker infection and limited mortality was observed
in a number of mixed pine plantations along the southern shore of Conception Bay,
again outside the quarantine zone. Planting stock for all affected plantations came
from the Back River Nursery.

In 1996, Scleroderris canker was observed in a red pine plantation at Upper
Island Cove and the whole plantation was completely destroyed by the disease.

Figure 1: Quarantine zone north of Witless Bay Line established in 1980 to prevent
spread of Scleroderris canker outside this area.
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Figure 2: In1998, the quarantine zone for Scleroderris canker, European race, was
extended to all areas east of Route #202, a natural barrier for the Avalon Peninsula.

Following this extension of the disease, the quarantine zone was extended in
1998 to all areas east of Route #202, a natural barrier for the Avalon Peninsula
(Figure 2). Unfortunately, no public information or pamphlet was given or
produced

After these new findings, the senior author did a search of historical data on the
Back River Nursery, to have information on the provenance of seed or seedlings in
this nursery and the location of plantations established with seedlings produced in
this nursery. A report on Reforestation in Newfoundland, from 1937 to 1952,
summarized the establishment and activities of the Back River Nursery (Doyle,
1967). It gives details of planting stocks produced, and identified 16 plantations
established on the Avalon, Burin and Bonavista Peninsulas between 1938 and
1951. This report indicated also that all stocks at the Back River Nursery were
produced from seeds: white spruce (Picea glauca (Moench) Voss), white pine
(Pinus strobus L.) and balsam fir (4bies balsamea (L.) P.Mill.) were of local origin
while Norway spruce (Picea abies (L.) Karst.), red pine, Scots pine and jack pine
came from Ontario, Canada. It is important to note that Scleroderris canker cannot
be transmitted by seed. Another report provided a detailed historical account of the
Back River Nursery (Baker and Miller-Pitt, 1998). In 1939 the Newfoundland
Forestry Division received a gift of 30,000 seedlings of red, white, jack and Scots
pines from the Province of Ontario, Canada.

With this information on hand, a survey of localized plantations was done in 1998.
The 16 plantations established with Back River Nursery stock, revealed that most
plantations were in very poor condition, but Scleroderris canker EU race was present in
a number of them. The majority of red pine had died but the disease was still present
and viable in the surviving Scots and jack pines which show resistance to the disease
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(Bernhold et al., 2009; Laflamme and Blais, 2000). Even if these pines are surviving
with the disease for several years, the host persists as an endemic carrier of the
pathogen. Infected plantations outside the Avalon Peninsula, at Sunnyside and on the
Bonavista Peninsula, were sanitized with expectations of limiting the disease to the
Avalon Peninsula, and keeping the 1998 quarantine zone in place. The quarantine and
natural barrier at the isthmus of the Avalon Peninsula was successful in limiting the
spread of Scleroderris canker EU race for over 60 years (Figure 2).

4. OUTBREAK IN SOUTH-CENTRAL NEWFOUNDLAND

In 2007, severe red pine mortality was reported in an 18-year-old red pine
plantation at Berry Hill Pond, 90 km down the Bay D'Espoir highway from the
Trans Canada Highway, approximately 400 km outside the quarantine zone.
(Figure 3). G. abietina was isolated and molecular tests have proven the disease to
be Scleroderris canker EU race. Damage assessment done in

] &z
Berry Hill Pond
# Plantation

Figure 3: Outbreak in Central Newfoundland, 400 km from the quarantine zone for
Scleroderris canker, European race on the Avalon Peninsula.

2007 and 2008 revealed the disease had been present for 7-8 yr, building up
inoculum by infecting lower branches in a center of infection. Then, optimum
conditions conducive for spore release, dispersal and infection occurred 2-3 years prior
to 2007 resulting in killing pines in the center of infection by shoot infection of the
whole crown. This high spore load in the top of crown exposed to wind, rain and snow
helped the disease to spread on top of surrounded healthy pines. Spores from these tops
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were rain splashed and disseminated on lower shoots, killing the residual trees the
following year.

Planting stock for this plantation was produced in the Wooddale provincial tree
nursery in central Newfoundland. This plantation and several others in the forest
management district were established in 1989 using the same red pine planting
stock. An inspection in the fall of 2007 of the other plantations showed no other
signs of infection, ruling out infected planting stock as the source of the disease.
Geographic isolation of this plantation, surrounded primarily by bog and scrub
forest with no pine content, has all but ruled out natural spread of the disease from
the Avalon Peninsula. Forestry personnel from the Bay D'Espoir office commented
that locations along the road through the plantation were common camp sites for
moose hunters from the Avalon Peninsula in the late 1980's early 1990's. Two tall
communication towers along the road to the plantation were easy landmarks for
hunters to locate the campsites. It is suspected that hunting groups from the Avalon
Peninsula brought their own kindling and firewood with them, which would have
been readily available from recently killed red pine in the infected Conception Bay
plantations.

5. DISCUSSION

After 15 years of observations on the development of a Scleroderris canker
epidemic, EU race, in 50 red pine plantations located in Quebec, we can sum up the
results into three steps:

1- There is a build up of inoculum in a centre of infection.

2- Followed by a spread of infection on lower branches in the snow over a large
area.

3- Finally, under conducive climatic conditions, conidia of G. abietina produced
on lower branches will spread the disease higher in the crown of trees.

In south-central Newfoundland, we observed a different pattern. The epidemic
started in a centre of infection and killed the trees in that centre relatively rapidly.
The large number of infected shoots in the crown of dead and dying trees produced
a large amount of inoculum in the upper part of trees. The strong wind prevailing in
that region, with rain and snow had spread the disease to the top of surrounding
trees, causing their death in less than 2 to 3 years. The disease became so
widespread that nothing could be done to save the plantation. Because of the
climatic conditions favourable to the disease in that region, the other red pine
plantations should be pruned to prevent any build up of inoculum in the eventuality
of an introduction of G. abietina.

From the historical reports, seedlings of pine were imported into the Island of
Newfoundland from Ontario, Canada. It is difficult to conclude that the
introduction of the disease came with this nursery stock: the European race was not
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found in Ontario until 1985 and the disease had been present in Back River
Nursery several years before. So the origin of the introduction of the disease on the
island is still unknown. Based on preliminary molecular study, the Newfoundland
introduction would be different than the one on continental North America;
moreover, the pathogen population in Nfld. shows more relationship with the
pathogen population from Europe (Hamelin et al., 1998). The introduction could
have come from Austrian pine seedlings imported from Europe; this pine species
has been planted in St. John’s area for many years. This tree species was never
imported for reforestation; it was imported as ornamental probably not too long
after the establishment of the Back River Nursery, but this hypothesis remains to be
proven.

The breach of the quarantine zone now places the natural red pine stands and
numerous plantations in central Newfoundland region at a serious risk of
extinction. A communication plan to the public should be undertaken through
information, pamphlets, display notices, roadside signs and kiosk.. It is necessary
to maintain the Scleroderris canker quarantine on the Avalon Peninsula. The
isthmus of the Avalon Peninsula is a natural barrier with limited alternate access,
where quarantine notices, signage and material deposition depots can be setup.
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ABSTRACT

In Italy Pinus pinea L. (Italian Stone Pine) is cultivated for several purposes but mainly
for dune protection, landscape conservation, tourism, and seeds production. This economic
activity is annually negatively affected by the occurrence of fungi, insects, and abiotic
agents but also by a new alien pest (Leptoglossus occidentalis Heidemann) recently
introduced from North America. In order to clarify the main reasons of seed losses,
monitoring investigation have been organized in different pinewood located along the
Tyrrhenian cost in Tuscany. During the period 2006 — 2008 cones, having different ages
(from 1 to 3 years old) were analyzed. The main agents responsible of biotic damage were
identified and their incidence on losses was ranked.

The study showed that: - about 64% of 1-yr old and 36% of 2-yrs old cones were
affected by D. pinea; - more than 80% of old cones collected on the ground in pinewoods
were colonized by the fungus; - up to 57% of old infected cones produced available
inoculum, able to germinate in 6h at 25°C. The most consistent damages on the harvested
mature cones were caused by D. pinea, followed by small mammals and insects including
L. occidentalis, although differences among forest occurred. In infected cones by the fungus
seed losses were up to 64%.

Keywords: Pinus, edible seeds, insects, diseases, fungi

1. INTRODUCTION

Pinus pinea L., the Italian Stone Pine with its umbrella-shape crown is one of
the most characteristic and attractive Mediterranean trees. It is usually grown in
pure pinewood plantation along the coasts, or mixed with other Mediterranean
species in temperate forests. Often it is also cultivated as an ornamental tree, in
gardens and public parks areas of Southern Europe (Bernetti, 1995).

P. pinea is also well known for its edible seeds (pinoli) about two cm long that
quite often constitute the main income for pinewoods owners (Bernetti, 1995;
Ducci et al., 2001; Saporito, 2002). Seeds are produced by pines after a long
process of maturation. The cones ripen after three years expanding to oval-shaped,
300 gr. weigh. During that long period they are exposed to several biotic threats
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due primarily to insects Ernobius impressithorax, (Coleoptera,Anobiidae)
(Dioryctria mendacella Stgr. (Lepidoptera, Pyralidae), Pissodes validirostris Gyll.
(Coleoptera, curculionide), small mammals (squirrels and dormouse)
(CanakcioglU, 1969; Roques, 1983; El Hassani and Messaoudi, 1986; Innocenti
and Tiberi, 2002) and fungi, mainly Diplodia pinea (Petri, 1917; Petri and Adani,
1916; Verona, 1950; Maresi et al., 2002). More recently a new alien insect,
Leptoglossus occidentalis Heidemann (Heteroptera Coreidae), was accidentally
introduced in Italy (Bernardinelli and Zandigiacomo, 2001) and contribute to
enhance the amount of seed damages.

Since the 2006-2007 the amount of seed production dropped down causing
serious economic concern for the market and several survey activities were
organized in order to evaluate the main causes of seed losses.

2. MATERIALS AND METHODS

The studies on the reduction of seed production from P. pinea trees were carried
out in Tuscany, Central Italy during the period 2006 — 2008 in different pine
forests. Two areas were located in the North, close to Pisa, in the Regional Park
“Parco Migliarino S. Rossore Massaciuccoli” MSRM-1 (Migliarino) and MSRM-2
(Tirrenia), while the third was situated in the South of region, close to Grosseto, in
the “Parco Naturale della Maremma” PNM (Alberese). All the mentioned areas are
particularly large pinewood forests from where every year cones are usually
harvested and seeds are send to the market.

The study was organized following different aspects:

2.1. - Surveying on the Occurrence of D. pinea on cones of different age.
Pinewood areas MSRM-1 and MSRM-2.

a) Occurrence of D. pinea on immature 1- 2 yr-old cones. During the winter
2006 five trees were felled and 150 green cones (n.100 1yr-old and n.50 2yr
old samples) were randomly collected from the crown. Cones were then put
in moist chambers up to 15 days and regularly checked to detect the
occurrence of D. pinea (Feducci, 2007).

b) Occurrence of D. pinea on mature and old cones lying on the ground.
Pinewood areca MSRM-1. About 600 cones were collected under the pine
crown in order to detect the occurrence of the fungus. Cones were ranked
according to the age (1, 2 >2 yrs) and percentage of scales cover by pycnidia
(<15% ;15—-50 ;> 50%) (Pepori, 2006).

2.2. Detecting the inoculum availability from mature cones on the ground.
Pinewood area MSRM-1. A sample of 135 cones was collected from 5 different
particles under the crown of 27 pines. Cones were processed according to Munck
and Stanosz (2009). The method was modified and adjusted to the size of cones
(350 ml of water was used in rinsing the cones). A conidia suspension was
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obtained for each cone and used for germinability test on 2% Malt-agar in Petri
dishes at 25°C for 6 hours (Cambi, 2008).

2.3. Assessing the sanitary conditions of harvested mature cones (3 yrs-old).
Pinewood areas MSRM-1, MSRM-2, and PNM. In order to evaluate the occurrence
of damage on cones ready to the extraction process, about 3000 cone samples were
collected (1000 from each previously mentioned area). Symptoms of damages, if
present, were visually detected and classified according their main causes: insects
(Dioryctria sp., Ernobius impressithorax, Pissodes validirostris), L. occidentalis,
small mammals (Dormouse, Glis glis; Squirrel, Sciurus vulgaris), Diplodia pinea
and abiotics. Total observed: 3045 cones (Migliarino 1045, Tirrenia 1000, Alberese
1000).

2.4. Test seed viability. Pinewood areas MSRM-1, MSRM-2, and PNM. From
a sample of 100 cones, 80 affected by D. pinea and 20 apparently healthy as
control (see 2.3) all seeds were extracted and than checked for their viability
conditions, first visually and later by using the Tetrazolium Test (International
Seed Testing Association., 2003; 2007; Feducci, 2007).

3. RESULTS
3.1. Occurrence of D. pinea on cones of different age.

a) Immature 1-2 yr-old cones. D. pinea is a fungal parasite quite common in
young pine cones. After evaluation about 64% of 1-yr old and 36% of 2-yrs old
cones were affected by the fungus. Percentages of apparently healthy cones
increase according to their age (Table 1).

Table 1. Occurrence of Diplodia pinea on Pinus pinea cones of different age.

1 year-old cones 2 years- old cones

Cone conditions Apparently Affected by Apparently Affected by
healthy D. pinea Healthy D. pinea
data in % 36.6£13.9 63.4+13.9 66.7+4.3 33.3+4.5

b) Mature and old cones lying on the ground. Observations on cones on the
ground under the crown of pines show that the number of old ones was quite
relevant. The percentage of cones having more than 50% of scales covered by D.
pinea was also consistent (Table 2).

Table 2. Occurrence of pycnidia of Diplodia pinea on Pinus pinea cones.

Cone Age of cones Occurrence of D. pinea on cones*
conditions 1yr 2 yrs >2 yrs 0 1 2 3
imn©
Datain® | 67008 | 12,1456 | 81,2440 | 59421 | 74211 | 15,0002 | T2
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* Occurrence of Diplodia pinea. 0= none or few pycnidia; 1 = pycnidia detected
on < 15% of cone scales ; 2 =15 —-50 % ; 3 => 50%.

3.2. Detecting the inoculum availability from mature cones on the ground.
A large amount of cones colonized by D. pinea, and showing pycnidia (Table 3),
were still actively releasing conidia. Among them 55.6% of 1-yr old cones and
63.9% of >3-yrs cones were still producing inoculum. Percentage of conidia
germination after 6 h at 25°C was 47.4%.

Table 3. Inoculum availability of Diplodia pinea (pycnidia) on Pinus pinea cones.

Percentage of cone scales showing D. pinea pycnidia
Ages of cones
<15 15-50 >50
L-yr 15.6+0,8 66.7+5,6 17.844,0
2-yrs 0.0 42.245,6 57.8+4,0
>3-yrs 35.6+0,8 53.3£5,6 11.1+4,0

3.3. Sanitary conditions of harvested mature cones (3 yrs-old).

Data obtained from cones ready for seed extraction showed that damages
ranged from 28-55% according to the different forest areas considered. The most
consistent damages were caused by D. pinea (average 16%) followed by small
mammals and insects (about 6%) and L. occidentalis (4%) (Table 4). Differences
values among forests were quite pronounced particularly for the fungal parasite
(Figure 1).

Table 4. Main damages observed on 3-yrs old Pinus pinea cones.

Cone conditions Causes of damage

Sampling
area Healthy | Damaged Insects* L. Small D. Other
(n.1900) (n.1145) nsects occid. | mam.** | pinea causes
MSRM-1 71.1 28.9 6.3 2.5 2.5 14.5 3.1
MSRM-2 44.8 55.2 4.5 8.0 1.3 32.0 9.4

PNM 70.9 29.1 7.5 3.2 15.6 24 0.4

Averagetsd | 62.4+15.1 37.6+15.1 6.1£1.5 | 4.5£3.0 | 6.4+7.9 |16.3£14.9 | 4.3+4.6

*Insects: Dioryctria sp., Ernobius impressithorax, Pissodes validirostris.
** Small mammals: Dormouse (Glis glis), Squirrel (Sciurus vulgaris).

Total cones: 3045 (Migliarino 1045, Tirrenia 1000, Alberese 1000)
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Figure 1. Main damages observed on 3-yrs old Pinus pinea cones according different
pine forests. (MSRM-1 “Parco Migliarino S. Rossore Massaciuccoli” MSRM-2, Tirrenia;
PNM “Parco Naturale della Maremma”

3.4 Test seed viability. Quality of seeds resulted quite variable after visual
assessment and TZ test. Seeds discarded were about 35% from apparently healthy
cones and raised up to 55% and 64% from partially injured and injured cones
respectively (Table 6).

Table 6. Percentage of seed losses in healthy and injured cones by D. pinea.

Percentage Seeds from Seeds from Seeds from TOT
of seed losses | healthy cones | partially Injured cones | Injured cones (n2780)
n.
after/ (n.503) (n.1056) (n.1221)
Visual
34,4 50,5 60,9 52,1
assessment
TZ test 0,9 4,6 3,8 3,4
T. losses 35,3 55,1 64,6 55,5

4. DISCUSSION

Due to the losses of seed production several survey activities have been
promoted by Italian local regional governments. In this study, conduced during the
period 2006-2008, mainly supported by the Tuscany region, the surveys showed
that seed losses can be attributed to different causes but mainly to D. pinea, the
fungal parasite which is able to colonize a large amount of cones since the first
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year after their development (up to 64% of 1-yr losses). Later on the fungus can
survive for long time on old cones on the ground under the canopy (up to 80% of
old cones sampled). Large part of these cones, confirming Munck and Stanosz
(2009), produced available inoculum, able to germinate in 6 h at 25°C and able to
infect the new cones generation.

Ranking the most common types of damage on the harvested mature cones, we
found that large part of losses can be attributed to D. pinea, followed by small
mammals and insects, including L. occidentalis. However the occurrence of the
fungus was clearly related with site conditions and was more pronounced in humid
areas whilst was lower in dry forests where insects and small mammals prevailed.

On the basis of this data seed losses related to L. occidentalis were not so
evident. Probably the role of the insect is more dangerous during the early stages of
cone growth and also it remain difficult to be detected on mature cones.
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ABSTRACT

In this study, virulence of 5 Diplodia pinea isolates on Pinus nigra, Pinus brutia, Pinus
sylvestris, Cedrus libani, Abies nordmanniana ssp. bornmiilleriana and Juniperus excelsa
seedlings was investigated. Needle fascicles on terminal and three lateral shoots of each
seedling were removed to create small wounds. Agar plugs with D. pinea mycelia were
placed in the wounds and secured in position with laboratory film. Five seedlings were used
for each species-isolate combination and a randomized complete block design was used in
the trial. Nine weeks later dead shoots, lesion length and fungal growth were recorded.
Dead shoots occurred in almost all isolate—host combinations: the only exceptions were two
isolates on J. excelsa. Within host variation in dead shoot rates among the isolates was low.
However, there was high variation in the mean dead shoot rate among the hosts, with the
highest rate (98.0%) on C. libani, and the lowest (4.0%) on J. excelsa. On C. libani all
isolates caused remarkable lesion, while on the other host species some of the isolates
caused lesion. The average lengths of lesion were 15.72 mm on C. /ibani, 8.12 mm on P.
nigra, 2.4 on P. sylvestris, 1.2 on P. brutia and 0.08 mm on A. nordmanniana ssp.
bornmiilleriana and J. excelsa. Similarly, average linear extension of D. pinea in the shoot
tissues was high on C. libani and Pinus spp. and low on J. excelsa. The results indicate high
virulence of D. pinea on C. libani and P. nigra.

Keywords: Pathogenicity, Pinus nigra, Pinus brutia, Pinus sylvestris, Cedrus libani,
Abies nordmanniana ssp. bornmiilleriana, Juniperus excelsa

1- INTRODUCTION

Diplodia pinea (Desm.) Kickx. (=Sphaeropsis sapinea (Fr.) Dyko & Sutton) has
a worldwide distribution and causes the disease known by the common name of
Diplodia tip blight of pine (Stanosz et al., 1996). The fungus can affect the trees
from early to older ages causing shoot blight, twig blight, dead top, sap stain, root
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disease and cankers on stems and branches (Brookhouser and Peterson, 1971;
Peterson, 1977) and can have devastating effects on various conifers when it is
associated with stress-inducing factors (Sinclair et al., 1987; Swart et al., 1987,
Chou and Mackenzie, 1988; Nicholls and Ostry 1990; Stanosz et al., 2001).

Although diseases caused by the fungus are usually on trees under stress,
healthy trees, especially nursery seedlings can also be infected (Palmer and
Nichols, 1985). Pinus species are the most common hosts of the fungus, but Abies
Mill., Chamaecyparis Spach., Cupressus L., Larix Mill.,, Picea A. Dietr.,
Pseudotsuga Carriere and Thuja L. species are among hosts of the pathogen
(Punithalingam and Waterston, 1970; Swart and Wingfield, 1991). Previous studies
reported significant interactions among host species, environmental factors and the
virulence of the isolates (Swart and Wingfield, 1991; Blodgett and Stanosz, 1997;
Adams et al., 2002; Blodgett and Bonello, 2003).

Two different S. sapinea morphotypes have been described and are referred to
as A and B (Palmer et al., 1987; Smith and Stanosz, 1995; de Wet et al., 2000;
Burguess and Wingfield, 2001). While D. pinea is accepted name for morphotype
A, morphotype B has been recognized as Diplodia scrobiculata J. de Wet, B.
Slippers & M. J. Wingfield (de Wet et al., 2003). It is reported that they differ in
morphology, cultural characteristics and aggressiveness against host plants (Smith
and Stanosz, 1995; Blodgett and Stanosz, 1997; Blodgett and Bonello, 2003).

Eventhough D. pinea was recorded sixteen years ago for the first time on Pinus
pinea and Pinus pinaster (Unligil and Ertas, 1993), very little is known about the
distribution and the damage of the disease by far in Turkey (Dogmus- Lehtijarvi,
et al. 2007). Studies carried out in the western part of Taurus Mountains located in
the Mediterranean part of Turkey, in Isparta province showed that D. pinea was the
main agent of the shoot blight of Calabrian pines (Pinus brutia Ten.) (Dogmus-
Lehtijarvi et al., 2007). The aim of this study was to determine the pathogenicity of
D. pinea isolates obtained from P. brutia showing shoot blight symptoms, on 6
conifer species, under field conditions.

2- MATERIALS AND METHODS

Five-year-old potted Pinus nigra Arnold, Pinus brutia Ten, Pinus sylvestris L.,
Cedrus libani A. Rich., Abies nordmanniana ssp. bornmiilleriana Mattfelt
seedlings obtained from Eskisehir and Balikesir forest nurseries and 3- year-old
Juniperus excelsa Bieb seedlings obtained from Egirdir forest nursery were used as
the plant materials. Fungal materials were the five D. pinea isolates obtained from
the Calabrian pine (P. brutia) shoots showing blight symptoms in Asagi-Gokdere
location of Isparta province, Turkey. The isolates were confirmed as D. pinea by
Glen Stanosz, (Department of Plant Pathology, University of Wisconsin-Madison,
personal communication) using species-specific primers (Smith and Stanosz 2006).
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Pathogenicity trial was carried out in the campus area of Siileyman Demirel
University, during October-November, 2007. The D. pinea isolates were grown on
PDA (Merck) at 24°C in the dark, for one week. Four wounds of 2 x 2 mm were
made approximately 2 cm below the shoot apex, on one terminal and three lateral
shoots of each seedling, removing a needle fascicle by a scalpel and agar plugs
with D. pinea mycelia cut from the actively growing culture were placed mycelia-
side-down on the wounds (Blodget and Stanosz, 1997). Wounds were then
wrapped with parafilm. Non-colonized agar plugs were placed on control
seedlings. Five seedlings were used for each species-isolate combination and a
randomized complete block design was used in the trial. Seedlings were incubated
under field conditions for 9 weeks. Average temperature in October was 14.4°C
(maximum up to 28.2 °C, minimum 0.8 °C) and in November 7.4 °C (maximum up
to 22.9 °C, minimum -10°C). Average relative humidity was 58 % in October and
76 % in November. The seedlings were regularly irrigated and controlled for
characteristic disease symptoms. Dead shoots were recorded.

At the end of the inoculation period, inoculated terminal and lateral shoots were
cut 15 cm below the inoculation point and brought to the laboratory. Based on the
color changes on the shoots and needles, lesion sizes were measured. Then the
needles on the shoots were removed and the shoots were cut into 1 cm long
segments, from the inoculation point to the cut end of the shoots. The segments
were surface sterilized by keeping them 10 seconds in 96 % ethyl alcohol and 4
minutes in 1 % NaOCI and dried between sterile paper towels. They were then
placed on petri plates with 2.5 % bacto agar and 0.05 % tannic acid, 5 segments per
plate, in a clockwise serial order.

The plates were incubated at room temperature for 4 weeks and examined under
stereomicroscope for the presence of D. pinea colonies growing from the segments.
Dead shoot rate, lesion length and fungal growth data obtained for each tree
species-isolate combination were statistically analyzed by using SPSS program.

3- RESULTS

Susceptibility of the tree species to D. pinea and the virulence of the D. pinea
isolates among those host species were different from each other. Dead shoots were
observed in all isolate-host combinations, except for P047 and P097 isolates on J.
excelsa. Considering the dead shoot rates, within host variation of the isolates was
low, while host species had high variation. The highest rate was on C. [libani
(98.0%), followed by P. nigra (51.0%) and P. brutia (31.9%). Dead shoot rates
were low on Abies (16.0%), P. sylvestris (12.8%) and J. excelsa (4.0%) (Figure 1).
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Figure 1. Dead shoot rates of five tree species inoculated with five D. pinea isolates.

On C. libani all isolates caused remarkable lesion, while on the other host
species only 1-3 of the isolates caused lesion. The length of lesion ranged from
12.4 to 21.4 mm on C. libani and from 9.0 to 18.6 mm on P. nigra, while on the
other hosts the length did not exceed 6.0 mm (Figure 2).

There was a significant correlation ( r= 0.53, p< 0.01) between length of
lesion and linear fungal extension on all host-isolate combinations. Average
length of the lesion was greater than average fungal extension in all host species
including all isolates of the fungus ( Table 2, Figure 3). The average fungal
extension was found 27.6 mm on P. nigra, 24.0mm on P. brutia, 18.4mm on C.
libani, 164 mm on P. sylvestris and 8.4 mm on A. nordmanniana
bornmiilleriana. Similar to length of lesion , average fungal extension was the
lowest on J. excelsa (1.6 mm). Control seedlings did not show any symptoms of
disease.
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Figure 2. Length of lesions of five tree species inoculated with five D. pinea isolates.
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Figure 3. Average fungal extension and length of lesion caused by D. pinea.
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Table 1. Linear extension of D. pinea in the shoots of five tree species inoculated with
different isolates (mm).

Tree Isolates

species T008 T029 P047 T081 P097 Control  Averages
An.bor. 6.0 Bab | 80 Ba | 10.0BCa | 10.0ABCa | 8.0Ba 0.0Ab | 8.4AB

C. libani 120AB b | 340A a | 140Bb | 200ABab | 120Bb | 0.0Ac | 184BC
J. excel. 20 Ba 20 Ba | 20Ca | 20Ca 0.0Ca 0.0Aa | 1.6A

P. brutia 200Aab | 380A a | 200Bab | 240Ab | 180ABab | 0.0Ac | 24.0 BC
P. nigra 220 Aabe | 22.0ABabe | 540Aa | 60BCbe | 340Aab | 00Ac | 27.6C
P.syl. 120ABab | 8.0 Bbc | 280ABa | 240Aab | 10.0Babc | 0.0 Ac | 16.4 ABC

Means in the same column followed by the same uppercase letter and means in the same row
shown by the same lowercase letter were not significantly different from each other according to
Duncan’s Multiple range test (P=0.05)

4- DISCUSSION

Inoculations with the five D. pinea isolates resulted in necrotic needles and dead
shoot tips on the tested coniferous tree species, showing high virulence on C. libani
and P. nigra and low on 4. nordmanniana ssp. bornmiilleriana and J. excelsa.
Even though most of the coniferous tree species have been tested for their
sensitivity to S. sapinea sensu lato (s.l.) (Chou, 1976; Brookhouser, 1971; Blodgett
and Stanosz, 1997; Flowers, 2001; Blodgett and Bonello, 2003; Luchi et al., 2007;
Munoz et al., 2007) this is the first study mentioning the high susceptibility of C.
libani to D. pinea isolates.

The time of the inoculation significantly affects the relative aggressiveness of
the fungus. (Literatiir). The results of the experiment indicate that D. pinea were
pathogenic on tested conifer tree species, especially on C. libani and Pinus spp.
However, inoculations with most of the fungal isolates resulted in little or no
measurable symptoms on shoots of J. excelsa and A. nordmanniana in October and
November when the experiment was carried out. To confirm these results it may be
necessary to repeat the experiment during spring when the conditions are much
more favorable for the natural spread of the fungus.

Blodgett and Stanosz (1997) indicated that the wound inoculation technique
provides a reproducible method for comparing the aggressiveness of the isolates
belonging to different species of the fungus but, they did not found this method
reliable for comparing the aggressiveness of the isolates within the species. In the
present experiment, the same technique was used to find out the susceptibility of
the host species to the disease, and similarly, there were no significant differences
between the five isolates on any of the tree species. Blodgett and Stanosz (1997)
conducted the inoculation experiments also with conidial suspensions to be able to
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understand the penetration capacity of the fungus to the healthy tissue. Also in the
present study more realistic results of the virulence of the isolates could have been
obtained by spraying the seedlings with conidial suspensions.

Virulence of S. sapinea s.l. isolates on pine varies depending on several factors,
such as ecological and climatic conditions, season, species of the fungus and where
the experiment takes place (Swart and Wingfield, 1991; Blodgett and Stanosz,
1997). It is also known that S. sapinea s.1. is able to live without typical symptoms
in its latent phase (Stanosz et al., 1997; Flowers et al., 2001; 2003; Stanosz et al.,
2005; Maresi et al., 2007). In that sense, it is important to have knowledge about
the latent infections in nurseries and forest stands. D. scrobiculata was not found in
the area where the isolates used in the present experiment were collected. As the
isolates of D. pinea were directly obtained from pycnidia located on diseased
shoots, instead of isolating from host tissues, only the frequently fruiting species
could be found. Since the asymptomatic persistence of the fungal species in the
host tissues is important for their wide distribution, a study focusing in latent
infections is needed to shed light on the Diplodia-species composition on the local
tree species and their infection potential.
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ABSTRACT

Shoot blight can be a very costly disease for coniferous forests as it results in defoliation
and reduced growth. In this study, some of the site and stand characteristics of a Pinus
brutia Ten. stand infected with Diplodia pinea (Desm.) Kickx has been investigated.
Blight occurrence was investigated for two different years, and also some soil and foliar
nutrients were determined. Our results showed that at the first sapling time in 2006, 18 out
of 90 shoot samples had infection, while in 2008 this number fell down to 5 out of 90
samples. Results for soil analysis generally indicated somewhat poor site conditions. On
average, soil had sandy clay loam texture, reaction was 7.72 and organic matter content was
moderate with 3.84 percent. However, soil had a coarse fraction up to 62 % indicating
relatively poor nutrition. Similarly, foliar nutrient levels also showed poor site quality.
Overall, needle N concentration was lower than 1 %, indicating N deficiency on these sites.
These poor site conditions and extreme droughts may have played a role in development of
the shoot blight in these stands.

Keywords: Diplodia pinea, Pinus brutia, drought, nutrients

1. INTRODUCTION

Pinus brutia Ten. is the most commonly distributed coniferous forest tree
species in Turkey, covering approximately 5.4 million hectares. It can be found at
elevations between sea level and 1500 m. Pinus brutia grows best at elevations of
600-800m, below which very high temperature and demand for evapotranspiration,
and above which cold weather restrict its distribution and growth (Boydak, 2000)

Diplodia pinea (Desm.) Kickx is one of the most common disease agents in
coniferous forests. It causes necrosis on needles, and therefore defoliation and
death of shoots. In turn, it results in reduced growth and substantial economical
losses (Stanosz et al., 2004).

Several studies indicate higher risk of disease if plants are stressed. Especially,
water stress seems to increase the occurrence of this disease. Paoletti et al. (2001)
showed that water stressed Pinus halepensis Mill. seedlings had longer cankers of
Sphaeropsis sapinea sensu lato 5 months after inoculation. Blodgett et al. (1997a)
have also shown that 3-year-old red pine (Pinus resinosa Sol. ex Aiton) seedlings
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had higher S. sapinea infection when the seedlings were subjected to water stress.
Similarly, in a 9—year—old red pine plantation in Wisconsin, trees with lower predawn
water potentials had more severe development of disease (Blodgett et al., 1997b). Also,
nutritional imbalances and alterations of nutrients can affect development of disease
(Stanosz et al., 2004). Blodgett et al. (2005) showed that fertilized red pine trees had
higher foliar N and greater lesion size.

In 2004 and 2005, Diplodia had devastating effect on P. brutia stands on lower
ranges of its distribution area (Lehtijérvi et al., 2007). It caused defoliation of the pines
and reduced growth. In this study, the objectives were to determine the occurrence of
disease on pines and also to determine the site and stand characteristics of this infected
site.

2. MATERIAL AND METHOD

The study site is located in Asagi Gokdere district of Isparta, along the Isparta-
Antalya highway (37° 33" N, 30° 45" E). The altitude is 350 m above sea level and the
distance to the Mediterranean coast is 75 km. The site was planted in mid 1980’s, and
it became somewhat dense over time with natural seeding and lack of tending
operations. Number of trees per hectare was 2100 on average and it reached as high as
2775 on one site. Mean annual precipitation is 1052 mm in Antalya weather station,
and there is almost no rainfall between June and September during the growing season.
Monthly average temperatures range from 0 °C to 23.4 °C, but maximum daily
temperatures can be as high as 41 °C during the summer, indicating very high demand
for evapotranspiration.

For the study, four different treatments with three replications were applied to the
stands to control the disease. These treatments included control, pruning, thinning and
pruning + thinning. Each plot was 20 x 20 m in size. Remains of pruning and thinning
operations were removed from the plots afterwards.

We conducted some measurements to determine the disease rate and site
parameters. These measurements included fungal survey, soil analysis, foliar analysis
and water potential.

2.1. Fungal survey

10 trees were samples from each plot for fungal survey in two different years (2006
and 2008). One dead branch from each tree was cut and the shoots were investigated
under the stereomicroscope for the presence of fungal structures. Samples were also
isolated to identify the fungal species based on conidial and pycnidial morphology.
Number of shoot samples with D. pinea was recorded.

2.2. Soil sampling

Soil samples were taken from 5 points in each plot at 0-20 cm depth. Coarse
material larger than approximately 3 cm in diameter was not included in soil
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samples. Samples were mixed for each plot, sieved to pass 2 mm after air drying,
and physical and chemical properties were determined in laboratory.

2.3. Needle samples

Prior to sampling, every tree was labelled and their health condition was
recorded. Five healthy and 5 unhealthy trees were chosen for foliar sampling in
each plot (Figure 1). 40 fascicles were taken from each tree with a shotgun.
Samples were dried at 70°C for 24 hours. The dry weights were measured and the
needles ground, then chemical analysis was performed for nutrients.

2.4. Plant water potential

We assumed that water potential of the trees may have played a role in
development of this fungal disease. Five trees were chosen in each plot for water
potential measurements. From each tree, representative needle samples were taken
from the bottom 1/3 of the canopy, and needle water potentials were measured with
a pressure bomb. However, the data was not conclusive, so the initial results were
not included here.

Figure 1. Healthy (a) and unhealthy (b) pine needles.

3. RESULTS
3.1. Fungal survey

Since start of the fungal disease in 2004, the rate of the disease has decreased
over time. In 2006, the ratio of samples with Diplodia was 20 %, while in 2008 the
ratio fell down to 5.5 %. As of today, the stand looks quite healthy.

3.2. Soil samples

On average, soil texture was sandy clay loam (Table 1). Soil reaction was relatively
neutral. Organic matter and nutrient concentrations were moderate. However, soil
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organic matter and nutrient contents were low considering that the coarse fraction (up
to 3 cm) was as high as 62 %, and fraction larger than 3 cm in size estimated to be
more than 50 % in some plots.

3.3. Needle samples

Similarly, foliar nutrient levels also showed poor site quality (Table 2). Overall,
needle N concentration was lower than 1 per cent. Usually, less than 1.2 % N indicates
some deficiency and N concentration is usually between 1.4-1.6 % in first quality sites.
There was no significant difference between healthy and unhealthy needles in terms of
nutrient concentrations (Figure 2), however fascicle weight of health needles were
significantly greater (Figure 3).

Table 1. Soil characteristics of the infected stands.

Parameters Mean Std. Error
Sand (%) 50.11 1.958
Silt (%) 27.32 1.297
Clay (%) 22.57 1.570
Coarse faction (%) 34.63 5.664
EC 188.53 8.909
pH 7.72 0.044
Lime (%) 16.08 1.899
Organic matter (%) 3.84 0.116
N (ppm) 1360.33 71.736
P (ppm) 16.38 1.425
K (ppm) 256.17 14.053
Ca (ppm) 8130.92 361.213
Mg (ppm) 248.08 13.118
Na (ppm) 16.47 0.925
Table 2. Foliar characteristics of the infected stands.
Parameters Mean Std. Error
N (%) 0.97 0.024
P (%) 0.13 0.003
K (%) 0.33 0.010
Ca (%) 0.83 0.030
Mg (%) 0.21 0.007
Fe (ppm) 37.24 1.069
Cu (ppm) 3.13 0.197
Mn (ppm) 32.60 3.640
Zn (ppm) 15.00 0.414
B (ppm) 19.07 1.418
Fascicle weight (g) 6.53 0.204
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Figure 2. Nitrogen, phosphorus and potassium concentrations of healthy (h) and
unhealthy (uh) needles in control (C), thinning (T), pruning (P) and thinning plus pruning
(TP) treatments.
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Figure 3. Fascicle weights of healthy (h) and unhealthy (uh) pine needles in control (C),
thinning (T), pruning (P) and thinning plus pruning (TP) treatments.

4. CONCLUSION

Diplodia had some very serious effects on pine stands of Asagi Gokdere region.
The symptoms diminished over the past four years since its first occurrence in this
site. The site characteristics indicated poor site with low nutrients and rocky soil.
Nutrient level in the needles also showed very low levels of N, indicating nitrogen
deficiency. In fact, N levels in needles were almost one half of the one in a healthy
needle. In addition, these stands have received no silvicultural treatments in recent
years and the number of stems in these stands was almost twice as much as it
should be.

Although the site is located in a region which receives approximately 1000 mm
rainfall, most of it is received in winter, and summer droughts are very common.
Temperatures reaching above 40°C during the summer months intensify the effects
of drought, creating a very high demand for evapotranspiration.

These poor site conditions and extreme droughts may have played a role in
development of the shoot blight in these stands. Apparently, the site was both
nutrient and water limited, especially during the growing season. This limitation
was most apparent when the canopy of the stand was investigated. In most areas of
the site, the individual trees had very thin and sparse canopy due to lack of growing
space and site resources to develop healthy crown (Figure 4). Timely and
appropriate silvicultural treatments may reduce the effects of poor soil conditions
and droughts, leading to stronger and more resistant trees beforehand, and better
recovery after an infection.
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Figure 4. Defoliated branches and remaining thin canopy of Pinus brutia infected by
Diplodia pine.
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ABSTRACT

The impact of Sirococcus shoot blight and vitality fertilization on the growth of mature
Norway spruce (Picea abies (L.) Karst.) was studied in a single tree fertilization
experiment, established in autumn 2000. A total of 144 sample trees were selected among
the dominant and co-dominant trees of the 90-year-old Norway spruce stand. Half of the
trees exhibited severe symptoms of Sirococcus shoot blight whereas the other half were
apparently healthy and vigorous. A randomised block design with the factors “slope
section” (lower slope versus upper slope) and “Sirococcus shoot blight” (severely affected
versus healthy trees) was used. Within these blocks sample trees were randomly assigned to
one of the three treatments (dolomitic liming, application of gypsum and kieserite,
unfertilized control). Due to tree mortality caused by bark beetle infestation the
experimental design became unbalanced and therefore final analyses were performed with
the volume growth data of 125 sample trees only. The effects of Sirococcus shoot blight
and fertilization treatments on current annual volume increment were investigated by
analysis of covariance, using the average volume increment of the period 1977-1980 as a
covariate attribute (assuming that tree growth was not yet affected by Sirococcus shoot
blight during this period). Indeed results indicated that Sirococcus shoot blight started in
1981 in the experimental stand and trees with shoot blight symptoms had a significantly
lower increment over the whole period 1981-2006. Sirococcus induced increment reduction
of the nonfertilized trees continuously increased from 7,5 £2,9% in 1981 to 37 + 3,8% by
the year 2000. A significant positive effect of vitality fertilization was only achieved with
the gypsum and kieserite variant from 2002 to 2006. The highest surplus increment was
found in 2004 with 31,6 = 15,2%, calculated as average over the diseased and healthy
group. However, a mitigation of increment loss caused by Sirococcus shoot blight was
statistically significant only for the year 2003.

Keywords: Sirococcus conigenus, Norway spruce, increment reduction, vitality
fertilization
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1. INTRODUCTION

Since the early 1980s shoot blight by Sirococcus conigenus (DC.) P. Cannon &
Minter has caused severe damage on Norway spruce (Picea abies [L.] Karst.) in
some parts of Austria (Fig. 1). Previous studies revealed insufficient Mg and Ca
supply, enhanced N/Mg and N/Ca-ratios in the needles of severely diseased trees
(Anglberger et al., 2003) and demonstrated that application of appropriate
fertilizers mitigated disease severity and promoted tree recovery (Halmschlager et
al., 2007). The present study was carried out in the same individual-tree-
fertilization experiment and aimed to investigate the effect of Sirococcus shoot
blight on growth of mature Norway spruce (for further details see: Huber et al.,
2009).

Figure 1. Severely affected mature Norway spruce.
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2. MATERIAL & METHODS

The experiment was established in a mature Norway spruce stand in Upper
Austria. Two fertilizer treatments and an unfertilized control variant were applied
on a total of 144 dominant or co-dominant trees in a randomized block design
(Fig. 2) in April 2001. Half of the trees exhibited symptoms of Sirococcus shoot
blight (“diseased”), whereas the other trees were “healthy”. The average basal area
increment of the two groups diverged after the year 1980, therefore analysis of
covariance was applied for testing the effects of fertilization and Sirococcus
symptoms on volume increment, using the average of the current annual increment
in the period 1977 to 1980 as the covariate.
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Figure 2. Position of the sample trees within the experimental stand. The tree position is
marked with different symbols for the variants. Trees from the slope position “upper slope”
are found northern to the dotted line. (Figure reprinted from Huber et al. 2009 with
permission from Elsevier.)
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3. RESULTS & DISCUSSION

Tree ring analyses indicated that Sirococcus shoot blight started in 1981 in the
experimental stand and trees with shoot blight symptoms had a significantly lower
increment over the whole period 1981-2006 (data not shown). Sirococcus induced
increment reduction of the nonfertilized trees continuously increased from 7,5 +
2,9% in 1981 to 37 £ 3,8% by the year 2000 (Fig. 3). Results therefore clearly
revealed a volume-growth decreasing effect of Sirococcus shoot blight in mature
Norway spruce, which has been been observed only on young Norway spruce trees
yet (Halmschlager et al., 2000).
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Figure 3. Current annual increment of the unfertilized “diseased” and “healthy” sample
trees, adjusted for the same average current annual increment of 21.0 dm’ in the period
1977 to 1980, and the difference between the current annual increment of “diseased” and
“healthy” trees in percent of the current annual increment of “healthy” trees. The error bars
indicate the standard error of the adjusted means. (Figure reprinted from Huber et al. 2009
with permission from Elsevier.)
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The effect of fertilization on tree volume growth was negative in the first year
after fertilization in both treatments. A positive effect of vitality fertilization was
achieved for the first time 2 years after fertilization with the gypsum and kieserite
variant (Fig. 4). This significant surplus in increment was found from 2002 to 2005
and culminated in 2004 with 32 + 15%, calculated as average over the diseased and
healthy group. The rapid response of the fertilized trees in this treatment can be
explained by the quick plant availability of Ca and Mg from these water soluble
fertilizers. In the dolomitic lime variant a positive effect occurred at first in 2004
on the healthy trees and in 2006 also on the diseased trees.

A significant interaction between Sirococcus symptoms and fertilization with
kieserite + gypsum was found in 2003, where the increment increasing effect by
fertilization was higher for the “diseased” trees. Therefore a possible mitigation of
Sirococcus-induced increment losses by fertilization can be suggested.
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ABSTRACT

Sphaeropsis sapinea sensu lato is a conifer fungal pathogen that causes mainly shoot
blight and stem cankers. Recently, the former S. sapinea has been divided in two new
species, D. pinea and D. scrobiculata. The aim of the study was to evaluate the interaction
between those two fungal pathogens and among them and several fungal endophytes
isolated from healthy shoots of Pinus resinosa and P. banksiana adult trees. Interaction was
evaluated by means of co-inoculations in Red and Jack pine seedling under greenhouse
conditions. Symptom severity (distance below the inoculation site at which necrotic needles
were observed) was recorded after four weeks of incubation and used as response variable.
The results showed D. pinea to be much more aggressive on both hosts than D.
scrobiculata. When both pathogens where inoculated in a single plant, the symptom
development was mainly due to D. pinea. Furthermore, D. scrobiculata showed antagonism
with D. pinea, since when both pathogens co-occurred in a single seedling, symptom
severity caused by D. pinea was lower than that caused when D. pinea acted alone. The
results also suggested that two of the endophytes, Trichoderma atroviride and Rosellinia
subiculata, were able to inhibit the pathogen spreading and therefore they could be
considered biocontrol agents against D. pinea. Further studies would be needed to confirm
biocontrol.

Keywords: Sphaeropsis sapinea, biocontrol, Pinus sp, inoculation.

1. INTRODUCTION

Sphaeropsis sapinea sensu lato is a conifer fungal pathogen of worldwide
distribution which has caused significant economic damage in nurseries,
plantations, and natural stands (Gibson, 1979; Nicholls and Ostry, 1990; Davison et
al., 1991). The parasite can infect most parts of host plants, causing a broad range
of disease symptoms: shoot blight, stem cankers, branch dieback, dead tops, death,
and blue staining of cut wood (Nicholls and Ostry, 1990; Stanosz and Cummings-
Carlson, 1996).
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Two groups, A and B, were distinguished within S. sapinea sensu lato (Palmer
et al., 1987) based on several characteristics such as morphology, growth, virulence
and molecular markers (Palmer et al., 1987; Smith and Stanosz, 1995; de Wet et
al., 2000; Burguess and Wingfield, 2001). Recently, the B group has been
recognized as a distinct species and assigned the name Diplodia scrobiculata J. de
Wet, B. Slippers & M. J. Wingfield (de Wet et al., 2003). At the same time, the A
group was named as Diplodia pinea (Desmaz.) J. Kickx fil. (syn. Sphaeropsis
sapinea (Fr.:Fr.) Dyko & Sutton in Sutton) (de Wet et al., 2003). In terms of
pathogenicity, D. pinea has been shown to be more aggressive than D. scrobiculata
(Blodgett and Stanosz, 1997; Blodgett and Bonello, 2003).

The reported geographic and host ranges of D. pinea and D. scrobiculata are
broad and overlapping. Not only do distributions and hosts overlap, but D. pinea
and D. scrobiculata also are known to occur together. In this sense, both species
have been isolated from individual red pine (Pinus resinosa Aiton.) plantations
(Palmer, 1991; Stanosz et al., 2005) or even from a single tree (Morelet and
Chandelier, 1993) or a single sample (Smith and Stanosz, 2006). Those
experiments stated the potential for intimate association between D. pinea and D.
scrobiculata within host tissues, but relatively little is known about their local co-
occurrence and the implications of this fact for the disease development, and
subsequent survival.

Complete eradication of the pathogen is difficult due to latent infection of
symptomless tissues of apparently healthy trees (Flowers et al., 2001; Stanosz et
al., 2005; Maresi et al., 2007; Stanosz et al., 2007); however, proper control
measures could reduce the spread and virulence of the disease. Among those
measures, the use of biological control is of increasing interest since it provides an
effective and environmentally safer alternative to chemical application. Several
microorganisms, mainly fungi, have been observed to cause ‘systemic induced
resistance’ in the host after their inoculation into the plant, which may prompt a
lower host susceptibility to later infections with D. pinea (Luchi et al., 2005;
Blodgett et al., 2007; Mufioz et al., 2008). On the other hand, several endophytes,
which have been shown to produce secondary metabolites, some of them with
antifungal properties (Tan and Zou, 2001; Schulz et al., 2002), have shown
antagonism with several pathogens and they have been assessed as biological
control agents (Mehrotra et al., 1988; Holdenrieder and Greig, 1998; Roy et al.,
2001). However in the literature, few studies dealing with the use of endophytes as
biological control agents against D. pinea can be found.

Therefore, the main aim of the study was to analyse the effect of D.
scrobiculata and several fungal endophytes, isolated from healthy shoots of Pinus
resinosa and P. banksiana Lamb. (jack pine) adult trees, on the symptom severity
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caused by D. pinea by means of co-inoculations on P. resinosa and P. banksiana
seedlings, with the goal of evaluating their potential role as biological control
agents of Diplodia pinea.

2. MATERIALS AND METHODS
2.1. Plant material

Dormant, 1-year-old jack pine and 2-year-old red pine nursery seedlings were
lifted at the beginning of winter and transplanted into Deepot cones (conical tubes,
6.4 cm wide x 25.4 cm deep; Stuewe & Sons Inc., Corvallis, OR) in a soil mix (1:1
vol/vol) of Plainfield sand (containing 89% sand and 7% silt) from a 24-year-old
red pine plantation in central Wisconsin and Fafard growing mix no. 2 (Conrad
Fafard Inc., Inkerman, New Brunswick, Canada). Red pine seedlings had a mean
stem height of 16.9 cm + 0.3 standard error (SE) and jack pine had a mean stem
height of 26.8 cm + 0.6 SE at the time transplanted. Seedlings were placed in a
greenhouse supplemented with artificial light (maximum recorded ambient
greenhouse photon flux density was 1,560 pmol-s'-m™; supplemental photon flux
density averaged 132 pmol's’-m?) to provide a 16-h photoperiod. The seedlings
were watered to field capacity every 2 to 3 days. The climatic conditions during the
experiments in the greenhouse were: average temperature (T) 30.6° C =+ 0.7 SE,
average relative humidity (RH) 30.0% + 1.5 SE.

2.2. Fungal material

Diplodia mycelia inoculum was produced for two monoconidial isolates of each
species, D. pinea and D. scrobiculata, collected from various pine species and
locations in the north central United States (Table 1). Thirty four endophytes were
isolated from vigorous external twigs located at 1.5 m above ground in the canopy
of 20-30 year old dominant red and jack pine trees. For isolations, needle-free
shoots were surface sterilized by immersion for 30 s in 95% ethanol, and then two
immersions for 2 min each in 1.05% NaClO plus two drops Tween-80 per litre.
This procedure is similar to those routinely used for detection of endophytic fungi
(Bills, 1996). Then, for each shoot, four 5S-mm long plant segments including bark
were cut and plated into a Petri dish containing PDA (Potato Dextrose Agar, 39 g1’
! Difco Laboratories, Detroit, MI) medium and incubated at room temperature for
1 week before examination. Outgrowing colonies were transferred to PDA and
incubated at 24° C. Four endophytes (Table 1) among the total were selected to
perform the experiments based on a preliminary study (data not shown) where the
antagonism between all of them and the
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Table 1: Origin of Sphaeropsis sapinea sensu lato and endophyte isolates used in the
experiments.

Isolate Isolate no.” Species Pine host Geographic origin
P1 411 D. pinea” Pinus resinosa Clearwater Co., MN
P2 04-126 D. pinea” Pinus banksiana Wood Co., WI
S1 124 D. scrobiculata® Pinus banksiana Jackson Co., WI
S2 462 D. scrobiculta® Pinus resinosa Clearwater Co., MN
El 08-08 Not determined Pinus banksiana Jackson Co., WI
E2 08-09 Not determined Pinus resinosa Jackson Co., WI
B3 08-10 Trichoderma aclroviride Pinus resinosa Jackson Co., WI

Karst.
E4 08-13 Rosellinia subiculata Pinus banksiana Jackson Co., WI

(Schwein.) Sace.*

*  Culture collection numbers of M. A. PALMER (3-digit number) or G. R. STANOSZ
(04-xxx).

The isolates were previously characterized according to the specific primers given by
SMITH and STANOSZ (2006).

The most homologous species given in the GeneBank after introducing the ITS
sequence.

b

C

Diplodia isolates was evaluated in vitro. Identifications of these four endophytes
were carried out by obtaining the ITS region sequence and later comparison with
the GeneBank. The fungal DNA was extracted directly from mycelia previously
grown in PDB (Potato Dextrose Broth, 39 g-1", Difco Laboratories, Detroit, MI) by
using the slightly modified method of Gilbertson et al. (1991) outlined in Smith
and Stanosz (1995). The extracted DNA was amplified using ITS1 and ITS4
primers, and the entire region containing both internal transcribed spacers (ITS)
was sequenced by the University of Wisconsin Biotechnology Center on an
Applied Biosystems 3730XL DNA sequencer.

2.3. Interaction between D. pinea and D. scrobiculta experiment

The elongating, asymptomatic terminal shoot of each seedling was inoculated in
the greenhouse approximately 11 weeks after transplanting in the case of red pine,
and 6 weeks in jack pine. On each shoot, two wounds (in the opposite sides of the
shoot) were made by removing a needle fascicle per side (by a sterile scalpel cut
flush to the stem) approximately 2 cm below the shoot apex. Inoculations were
made by placing fungus-side-down a 4-mm-diameter plug, cut from the margin of
an actively growing culture on PDA (Potato Dextrose Agar, 39 gl', Difco
Laboratories, Detroit, MI), on each of the two wounds. In the controls, seedlings
were inoculated with sterile PDA in both wounds. Another five nonwounded
seedlings for each host were incorporated in the experiments as additional controls
but those were not included in the statistical analyses. Parafilm (American National
Can Co., Chicago, IL) was wrapped around the shoots for 7 days. Five seedlings
per treatment combination (isolate and fungal species; Table 1) were used in each
of two trials separated by two weeks. Thus, for each tree species were inoculated
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five seedlings per each one of the following treatments: 1) P1+S1, 2) P1+S2, 3)
P2+S1, 4) P2+S2, 5) P14+P1, 6) P2+P2, 7) S1+S1, 8) S2+S2, and 9) Agar A+A.
Then, a total of 45 seedlings per trial and tree species were inoculated. All
treatments were assigned randomly. Four weeks after inoculation, the distances
below the inoculation site at which necrotic needles and cankers were present were
measured (symptom severity). Most of the seedlings were carried to the lab and, by
means of a molecular analysis with specific primers (Smith and Stanosz, 2006), the
presence of D. pinea or/and D. scrobiculata was verified in order to assure they
were the causal agents of the necroses.

2.4. Interaction between D. pinea and several endophytes experiment

This experiment was carried out on 1-year-old jack pine seedlings. Shoots were
inoculated as explained above, although D. pinea was inoculated 2 cm below the shoot
apex and the endophyte 5 cm below the shoot apex. The endophytes were inoculated
one week before the Diplodia inoculation. Two types of controls were used: seedlings
inoculated with sterile PDA instead of the endophyte into the lowest wound (D+PDA)
and seedlings nonwounded in the lower part (D). Other nonwounded seedlings were
incorporated in the experiments as additional controls but those were not included in
the statistical analyses. Five seedlings per treatment combination (D. pinea isolate and
endophyte species) were used in each of two trials separated by two weeks. Thus, a
total of 60 seedlings were double-inoculated per trial and considered in the analysis.
All treatments were assigned randomly.

Two and four weeks after inoculation, the distances below the site inoculated with
D. pinea isolates at which necrotic needles and cankers were present (symptom
severity) were measured. At the end of the experiment, 40% of the seedlings were cut
and carried to the lab where, after needles were removed, cross sections, 1 cm long,
centered at 0, 1.5, and 3 cm from the site inoculated with Diplodia, were aseptically cut
and surface disinfected as described above. Each of the three cross sections was
transferred to a PDA plate and incubated for 1 week at 25°C and light. The presence of
Diplodia isolates and endophyte species in the plates was recorded.

2.5. Statistical analysis

Symptom severity was analyzed by two-factor analysis of variance with
interaction. Factors used as main effects were treatment and trial. Fisher’s least
significant difference (LSD) test was used for multiple comparison among
treatments by means of the General Linear Model Procedure of SAS (Statistical
Analysis Software v. 9.1.3, SAS Institute Inc., Cary, NC) when significant
differences were found in the ANOVA table. The In (x+1) transformation of the
response variable was used to stabilize the residual variance, although back-
transformed values are presented in tables and figures for clarification.
Assumptions of normality and homoscedasticity were assured by Kolmogorov-
Smirnov and Levene’s tests respectively. In the endophyte experiment, since
symptom severity was recorded at two and four weeks after inoculation, a repeated
measurements analysis was also applied by means of Repeated Procedure of SAS,
to test the effect of time on the symptom severity.
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3. RESULTS
3.1. Interaction between D. pinea and D. scrobiculta experiment

Inoculated seedlings of both tree species produced symptoms similar to those
reported for seedlings in field and nursery studies, including necrotic needles, stem
cankers, and crooked and dead shoot tips. Symptoms were observed in 100% of the
seedlings inoculated with D. pinea, in 60% of the seedlings inoculated with D.
scrobiculata and in 95% of the seedlings inoculated with both pathogens. No
symptoms developed on wounded or nonwounded controls of any of the two hosts.
In jack pine, the two-factor analyses of variance of the symptom severity (distance
below the inoculation site at which necrotic needles were present) indicated a
significant effect of the treatment (F = 50.75, p < 0.01), but not of the trial (F =
1.92, p = 0.170). Thus, the multiple comparison of the treatments was performed
with the pooled data of the two trials.

In jack pine, symptom severity was greater on seedlings inoculated with isolates
of D. pinea than on seedlings inoculated with isolates of D. scrobiculata (Figure 1).
Symptom severity on seedlings inoculated with the isolate S2 of D. scrobiculata
was not significantly different from that on control seedlings. It was observed that
symptom severity also differed between the two isolates of D. pinea. On seedlings
inoculated with the most aggressive isolate (P1), there were not statistical
differences in the symptom severity between seedlings inoculated only with P1 and
those inoculated with P1 in combination with either isolate of D. scrobiculata
(Figure 1). However, on seedlings inoculated with the less aggressive isolate of D.
pinea (P2), the co-occurrence of both fungal species in the seedling significantly
reduced symptom severity in comparison to that caused by P2 when it was
inoculated alone (Figure 1).
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Figure 1: Mean symptom severity (distance below the inoculation site at which necrotic
needles were present) for each treatment on jack pine seedlings. Averages with the same
letter are not significantly different according to Fisher's least significant difference (LSD)
test at a significant level of 0.05. Vertical bars indicate Standard Error.
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In the case of red pine seedlings, two-way ANOVA of the symptom severity
showed a significant effect of the treatment (F = 15.89, p < 0.01), the trial (F =
16.29, p < 0.01), but not of their interaction (F = 0.34, p = 0.88). Therefore,
multiple comparison was performed separately for each trial (Figure 2). As in the
case of jack pine, isolates ranked in the same order in relation to their
aggressiveness, although in general terms, symptom severity was lower in red pine
than in jack pine. In red pine, it was also observed that the presence of either isolate
of D. scrobiculata in the seedling reduced the symptom severity caused by either
isolate of D. pinea (except in trial 1 for P2 isolate), although in red pine, the
differences between treatments were not so evident (Figure 2). Molecular analyses
indicated that symptom severity was caused mainly by D. pinea. D. scrobiculata
was only detected in the proximities of the inoculation site.
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Figure 2: Mean symptom severity (distance below the inoculation  each trial on red
pine seedlings. Averages with the same letter are not significantly different according to
Fisher’s least significant difference (LSD) test at a significant level of 0.05. Vertical
bars indicate Standard Error.

3.2. Interaction between D. pinea and several endophytes experiment

Jack pine seedlings inoculated with D. pinea isolates also produced symptoms
similar to those reported above. No symptoms developed on nonwounded controls.
After 2 weeks, the two-factor analyses of variance of the ‘necrosis length’ (distance
below the inoculation site at which necrotic needles were present) indicated a
significant effect of the ‘treatment’ (F = 4.24, p < 0.01), the trial (F = 6.53, p =
0.012), but not of the interaction (F = 1.41, p = 0.18). The two-factor ANOVA of
the ‘necrosis length’ caused by Diplodia isolates after 4 weeks showed that only
the ‘treatment’ effect was significant (F = 2.91, p < 0.01). Only the ‘Time’ effect
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influenced the ‘treatment’ effect (interaction time*treatment: F = 3.94, p < 0.01).
LSD test showed the inoculation with endophytes 08-10 and 08-13 to produce a
significantly lower symptom severity caused by the second isolate (p2) of D. pinea
after 2- and 4-weeks of incubation but only when compared with the control
seedlings non-wounded in the lower part (Fig. 3). However, those fungi did not
cause reduced symptom severity when compared with those caused by Diplodia on
the controls wounded in the lower part and inoculated with PDA instead of
endophyte mycelia (Controls PDA). For the most aggressive isolate of D. pinea
(the pl isolate), no endophyte was able to reduce significantly the symptom
severity caused by Diplodia (Fig. 3). Re-isolation percentages of each fungus can
be observed in Table 2.
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Figure 3: Mean necrosis length caused by the D. pinea for each endophyte treatment
after 2 (figure a) and 4 weeks (figure b) of incubation. Averages with the same letter are
not significantly different according to Fisher's least significant difference (LSD) test at
a significant level of 0.05. Vertical bars indicate Standard Error. ‘Control’ was not
wounded 5 cm below the apex; and ‘Agar’ was a control wounded and inoculated with
agar 5 cm below the shoot apex.
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Table 2: Re-isolation percentage of each fungal species from the seedlings where they had
been inoculated.

Cross section®

Isolate

Initial Mid Final
P1 100% 85% 55%
P2 100% 60% 40%
08-08 0% 0% 0%
08-09 0% 0% 0%
08-10 0% 25% 81.3%
08-13 0% 0% 6.3%

? - Initial: 1-cm cross section including the Diplodia inoculation site;
Mid: 1-cm cross section between both inoculation sites; Final: 1-cm cross
section including the endophyte inoculation site.

4. DISCUSSION

Inoculations with D. pinea isolates resulted in greater severity of symptoms
than inoculations with D. scrobiculata isolates on seedlings of red and jack pine.
This result agrees well with those stated in previous studies (Blodgett and Stanosz,
1997; 1999) which used a similar inoculation technique on the same or different
host seedlings. However, in Blodgett and Stanosz (1997) D. scrobiculata was more
aggressive in jack pine and D. pinea in red pine. In our study, although results are
not statistically comparable since they were obtained in separated experiments,
jack pine appeared to be the most susceptible host for both fungal species.

The molecular analysis confirmed that, when both pathogens were inoculated in
the same seedling, D. pinea was mainly responsible for the necrosis length
observed in the seedlings. This fact was consistent with the greater aggressiveness
shown by D. pinea. In general terms, when both species were inoculated in the
same seedling, symptom severity observed was lower than that recorded when D.
pinea was inoculated alone. This fact suggests a potential antagonism between both
pathogens when they co-occurred in the same plant tissue. This may have very
important implications, because it is already known D. pinea and D. scrobiculata
occur together in nature. In this sense, both species have been isolated from
individual red pine plantations (Palmer, 1991; Stanosz et al., 2005) or even from a
single tree (Morelet and Chandelier, 1993) or a single sample (Smith and Stanosz,
2006). Therefore it would be very interesting to develop further studies to
investigate whether where both pathogens co-occur in those plantations, the disease
incidence caused by Diplodia is lower than in plantations where just one pathogen
is present.
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However, this result should be taken cautiously because the reduction of the
symptom severity caused by D. pinea when D. scrobiculata was also present, was
not always statistically significant. One possible explanation for this lack of
significance could be related to the great variability recorded between the
repetitions. This great variation could be a consequence of the natural presence of
both pathogens, in a latent state, in the plant material used in the experiments.
Latency has already been described in previous studies as a very common state for
Sphaeropsis sapinea sensu lato (Stanosz et al., 1997; Flowers et al., 2001; 2003;
Stanosz et al., 2005; Maresi et al., 2007), which was isolated from asymptomatic
plant tissues in a percentage range of 20-85%. Even in the present study, D. pinea
and D. scrobiculata occurred asymptomatically in several of the non inoculated
seedlings (data not shown). Despite this natural presence of the pathogen in the
seedlings of our experiments, control seedlings did not become diseased and did not
show any symptom of the disease. This result was predictable since it has been
proposed by several authors that activation from this latency to a pathogenic state may
take place under different conditions of stress (Stanosz et al., 1997; Smith et al., 2002);
and seedlings used in the present study were grown in optimal conditions. However in
the case of inoculated seedlings, the fungal spreading and colonization may cause
stress to the plant that could activate the latent infections of the pathogen, if present. In
such cases, the symptom severity recorded could be overestimated.

In general terms, when two of the endophytes, 08-10 and 08-13, were also
inoculated in the seedling, symptom severity casused by the D. pinea isolates was
lower than that recorded when D. pinea was inoculated alone. This fact suggests a
potential antagonism between those two endophytes and D. pinea when they co-
occurred in the same plant tissue. However, that reduction of the symptom severity
caused by D. pinea was only statistically significant on the less aggressive isolate
of D. pinea (p2). Endophytes have been demonstrated to be suitable candidates as
biological control agents, as they seem to be part of the defence system of trees
(Barklund and Unestam, 1988; Ranta et al., 1995) and have already been shown to
be antagonistic to many fungal pathogens, including Diplodia spp. (Holdenrieder
and Greig, 1998; Roy et al., 2001; Campanile et al., 2007).

Among the endophytes used in the present study, isolate 08-10 was identified as
Trichoderma atroviride Karst. Since the potential of this genus as a biocontrol
agent of plant pathogens was first recognized in the early 1930s (Weindling, 1932),
continuous studies have demonstrated the effectiveness of this species in the
biological control against a number of plant pathogenic fungi, including Diplodia
spp., on several forest hosts (Knudsen et al., 1991; Mousseaux et al., 1998;
Campanile et al., 2007; Schubert et al. 2008). T. atroviride is a mycoparasite
which, once it recognizes and attacks the fungal host, uses it’s nutrients killing the
host before or just after invasion (Chet et al., 1998). The endophyte 08-13, which
was also able to reduce the symptom severity caused by Diplodia on pine
seedlings, was identified as Rosellinia subiculata (Schwein.) Sacc. This fungal
endophyte has been shown to produce sordarin, which is an antibiotic with
antifungal properties against a number of plant pathogenic fungi (Bills et al., 2002).
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This fact is in agreement with a preliminary assay carried out in the present study
for the endophyte selection, where R. subiculata was observed to produce a reddish
compound on PDA culture media that inhibited strongly Diplodia growth on
contact with mycelium.

Among the three types of interaction between antagonistic organisms proposed
by Adams (1990), competition, antibiosis and hyperparasitism, the former could be
the most important mechanism acting for D. scrobiculata, although antibiosis could
be also acting since S. sapinea sensu lato has been shown to produce metabolites
with antifungal activity (Cabras et al., 2006). For T. atroviride hyperparasitism
may be the main process involved in the reduction of symptom severity caused by
D. pinea in most of the cases. This is corroborated with the fact that in the 92.8%
of the seedlings where T. atroviride was re-isolated, D. pinea isolates were not able
to cause necroses farther than the site inoculated with the endophyte. In the case of
R. subiculata it seems clear that the type of interaction involved in the antagonism
would be antibiosis as expressed above.

Systemic induced resistance (SIR) is a host defense mechanism which has also
been proposed by several authors (Blodgett et al., 2007; Mufioz et al., 2008) to
explain why inoculations with D. scrobiculata and other fungal endophytes
reduced the symptom severity on seedlings inoculated later with D. pinea. In such
studies, those fungi were inoculated several weeks before inoculating with D.
pinea, because plants need some time to produce the defensive action. Therefore,
the reduction of symptom severity caused by D. pinea when D. scrobiculata is also
inoculated into the same seedling at the same time, as it is our case, could not be
explained by this mechanism of SIR. In the case of the endophytes, however, those
were inoculated one week before the D. pinea inoculation. Therefore, SIR could be
implicated in the reduction of the symptom severity caused by D. pinea when
endophytes had been previously inoculated into the plant. This is consistent with
the fact that in the present study the reduction in the symptom severity caused by
D. pinea when endophytes were also inoculated into the seedlings, was only
significant when compared with the controls non-wounded in the lower part, but it
was not with those wounded and inoculated with PDA plugs. This fact may
indicate that wounding could activate that defensive mechanism. This mechanism
has been already shown to occur after wounding without any later fungal
inoculation in several important components in pine resistance such as resin flow
(Luchi et al., 2005). Nevertheless, this is in disagreement with the results obtained
by other authors who indicated that wounding alone does not induce SIR in the
case of Pinus nigra Arn. (Blodgett et al., 2007) or in P. radiata D. Don. (Bonello et
al., 2001).

In conclusion, the results presented here suggested that, when both D. pinea and
D. scrobiculata co-occurred in a single plant, the symptom development was
mainly due to D. pinea. Furthermore, D. scrobiculata and two of the endophytes
tested (the isolate 08-10 of Trichoderma atroviride and the isolate 08-13 of
Rosellinia subiculata) showed some antagonism to D. pinea, since, when both
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fungi co-occurred in a single seedling, symptom severity caused by D. pinea was
lower than that caused when D. pinea was acting alone (at least this happened with
the less aggressive isolates of D. pinea).

Acknowledgements

This research was partially supported by a grant provided by the Ministry of
Culture and Science of Spain (Program: José Castillejo) and by the Department of
Plant Pathology of the University of Wisconsin-Madison. We are also very grateful
to the Wisconsin Department of Natural Resources for seedlings, and JoAnne
Stanosz and Lea Gardiner for technical assistance. The attendance of Oscar
Santamaria to the meeting was co-funded by the regional government of
Extremadura (Consejeria de Economia, Comercio e Innovacion de la Junta de
Extremadura) and by the European Regional Development Fund (ERDF).

5. REFERENCES

Adams, P.B., 1990. The potential of mycoparasites for biological control of plant diseases. Annual
Review of Phytopathology 28, 59-72.

Barklund, P., Unestam, T., 1988. Infection experiments with Gremmeniella abietina on seedlings of
Norway spruce and Scots pine. European Journal of Forest Pathology 18, 409-420.

Bills, G.F., 1996. Isolation and analysis of endophytic fungal communities from woody plants. /n:
Redlin, S.C., Carris, L.M. (Eds.) Endophytic fungi in grasses and woody plants:
systematics, ecology and evolution. APS Press, Saint Paul, Minnesota. pp. 31-65.

Bills, G.F., Dombrowski, A.-W., Horn, W.S., Jansson, R.K., Rattray, M., Schmatz, D., Schwartz, R.E.,
2002. Rosellinia subiculata ATCC 74386 and fungus ATCC 74387 for producing sordarin
compounds for fungi control. Merck & Co., Inc. Rahway, NJ (USA). Patent no 6436395.
http://www.freepatentsonline.com/6436395.html

Blodgett, J.T., Bonello, P., 2003. The aggressiveness of Sphaeropsis sapinea on Austrian pine varies
with isolate group and site of infection. Forest Pathology 33, 15-19.

Blodgett, J.T., Stanosz, G.R., 1997. Sphaeropsis sapinea morphotypes differ in aggressiveness, but
both infect nonwounded red or jack pines. Plant Disease 81, 143-147.

Blodgett, J.T., Stanosz, G. R, 1999. Differences in aggressiveness of Sphaeropsis sapinea RAPD
marker group isolates on several conifers. Plant Disease 83, 853-856.

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 Physiology 27, 511-517.

Bonello, P., Gordon, T.R., Storer, A.J., 2001. Systemic induced resistance in Monterey pine. Forest
Pathology 31, 99-106.

Burguess, T., Wingfield, M. J., 2001. Simple sequence repeat markers distinguish among
morphotypes of Sphaeropsis sapinea. Applied and Environmental Microbiology 67, 354-
362.

Cabras, A., Mannoni, M.A., Serra, S., Andolfi, A., Fiore, M., Evidente. A., 2006. Occurence,
isolation and biological activity of phytotoxic metabolites produced in vitro by
Sphaeropsis sapinea, pathogenic fungus of Pinus radiata. European Journal of Plant
Pathology 115, 187-193.

82



SDU ORMAN FAKULTESI DERGISI

Campanile, G., Ruscelli, A., Luisi, N., 2007. Antagonistic activity of endophytic fungi towards
Diplodia corticola assessed by in vitro and in planta tests. European Journal of Plant
Pathology 117, 237-246.

Chet, 1., Benhamou, N., Haran, S., 1998. Mycoparasitism and lytic enzymes. In: Harman, G.E.,
Kubicek, C.P. (Eds.). Trichoderma and Gliocladium, vol. 2. Taylor & Francis, London,
pp. 153-171.

Davison, E.M., Tay, F.C.S., Peroni, D., 1991. Sphaeropsis sapinea on pines in Western Australia.
Australasian Plant Pathology 20, 31.

de Wet, J., Burgess, T., Slippers, B., Preisig, O., Wingfield, B.D., Winfield, M.J., et al., 2000.
Characterization of Sphaeropsis sapinea isolates from South Africa, Mexico and
Indonesia. Plant disease 84, 151-156.

de Wet, J., Burgess, T., Slippers, B., Preisig, O., Wingfield, B. D., Winfield, M.J., et al., 2003.
Multiple gene genealogies and microsatellite markers reflect relationships between
morphotypes of Sphaeropsis sapinea and distinguish a new species of Diplodia.
Mycological Research 107, 557-566.

Flowers, J., Hartman, J., Vaillancourt, L., 2003. Detection of latent Sphaeropsis sapinea infection in
Austrian pine tissues using Nested-Polymerase Chain Reaction. Phytopathology 93, 1471-
1477.

Flowers, J., Nuckles, E., Hartman, J., Vaillancourt, L., 2001. Latent infection of Austrian and Scots
pine tissues by Sphaeropsis sapinea. Plant Disease 85, 1107-1112.

Gibson, .A.S., 1979. Diseases of Forest Trees Widely Planted as Exotics in the Tropic and Southern
Hemisphere. Part II. The Genus Pinus. Commonwealth Mycological Institute, Kew, Eng.

Gilbertson, R.L., Rojas, M.R., Russell, D.R., Maxwell, D.P., 1991. Use of the asymmetric polymerase
chain reaction and DNA sequencing to determine genetic variability of bean golden
mosaic geminivirus in the Dominican Republic. Journal of General Virology 72, 2843-
2848.

Holdenrieder, O., Greig, B.J., 1998. Biological methods of control. /n: Woodward, S., Stenlid, J.,
KarjalaineN, R., Hiittermann, A.; Heterobasidium annosum: Biology, Ecology, Impact
and Control. Oxon, UK. CAB International, pp. 235-258.

Knudsen, G.R., Eschen, D.J., Dandurand, L.M., Bin, L., 1991. Potential for biocontrol of Sclerotinia
sclerotiorum through colonization of sclerotia by Trichoderma harzianum. Plant Disease
75, 466-470.

Luchi, N., Ma, R., Capretti, P., Bonello, P., 2005. Systemic induction of traumatic resin ducts and
resin flow in Austrian pine by wounding and inoculation with Sphaeropsis sapinea and
Diplodia scrobiculata. Planta 221, 75-84.

Maresi, G., Luchi, N., Pinzani, P., Pazzagli, M., Capretti, P., 2007. Detection of Diplodia pinea in
asymptomatic pine shoots and its relation to the Normalized Insolation index. Forest
Pathology 37, 272-280.

Mehrotra, R., Aneja, K., Gupta, A., Aggerwal, A., 1988. Fungi-agents of biological control. /n:
Mukerji, K. G.; Garg, K. L. Biocontrol of plant diseases. Vol. 1. CRC Press, Boca Raton,
Fla., pp. 37-52.

Morelet, P.M., Chandelier, P., 1993. Sur un cas de variabilité chez Sphaeropsis sapinea. European
Journal of Forest Pathology 23, 317-320.

Mousseaux, M.R., Dumroese, R.K., James, R.L., Wenny, D.L., Knudsen, G.R., 1998: Efficacy of
Trichoderma harzianum as a biological control of Fusarium oxysporum in container-
grown Douglas-fir seedlings. New Forests 15, 11-21.

83



SDU Faculty of Forestry Journal

Muiloz, Z., Moret, A., Garcés, S., 2008. The use of Verticillum dahliae and Diplodia scrobiculata to
induce resistance in Pinus halepensis against Diplodia pinea infection. European Journal
of Plant Pathology 120, 331-337.

Nicholls, T.H., Ostry, M.E., 1990. Sphaeropsis sapinea cankers on stressed red and jack pines in
Minnesota and Wisconsin. Plant Dis. 74, 54-56.

Palmer, M.A., 1991. Isolate types of Sphaeropsis sapinea associated with main stem cankers and top-
kill of Pinus resinosa in Minnesota and Wisconsin. Plant Disease 75, 507-510.

Palmer, M.A., Stewart, E.L., Wingfield, M.J., 1987. Variation among isolates of Sphaeropsis sapinea
in the North Central United States. Phytopathology 77, 944-948.

Ranta, H., Neuvonen, S., Ylimartimo, A., 1995. Interactions of Gremmeniella abietina and
endophytic fungi in shoots of Scots pine trees treated with simulated acid rain. Journal of
Applied Ecology 32, 67-75.

Roy, G., Bussiéres, G., Laflamme, G., Dessureault, M., 2001. In vitro inhibition of Heterobasidion
annosum by Phaeotheca dimorphospora. Forest Pathology 31, 395-404.

Schubert, M., Fink, S., Schwarze, F.W.M.R., 2008. Evaluation of Trichoderma spp. as a biocontrol
agent against wood decay fungi in urban trees. Biological Control 45, 111-123.

Schulz, B., Boyle, C., Draeger, S., Rommert, A. —K.; Krohn, K., 2002. Endophytic fungi: a source of
novel biologically active secondary metabolites. Mycological Research 106, 996-1004.

Smith, D.R.; Stanosz, G.R., 1995. Confirmation of two distinct populations of Sphaeropsis sapinea in
the north central United States using RAPDs. Phytopathology 85, 699-704.

Smith, D.R., Stanosz, G.R., 2006. A species-specific PCR assay for detection of Diplodia pinea and
D. scrobiculata in dead red and jack pines with collar rot symptoms. Plant Disease 90,
307-313.

Smith, H., Wingfield, M.J., Coutinho, T.A., 2002. The role of latent Sphaeropsis sapinea infections in
post-hail associated dieback of Pinus patula. Forest Ecology and Management 164, 177-
184.

Stanosz, G.R., Cummings-Carlson, J., 1996. Association of mortality of recently planted seedlings
and established saplings in red pine plantations with Sphaeropsis collar rot. Plant Dis. 80,
750-753.

Stanosz, G.R., Smith, D.R., Albers, J.S., 2005. Surveys for asymptomatic persistence of Sphaeropsis
sapinea on or in stems of red pine seedlings from seven Great Lakes region nurseries.
Forest Pathology 35, 233-244.

Stanosz, G.R., Smith, D.R., Leisso, R., 2007. Diplodia shoot blight and asymptomatic persistence of
Diplodia pinea on or in stems of jack pine nursery seedlings. Forest Pathology 37, 145-
154.

Stanosz, G.R., Smith, D.R., Guthmiller, M.A., Stanosz, J.C., 1997. Persistence of Sphaeropsis
sapinea on or in asymptomatic shoots of red and jack pines. Mycologia 89, 525-530.

Tan, R.X., Zou, W.X., 2001. Endophytes: a rich source of functional metabolitos. Natural Products
Rep. 18, 448-459.

Weindling, R., 1932. Trichoderma lignorum as a parasite of other soil fungi. Phytopathology 22, 837—
845.

84



SDU Faculty of Forestry Journal
Serial: A, Number: Special Issue, Year: 2009, ISSN: 1302-7085, Page: 85-92

ADELGID GALLS ON SPRUCE AS A RESERVOIR INOCULUM
SOURCE FOR THE SHOOT BLIGHT PATHOGEN Diplodia pinea

Glen R. STANOSZ ' Denise R. SMITH ', S. ZHOU >

! Department of Plant Pathology and *Genomics Center of Wisconsin, University of Wisconsin-
Madison, WI, 53706, USA

* grs@plantpath.wisc.edu

ABSTRACT

Diplodia pinea is a shoot blight and canker pathogen of many conifers and sporulates
on killed needles, stems, and mature, opened seed cones. Although Colorado blue spruce
(Picea pungens) is an atypical host, pycnidia of this fungus were observed on galls induced
by the Cooley spruce gall adelgid (4Adelges cooleyi). The elongate, cone-like galls that
form on ends of shoots as a result of feeding by nymphs of this insect normally do not
seriously impact tree health, but they can be considered unsightly. A survey was conducted
to determine the incidence and abundance of inoculum of D. pinea that could be obtained
from these galls on an otherwise healthy, ornamental Colorado blue spruce in Madison, WI,
USA. Ten arbitrarily selected galls were collected from one branch at each of four
directions in the top, middle, and bottom thirds of the tree crown (120 galls total). A
washing and filtration technique was used to determine presence and estimate the numbers
of conidia extracted from these galls, and species-specific PCR primers were used to
confirm the identity of the pathogen. Conidia were obtained from each gall, but the number
of spores varied greatly from gall to gall. Some galls yielded few spores, a result that
suggests these conidia may have been produced elsewhere. In contrast, many thousands of
spores were obtained from galls on which pycnidia were abundant. Thus, in the absence of
usual host trees, insect-altered organs of an atypical host can be an alternative substrate for
this pathogen and a reservoir inoculum source of D. pinea.

Keywords: spruce, Picea, gall, Adelges, Diplodia, inoculum

1. INTRODUCTION

Elongate, cone-like galls form on ends of shoots of several Picea A. Dietr.
species as a result of feeding by nymphs of the Cooley spruce gall adelgid (4delges
cooleyi Gillette) (Cumming, 1959; USDA Forest Service, 1985). This insect is
native to North America and transcontinental in distribution. Primary hosts include
Colorado blue spruce (P. pungens Engelm.), Englemann spruce (P. englemannii
Parry ex Englem.), Sitka spruce (P. sitchensis (Bong.) Carriére), and white spruce
(P. glauca (Moench) Voss. Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) is
an alternate host. Similar galls are induced by the eastern spruce gall adelgid
(Adelges abietis L.), which was introduced from Europe and is now found in
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eastern North America on native spruce species and on Norway spruce (Picea
abies (L.) H. Karst). Although sometimes numerous, these galls normally do not
seriously impact spruce health. They are, however, considered unsightly on trees
grown as ornamentals or as Christmas trees.

Although a single host species can support multiple generations of the Cooley
spruce gall adelgid, its complex life cycle normally involves alternation between
spruce and Douglas-fir hosts. The life history of this insect has been described in
detail by Cumming (1959) and summarized by the USDA Forest Service (1985).
Immature females overwinter as nymphs on the most recent year’s twigs of spruce.
After emergence and maturation in spring, the “stem-mother” deposits up to 350
eggs covered by a mass of white, waxy secretion. Eggs hatch in 1 to 2 weeks, and
nymphs feed at bases of new needles on the elongating shoots. Young, green to
purple, fleshy galls develop rapidly, elongating (up to 75 mm) and expanding in
girth (up to 18 mm) to enclose the feeding nymphs. By late summer galls open to
allow nymphs to move to needles where they molt into winged adults that fly to
Douglas-fir. On Douglas-fir the adelgid is able to reproduce parthenogenically and
sexually, overwinter as nymphs, and develop a winged stage that returns to spruce.
Although feeding occurs on Douglas-fir, galls similar to those on spruce are not
produced on this host.

Diplodia pinea (Desmaz.) J. Kickx fil. (syn. Sphaeropsis sapinea) is a widely
distributed, asexual fungal pathogen of conifers in native forests and where
planted as exotics (Punithalingam and Waterston, 1970). Reports of severe
damage caused by D. pinea most frequently involve pines (Pinus species),
especially two- and three-needled pines of the subgenus Diploxylon. However, the
fungus occasionally has been reported from spruce hosts or substrates (Farr et al.,
1989; Punithalingham and Waterston, 1970). Rain-splashed conidia of D. pinea
can be dispersed throughout the growing season (Palmer et al., 1988) and
germinate quickly followed by penetration directly (Brookhouser and Peterson,
1971; Chou, 1978) or through wounds. Disease may develop rapidly, or D. pinea
may persist on or in asymptomatic hosts (Stanosz et al., 2005) with subsequent
proliferation to cause disease under conditions that induce host stress (Stanosz et
al., 2001). Damage includes seed rot and seedling collar rot, shoot blight, branch
and bole cankers, crown wilt, and blue stain of sapwood (Chou, 1976; Chou, 1987
Palmer, 1991; Rees and Webber, 1988; Stanosz and Cummings Carlson, 1996).
Diplodia pinea is frequently found sporulating on needles and stems it has killed,
and also on mature, opened seed cones (Waterman, 1943; Peterson, 1977).

Close examination of galls of the Cooley spruce gall adelgid from an
ornamental Colorado blue spruce revealed presence of pycnidia on the galls (and
attached needles) (Figure 1) that yielded D. pinea conidia. The objective of this
study was to examine the frequency of occurrence and amount of potential
inoculum of this pathogen from galls induced by the Cooley spruce gall adelgid.
Procedures used were modified from those developed by Munck and Stanosz
(2009) for water extraction of conidia from seed cones of pines.
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Figure 1: Abundant pycnidia of Diplodia pinea on a gall induced by the Cooley spruce
gall adelgid.

2. MATERIAL AND METHODS

Galls were collected in summer from a single mature Colorado blue spruce tree
(approximately 12 m tall) growing as an ornamental on the University of
Wisconsin-Madison campus (43.07 N, 89.40 W). Shoots on this tree did not
exhibit symptoms attributable to D. pinea. Two ornamental Austrian pines (Pinus
nigra Arnold) that were damaged by shoot blight and bore D. pinea pycnidia on
shoots and cones were located within approximately 20 m. The galls that were
collected had matured to release nymphs the previous year and were dead. Ten
arbitrarily selected galls were collected from one branch at each of the four
cardinal directions in the top, middle, and bottom thirds of the tree crown (120
galls total). Galls were bagged separately and frozen until extraction of conidia.

Galls were processed individually using procedures similar to those described
for pine cones by Munck and Stanosz (2009). Each gall was placed in a 100 ml
plastic beaker containing 50 ml of distilled water with 2 drops of Tween 80 1"
(Fisher Scientific Company, Fair Lawn, NJ) and washed for 3 h on a rotary shaker
at 110 rpm. The resulting suspension was then filtered through 0.8 um pore size
filters printed with a grid to delineate 3 mm x 3 mm squares (Cat. No.:
AAWGO047SP, Millipore Corporation, Billerica, MA). The cup with the gall then
was rinsed with an additional 50 ml of distilled water with Tween and this liquid
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also was filtered. The filter for each gall was examined with the aid of a microscope
for presence or absence of conidia recognized as those of D. pinea based on
morphological characteristics. For three randomly selected galls from each branch,
conidia were counted in five compound microscope fields randomly located within the
filtered area at magnifications of 40 to 200x. Lower magnification was used for filters
with relatively few conidia and higher magnification (i.e., smaller fields) was used for
filters with many conidia. The number of conidia in five fields was multiplied by
respective factors to adjust for total filtered area. Galls were then oven dried and
weighed to also allow expression of conidial numbers on the basis of oven dry weight
(odw).

To confirm pathogen identity, 12 filters (corresponding to four galls from each third
of the tree crown) on which numerous conidia had been deposited were selected. A
piece of the filter approximately 5 mm x 5 mm was excised and placed in a
microcentrifuge tube. This was ground and then DNA was directly extracted using
methods described by Smith and Stanosz (1995). DNA was amplified using species-
specific primers developed by Smith and Stanosz (2006) that allow differentiation of
D. pinea from the similar conifer pathogen D. scrobiculata.

3. RESULTS AND DISCUSSION

Every gall yielded conidia morphologically consistent with those of D. pinea,
although the estimated numbers of conidia obtained varied widely. The range per gall
was from 176 to 1,099,695 (mean = 249,599, standard error = 57,756). The range per
gram odw was from 169 to 3,447,320 (mean = 462,691, standard error = 120,975).
The numbers of galls categorized according to the estimated numbers of conidia
extracted from each (for the 36 for which conidia were quantified) are displayed in
Figure 2. For the majority of galls, this number was >10* conidia on both per gall and
per gram odw bases.

Figure 2: Numbers of Cooley spruce gall adelgid galls categorized by the
estimated number of conidia extracted per gall.
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The identity of the pathogen was confirmed as D. pinea. Eleven of the 12 filters
that were tested were positive for this fungus. The test of one filter produced no
result. No filters tested positive for D. scrobiculata.

The estimated numbers of conidia extracted from galls (when expressed on the
per gram odw basis) often were within the range or even greater than numbers
reported by Munck and Stanosz (2009) for pine cones. In that study, cones from
which D. pinea (or less frequently D. scrobiculata) were cultured were collected
from the crowns of red pines (P. resinosa Aiton) and jack pines (P. banksiana
Lamb.) in which typical shoot blight symptoms were not apparent. The greatest
mean number of conidia extracted per gram odw for any of these locations was
23,181, for cones from red pine crowns. The large numbers of conidia obtained
from Cooley spruce gall adelgid galls indicate that, at least in this case, inoculum
production by D. pinea is not limited by its exploitation of an atypical host as
substrate.

Previous researchers have noted a diversity of relationships between D. pinea
and insects or host material altered by insects. Epidemics characterized by severe
damage to Scots pine (P. sylvestris L.) in Ontario was associated with injuries
resulting from feeding of the pine spittle-bug (Aphrophora parallela Say) (Haddow
and Newman, 1942). In contrast, Feci et al. (2003) found D. pinea only
infrequently on red pine shoots damaged by insects, primarily the red pine shoot
moth Dioryctria resinosella Mutuura. Other studies provide evidence that the cone
bug Gastrodes grossipes De Geer has a role in movement of this fungus to cones of
Austrian pine (Feci et al., 2002) and support the conclusion that the bark beetle Ips
pini (Say) may vector D. pinea (Whitehill et al., 2007).

Researchers also have noted a previous relationship between an apparent
disease and adelgid galls on spruce. Audley and Skelly (1994) noted the
occurrence of necrotic twigs of red spruce (Picea rubens Sargent) that bore galls of
the eastern spruce gall adelgid. A Phomopis Harter species was isolated from 14 of
33 dying, adelgid-galled twigs. This fungus was used to inoculate seedlings, and
produced cankers in 29% of the attempts.

Documentaton of the sporulation of D. pinea on insect altered, necrotic spruce
tissues does not clarify the potential confusion about the ability of this fungus to
infect and kill normal spruce shoots under natural conditions. Although spruces
are included on lists of trees on which D. pinea has been reported (Farr et al., 1989;
Punithalingam and Waterston, 1970) such sources do not provide details necessary
to know if the fungus was causing disease or merely was present saprophytically.
Interpretation of reports of D. pinea from spruces is further complicated by current
knowledge that past references to D. pinea sensu lato may have referred to either of
two species (i.e., D. pinea or the similar fungus D. scrobiculata that was described
by deWet et al., 2003). For example, Myren (1991) attributed killing of stems and
branches of stressed black spruce (P. mariana (Mill.) B. S. P.) in an Ontario seed
orchard to D. pinea (as S. sapinea). However, isolates later collected from black
spruces at that seed orchard and each of four other Ontario seed orchards all were
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proven to be D. scrobiculata (Hausner et al., 1999). Blodgett and Stanosz (1999)
did demonstrate the ability of well-characterized isolates of D. pinea and D.
scrobiculata to kill shoots of small, potted Colorado blue spruce seedlings
following wounding and inoculation in a greenhouse experiment. But the relative
lack of reports of damage to spruces, even when grown in the same locations where
more susceptible species are attacked (e.g., red pine in the Great Lakes region of
the USA) suggests that spruce species are infrequent hosts, or perhaps not often
severely damaged by D. pinea. Unambiguous identification of the Diplodia
species associated with disease symptoms of spruces should allow a better
understanding of the relationships between these fungi and Picea species.

Regardless of possible ambiguity in the status of D. pinea as a potential
pathogen of spruce, galls of the Cooley spruce gall adelgid serve as a substrate.
The production of a very large number of conidia on any individual gall is
magnified by the potential for a single spruce crown to bear many hundreds of
galls. This utilization of galls by D. pinea to produce very large numbers of
conidia confirms that, in the absence of normal disease development, altered
tissues on an atypical host tree species can be a potentially significant reservoir
inoculum source for this pathogen.
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ABSTRACT

In many parts of Europe common ash, Fraxinus excelsior, is presently affected by a
serious dieback of shoots, twigs and branches, causing decline and mortality of trees of all
age classes. Initially thought to be primarily incited by abiotic damaging factors,
accumulating evidence suggests that ash dieback is a new infectious disease caused by the
hyphomycete Chalara fraxinea and its teleomorphic state, Hymenoscyphus albidus. In
Austria, ash dieback was first observed in 2005 and in 2008 it occurred in all Austrian
provinces. In heavily affected forests mortality is common amongst saplings and young
trees. Moreover, in some areas dying of mature trees has started to occur. Chalara fraxinea
was for the first time recorded in Austria in June 2007. Subsequent surveys have shown that
the pathogen is widespread in the country. Until June 2009 it was isolated from
symptomatic ash trees at 82 localities in eigth out of the nine Austrian provinces. Apart
from F. excelsior, C. fraxinea was isolated from narrow-leaved ash, F. angustifolia subsp.
danubialisand from weeping ash, F. excelsior ‘Pendula’. Chalara fraxinea was consistently
isolated at high frequencies from ash shoots, twigs and stems showing early symptoms of
disease. In inoculation experiments using potted F excelsior and F. angustifolia seedlings,
Kochs postulates were fulfilled for C. fraxinea, clearly suggesting that this fungus is the
primary causal agent of ash dieback. It also displayed pathogenicity to Fraxinus ornus
seedlings. Besides reviewing the situation of ash dieback in Austria and summarizing the
results of some of our research since 2007, we generally review the knowledge on this
emerging disease in Europe, describe its symptoms, present a hypothetic disease cycle for
ash dieback and discuss options for disease management.

Keywords: Hymenoscyphus albidus, Fraxinus excelsior, Fraxinus angustifolia subsp.
danubialis, emerging disease, fungal disease, new forest health problem
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1. INTRODUCTION

Since the early 1990s common ash, Fraxinus excelsior, has been affected by an
unprecedented, serious dieback of shoots, twigs and branches, causing decline and
mortality of trees of all age classes. Ash dieback was first noticed around 1992 in
Poland (Kowalski and Holdenrieder, 2008), where it has been causing serious
damage (Przybyt, 2002; Kowalski, 2006; Kowalski and Holdenrieder, 2008). It was
subsequently recorded in many other European countries and threatens common
ash in large parts of its distribution range. By 2009 ash dieback has been reported
to occur in Lithuania (Lygis et al., 2005), Latvia (T. Gaitnieks, personal
communication), Estonia (M. Hanso and R. Drenkhan, personal communication),
arca Kaliningrad (Russia, R. Vasaitis, personal communication), Danmark
(Thomsen et al., 2007; Skovsgaard et al., 2009), Sweden (Bakys et al., 2009a;
2009b), Norway (Talge et al., 2009), Finland (J. Hantula, personal
communication), Germany (Schumacher et al., 2007), Slovakia (A. Kunca,
personal communication), Czech Republic (Jankovsky et al., 2008), Austria (Cech,
2006b; Halmschlager and Kirisits, 2008; Kirisits et al., 2008a; 2008b; 2009),
Hungary (Szabo, 2008), Slovenia (Ogris et al., 2009), Rumania (D. Chira, personal
communication), Switzerland (Engesser et al., 2009) and eastern France
(Chandelier et al., 2009; Ioos et al., 2009) It can be expected that this emerging
forest health problem will in the future also occur in other parts of Europe, where it
has thus-far not been found.

Initially, ash dieback was suspected to be primarily incited by abiotic damaging
factors (frost, drought and abrupt changes of periods with warm and cold weather
conditions), with secondary, weakly virulent fungal pathogens and endophytes
contributing to the syndrome (Przybyl, 2002; Pukacki and Przybyl, 2005; Cech,
2006b; Cech et al., 2007). This view changed with the discovery and description of
the anamorphic fungus Chalara fraxinea that was in Poland frequently isolated
from shoots in the early phase of the pathological process (Kowalski, 2006). In the
meanwhile, C. fraxinea has been detected in many of the above mentioned
countries and accumulating evidence suggests that it is the cause of ash dieback
(Schumacher et al., 2007; Halmschlager and Kirisits, 2008; Szabo, 2008; Kowalski
and Holdenrieder, 2009a; Talge et al., 2009; Bakys et al., 2009a; 2009b; Engesser
et al., 2009; Ogris et al., 2009; Kirisits et al. 2009; Chandelier et al., 2009; Ioos et
al., 2009).

Because of the sudden appearance, the rapid spread and the high intensity of ash
dieback, C. fraxinea was thought by some forest pathologists to be an alien
invasive organism (Halmschlager and Kirisits, 2008; Kirisits and Halmschlager,
2008; Kowalski and Holdenrieder, 2008; Ogris et al., 2009). However,
Hymenoscyphus albidus, a discomycete native to Europe has recently been
identified as the teleomorph of C. fraxinea (Kowalski and Holdenrieder, 2009b).
This ascomycete fungus has been known since 1850 as harmless decomposer of
leaf rachises (referred to as leaf petioles by Kowalski and Holdenrieder [2009b] but
we think that ‘leaf rachis’ is the more appropriate botanical term) of common ash
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and it is unknown, why this fungus suddenly causes a serious, emerging disease on
F. excelsior (Kowalski and Holdenrieder, 2009b). Kowalski and Holdenrieder
(2009b) proposed that the fungus they assigned to the morphospecies H. albidus
may have undergone genetic change by mutation or hybridization with an unknown
introduced species. Another possibility is that the teleomorph of C. fraxinea is not
the ‘original’ H. albidus, but an exotic invasive species, that is morphologically
virtually identical to H. albidus. Finally, the fungus may show unprecedented
aggressiveness towards ash because of environmental factors or/and weather
extremes, that could either have predisposed the host trees to fungal attack or
provided ideal conditions for fungal infections (Kowalski and Holdenrieder,
2009b). These three theories are the conceptual basis for future research regarding
the question what triggered the epidemic of H. albidus and its anamorphic state C.
fraxinea.

Ash dieback is presently amongst the most important forest health problems in
Austria. Here we review the situation of this emerging disease in this Central
European country. We also summarize some research that has been conducted
since 2007, present a hypotheticAL disease cycle for ash dieback and discuss
options for disease management.

2. ASH SPECIES IN AUSTRIA

Three ash species are native in Austria including common ash, Fraxinus
excelsior, also known as European ash, narrow-leaved ash, F. angustifolia subsp.
danubialis and flowering ash, F. ornus (Adler et al., 1994). While European ash is
widespread on appropriate sites in many parts of the country (Schadauer, 1994), the
two other species are at the edge of their distribution ranges in Austria and are thus
rare (Adler et al., 1994; Zukrigl, 1997).

With a share of 2.5% (based on the number of trees) and 1.8% (based on the
growing stock) ash species are the third most frequent group of hardwood species
in managed forests in Austria (Table 1). All three species are included in the
relative proportions reported in Table 1, but the vast majority of the share of
Fraxinus spp. refers to F. excelsior. Based on the growing stock only European
beech (Fagus sylvatica) and oak species (mainly Quercus petraea and Quercus
robur) occur more frequently than Fraxinus spp. and based on the number of trees
F. sylvatica dominates amongst hardwood species, while European hornbeam
(Carpinus betulus) is slightly more frequent than ash. The share of ash in the nine
Austrian provinces is shown in Table 1. Ash is particularly abundant in the
provinces Upper Austria, Lower Austria, Vorarlberg and Vienna and occurs least
frequently in the province Tyrol that is to a large extent located in areas of the Alps
that are inappropriate for the growth of F. excelsior.
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Table 1: Share (%) of ash, based on number of trees and based on growing stock in
managed forests in the nine Austrian provinces and in entire Austria. The data include all
three ash species native in Austria, but the vast majority is F. excelsior, while the
proportions of F. angustifolia and F. ornus are negligible. Source: Austrian Forest
Inventory 2000-2002, Federal Research and Training Centre for Forests, Natural Hazards
and Landscape (BFW), Department of Forest Inventory
(http://bfw.ac.at/rz/bfwcms.web?dok=35).

Austrian province Based on number of trees Based on growing stock
Burgenland 2.1 1.2
Carinthia 1.7 1.0
Lower Austria 3.4 2.9
Salzburg 2.0 1.1
Styria 1.6 1.2
Tyrol 0.4 0.1
Upper Austria 5.2 3.7
Vienna 9.4 7.5
Vorarlberg 4.6 2.2
Austria total 2.5 1.8

Common ash has its optimum on moist, nutrient-rich sites, but in areas with
limestone as geological bedrock it can also occur on drier sites (Mayer, 1984). It is
mainly found from the lowlands up to elevations of 900 m asl. (Schadauer, 1994,
Nationalpark Kalkalpen, 2007) In the Alps it rarely occurs at elevations higher than
1200 m asl. (Mayer, 1984; Schadauer, 1994; Nationalpark Kalkalpen, 2007).
Fraxinus excelsior occurs in a large number of forest types. It is a characteristic
component of floodplain forests along big rivers, forests along streams and in
glens, but also occurs in other hardwood-dominated forests on moist and
sometimes drier sites (Jelem, 1974; Mayer, 1974; 1984; Nationalpark Kalkalpen,
2007). For forest owners managing riparian forests, along the Danube for example,
common ash is usually the most economically important timber species (Jelem,
1974). In many areas, especially on sites at lower elevations it has received much
attention for the production of valuable timber and as an alternative to Norway
spruce (Picea abies) (Wolf and Jasser, 2003). It is also important for various
ecosystem services, for example stabilization of riverbanks and slopes (Mayer,
1984). Moreover, F. excelsior is an attractive and appreciated landscape tree in the
countryside and shade tree in urban areas. Due to its nutrient-rich foliage it was the
most preferred tree species for lopping in the Alps, providing fresh or dry fodder
for cattle, sheep and other domestic animals.

Narrow-leaved ash, Fraxinus angustifolia subsp. danubialis (hereafter referred
to just as ‘F. angustifolia’), is mainly distributed in lowland areas of south-eastern
Europe. In eastern Austria it reaches one of its distribution limits and is therefore
rare (Jelem, 1974; 1975; Adler et al., 1994; Zukrigl, 1997). It forms part of riparian
forest ecosystems along the lower reaches of the rivers March, Danube, Fischa
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(province Lower Austria) and Leitha (provinces Lower Austria and Burgenland)
(Jelem, 1974; 1975; Adler et al., 1994; Zukrigl, 1997). Hybrids between
F. angustifolia and F. excelsior have been reported to occur in areas in Austria,
where the distribution ranges of the two species overlap (Jelem, 1974; 1975).
While it is mainly a botanical curiosity and of interest for nature conservation, this
ash species is an economical important timber species in floodplain forests along
the March (Jelem 1975; Damm, 1997).

Flowering ash mainly occurs in southern and south-eastern Europe, but its
natural distribution range just reaches southern Austria (Mayer, 1974; Adler et al.,
1994; Zukrigl, 1997). It is mainly found in southern and eastern Carinthia (Adler et
al., 1994), where it usually occurs on steep, rocky, warm and dry sites on limestone
(Zukrigl, 1997). Together with European hop-hornbeam, Ostrya carpinifolia,
F ornus often forms dense bush forests on such sites (Mayer et al., 1974; Zukrigl,
1997). Apart from Carinthia, flowering ash also occurs in other Austrian provinces
(Eastern and Northern Tyrol, Styria, Lower Austria and Burgenland), where it is
generally rare (Adler et al., 1994; Zukrigl, 1997). Most of the occurrences in these
provinces are likely not native, but F. ornus has become naturalized in some areas
(Zukrigl, 1997). This ash species has no importance for forestry in Austria, but is
of interest for nature conservation, as it forms part of rare and ecologically valuable
forest types. It is occasionally used as shade and ornamental tree and planted in
shelterbelts (Zukrigl, 1974).

Green ash (F. pennsylvanica) and white ash (F. americana), two introduced
species from North America are occasionally planted as ornamentals (Adler et al.,
1994). Some decades ago they also received some interest as plantation trees in
floodplain forests, but as their growth potential and timber quality did not fulfill the
expectations of foresters they are presently no longer planted. Fraxinus
pennsylvanica has become naturalized in some riparian areas, especially in those
along the lower reach of the Danube and the March (Essl and Rabitsch, 2002). It is
therefore considered as alien invasive species in Austria (Essl and Rabitsch, 2002;
Essl et al., 2006).

3. SYMPTOMS OF ASH DIEBACK

The symptoms of ash dieback share characteristics of a bark disease, a vascular
wilt disease and a leaf disease (Figure 1 and 2; Thomsen et al., 2007; Halmschlager
and Kirisits, 2008; Kirisits et al., 2008a; 2008b; Kowalski and Holdenrieder, 2008;
Szabo, 2008; Bakys et al., 2009b; Engesser et al, 2009; Kirisits and Cech, 2009;
Kirisits et al., 2009; Ogris et al., 2009). Typical symptoms occur in the bark,
phloem and wood of shoots, twigs, branches and stems as well as on leaves of ash
trees. Necrotic lesions and wood discoloration can also extend into the roots, from
where the fungus infects coppice sprouts, but the disease clearly starts at above-
ground parts of the tree (Kowalski and Holdenrieder, 2008).
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Figure 1. A stand of common ash severely affected by shoot, twig and branch dieback
(Laussa, Upper Austria, July 2007).

The most obvious symptom is dieback of shoots, twigs and branches (Fig. 1).
Shoot dieback is caused by localized necrotic lesions that initially are small, but as
they expand they girdle the phloem and sapwood occlusion occurs, too. When
phloem girdling and sapwood occlusion take place in winter time, shoots do not
flush in spring, however, when they happen during the vegetation period,
simultaneous wilting of leaves above the lesions occurs (Fig. 2A). Leaves then dry,
turn brown to black and remain attached to the shoots for a long time. Elongated,
often elliptical necrotic lesions and cankers in the bark are characteristic symptoms
of ash dieback (Fig. 2B and 2C). These lesions either form around a dead side twig
(Fig. 2B) or occur around a leaf scar (Fig. 2C). On larger shoots, twigs, branches as
well as on younger stems, the tree often defends itself against the pathogen attack,
at least for some time, leading to perennial cankers.
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Necrotic lesions and cankers are usually accompanied by brownish to grayish
discoloration of the wood (Fig. 2D) that frequently extends longitudinally beyond
necrotic areas in the bark. Diseased trees react with prolific formation of epicormic
shoots and the silhouettes of heavily affected trees look tousled and distorted
(Fig. 1). Chalara fraxinea also causes symptoms on leaves, resulting from direct
leaf infections (Kirisits et al., 2008b; Ogris et al., 2009; Bakys et al., 2009b). These
symptoms include brown to blackish necrotic lesions on leaf rachises and leaflet
veins, followed by wilting of parts of the leaves distal to the necrotic lesions. Early
leaf shedding is often a consequence of these leaf symptoms.

4. ASH DIEBACK IN AUSTRIA

In Austria, first unambiguous observations of ash dieback were made in 2005,
mainly on young trees (Cech, 2006a; 2006b). From 2006 to 2007 damage levels
increased dramatically, particularly in the provinces Lower and Upper Austria as
well as Styria (Cech and Hoyer-Tomiczek, 2007; Hagen, 2007; Fachabteilung
Forstwesen-Forstdirektion, 2009). In 2008 the phenomenon was widespread and
symptoms were observed in all Austrian provinces (Kirisits et al., 2008a; Kirisits
and Cech, 2009).

Prior to the widespread occurrence of dieback of shoots, twigs and branches,
carly leaf shedding on ash trees, occurring already in late August and early
September, was observed in parts of the provinces Lower and Upper Austria in
2005 and Styria in 2006 (Cech, 2005; Hagen, 2005; Fachabteilung Forstwesen-
Forstdirektion, 2009). In the following year, thus in 2006 in Lower and Upper
Austria and in 2007 in Styria, ash dieback was for the first time recorded at high
intensity (Cech, 2006b; Hagen, 2007; Fachabteilung Forstwesen-Forstdirektion,
2009). Originally, this early shedding of F. excelsior leaves was thought to be
caused by powdery mildews (Phyllactinia fraxini) and other microfungi (Cech,
2005). However, as C. faxinea is now known to cause also symptoms on ash leaves
(Thomsen et al., 2007; Bakys et al., 2009b; Kirisits and Cech, 2009; Ogris et al.,
2009), it is likely that the episodes of early leaf shedding in 2005 and 2006 were
the first obvious indications of ash dieback. In 2008 leaf symptoms and early leaf
shedding occurred again, for example in parts of Styria (Fachabteilung Forstwesen-
Forstdirektion, 2009).

Incidence and severity of ash dieback varies considerably in different parts of
the country. It appears to be most serious in the Northern Limestone Alps in the
provinces Lower and Upper Austria, Styria and Salzburg. Likely, there are still
areas, where the disease does not occur, especially in parts of the Alps, where
common ash is present at a low density (Kirisits and Cech, 2009). Apart from
F. excelsior, dieback also occurs on narrow-leaved ash and weeping ash (Fraxinus
excelsior ‘Pendula’), an ornamental variety of common ash (Kirisits et al., 2008a;
2009; Kirisits and Cech, 2009). No symptoms have thus-far been observed on
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F. ornus as well as the exotic F. pennsylvanica and F. americana (Kirisits, 2008;
Kirisits et al., 2008a; Kirisits and Cech, 2009).

The disease occurs on ash trees of all ages, both on natural regeneration and
planted trees and on the entire spectrum of sites and forest types, where ash is
found (Cech, 2008). Ash dieback is damaging on both forest and shade trees and it
also causes serious problems in nurseries, where rearing of healthy ash seedlings
has become difficult, if not impossible. In heavily affected forests mortality is
common amongst saplings and young trees. Moreover, in some areas dying of
mature trees has started to occur. It is expected that the future use of F. excelsior as
economically and ecologically valuable noble hardwood species will be
substantially impaired by this emerging disease.

Figure 2. Symptoms of ash dieback: (A) Wilting of leaves due to girdling of the phloem
and sapwood occlusion, (B) A necrotic lesion in the bark with a small dead twig in the
centre, (C) A necrotic lesionr in the bark with a leaf scar (arrow) in the centre, (D)
Discoloration of the wood.
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A number of surveys are presently underway to obtain more precise information
on the geographical distribution, incidence, severity and temporal development of
ash dieback in Austria. In 2007 and 2008 monitoring plots have been established in
Lower Austria (Cech, 2008) and additional plots in other provinces will be
installed in 2009. On these plots, disease intensity will be monitored on
permanently marked ash trees over the next years. From 2009 onwards the disease
is also included in the ‘Documentation of forest damage factors’ (German:
‘Dokumentation der Waldschddigungsfaktoren — DWF’), a monitoring system that
is based on expert opinions and appraisals of staff of the district forest authorities
(Steyrer et al., 2008). Finally, assessments on the geographical distribution and
incidence of ash dieback will be carried out as part of the ficld work of the Austrian
Forest Inventory.

5. Chalara fraxinea ASSOCIATED WITH ASH DIEBACK IN AUSTRIA

Starting in June 2007, we aimed to examine the role of C. fraxinea in ash
dieback in Austria. Shoots, twigs, branches, stems and leaves of young F. excelsior
trees showing symptoms of the disease were collected in many different parts of
the country. From January 2008 onwards special attention was given to collect only
samples from trees showing early symptoms of ash dieback, particularly shoots
with small, localized necrotic phloem lesions. About 4 to 6 cm long segments,
containing the transition between necrotic and healthy phloem tissues and/or
discolored and healthy xylem were cut from symptomatic ash organs. These
segments were surface sterilized as described by Kowalski (2006). Thereafter, the
outer bark was carefully peeled off and 3 to 10 mm small discs containing wood
and phloem tissues were cut under aseptic conditions and put onto malt extract agar
(MEA; 20 g malt extract, 16g agar, 1000 ml tap water supplemented after
autoclaving with 100 mg streptomycin sulphate). In the earlier isolation series until
January 2008, the outer bark was not peeled off and not discs, but small pieces of
phloem or wood were removed and placed on MEA plates.

Initially the isolation plates were incubated at room temperature (23-25°C), but
from August 2008 onwards they were immediately stored at low temperatures
(approximately +4°C) in refrigerators. At cool temperatures, the growth of many
fungi competing with C. fraxinea is more inhibited than that of C. fraxinea itself.
In addition, phialophore formation of C. fraxinea is greatly enhanced by low
temperatures (Halmschlager and Kirisits, 2008; Kirisits et al., 2008a). Both factors
increase the likelihood to detect the fungus. Chalara fraxinea was identified based
on morphological characteristics (colony morphology, phialophores and conidia;
Kowalski, 2006; Halmschlager and Kirisits, 2008; Kowalski and Holdenrieder,
2008; Kirisits et al., 2008a).

Chalara fraxinea was for the first time isolated in Austria in June 2007, at one
locality in Upper Austria (Edt bei Lambach, 48°06'S1" N, 13°53'29" E) and another
one in Styria (Altaussee, 47°38'34" N, 13°45'36" E) (Halmschlager and Kirisits,
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2008; Kirisits and Halmschlager, 2008). Subsequent surveys have shown that the
pathogen is widespread in the country and apparently occurs everywhere, where
ash dieback is present. Until June 2009 the fungus was obtained from symptomatic
ash trees at 82 localities in eight out of the nine Austrian provinces (Table 1). The
differences in the number of records of C. fraxinea in the various provinces
(Table 1) do not allow inferring about the intensity of ash dieback in various parts
of Austria, but just reflect differences in the intensity of sampling. In the future it is
planned to examine more samples and sites in those provinces, where extensive
collections have thus-far not been conducted, especially in Tyrol, Vorarlberg,
Burgenland and Carinthia

In the early isolation series carried out in 2007 C. fraxinea was rarely isolated,
because samples were mainly collected from ash trees showing relatively late
symptoms of disease. We suppose that on such plant material the slow growing
C. fraxinea is in most cases already outcompeted by fast-growing endophytic and
saprotrophic fungi (Kowalski and Holdenrieder, 2008). However, when isolations
were made from shoots, twigs and stems showing early symptoms of disease,
C. fraxinea was the most consistently and most frequently isolated fungus and in
most cases the only one that was recovered. For example, isolation frequencies of
C. fraxinea at ten localities in six Austrian provinces ranged from 81% to 100% of
the examined shoots and necrotic lesions (Table 2). Overall, the fungus was
obtained from 94% of the samples, from which isolations were made. Isolation of
C. fraxinea was successful throughout the year, given that samples were collected
from ash trees showing early disease symptoms (Table 2).

Apart from F. excelsior, C. fraxinea was isolated from young, planted
F. angustifolia trees in floodplain areas along the river Morava near
Hohenau/March and from symptomatic seedlings of this species in a nursery in
Lower Austria (Kirisits et al., 2009; Table 2). In addition, it was obtained at a few
localities from F. excelsior ‘Pendula’ (Table 2). To our knowledge, these are the
first and thus-far only European records of the fungus from hosts other than
F. excelsior. The fungal isolations from Fraxinus ssp. have shown that C. fraxinea
is associated with early symptoms of ash dieback, as it is typical for the primary
causal agent of a plant disease. These results agree well with other studies in
Europe, in which this fungus was consistently isolated or detected with molecular
markers from diseased ash trees (Kowalski, 2006; Bakys et al., 2009b; Ioos et al.,
2009; Chandelier et al., 2009).

In May 2008 potted, one-year-old common ash seedlings were wound-
inoculated with five C. fraxinea isolates and in June 2008 with five other strains.
Similarly, potted, two-year-old narrow-leaved ash seedlings were inoculated with
one C. fraxinea isolate in May 2008 (Kirisits et al., 2009) and with two other
isolates in June 2008. Inoculum consisted of small pieces of autoclaved F.
excelsior phloem (approximately 10 x 4 x 2-3 mm) that had been placed for 15 to
30 days on the various C. fraxinea cultures on MEA.
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Inoculation of seedling stems was done by cutting an approximately 2 cm-long
slit into the bark, to the level of the cambium, pulling the bark slightly away,
inserting inoculum and wrapping parafilm around the wound to seal the bark flap
back to the stem, to minimize contamination and to prevent rapid drying of the
phloem and wood. Each isolate was inoculated onto 20 seedlings and twenty other
seedlings of each ash species were inoculated with sterile pieces of ash phloem to
serve as control. In each experiment, seedlings were observed for external
symptoms during a period of approximately three months. Thereafter, they were
dissected and lengths of necrotic lesions and longitudinal extension of wood
discoloration were recorded.

On both ash species all isolates tested caused symptoms virtually identical to
those occurring on naturally infected trees: wilting of leaves and dieback (Fig. 3A)
due to girdling of the phloem and sapwood occlusion around the inoculation site,
necrotic lesions in bark (Fig. 3B), phloem (Fig. 3C) and cambium as well as
brown-greyish discoloration in the wood (Fig. 3D) (Kirisits et al. 2008a; 2009). On
the control seedlings the inoculation wounds were partly or entirely closed and no
necrotic lesions or wood discoloration occurred. The three isolates that were tested
on both ash species caused more intensive symptoms (longer necrotic lesions, more
plants displaying wilt and dieback) on F. angustifolia than on F. excelsior, which
may indicate that the former species is more susceptible to C. fraxinea than the
latter species. Chalara fraxinea was consistently re-isolated from the inoculated
seedlings, while it was not recovered from any of the control plants. On
F. excelsior the re-isolation rates of the various C. fraxinea isolates ranged from 25
to 73 %. On F. excelsior and F. angustifolia Kochs postulates were thus fulfilled
for C. fraxinea, clearly suggesting that this fungus is the primary causal agent of
ash dieback. This is in agreement with studies in Poland (Kowalski, 2006;
Kowalski and Holdenrieder, 2008; 2009a), Sweden (Bakys et al., 2009b), Hungary
(Szabd, 2008), Slovenia (Ogris et al., 2009) and Norway (Talge et al., 2009).

Flowering ash was also included in the inoculation experiments. Two C.
fraxinea isolates, one in May 2008 and the other one in June 2008, were wound-
inoculated onto one-year-old seedlings of this ash species as described above. In
both experiments C. fraxinea displayed pathogenicity to F. ornus. While in the first
experiment some plants showed wilting of leaves and dieback, and necrotic lesions
of similar size as those on F. excelsior developed, no dieback occurred in the
second experiment and necrotic lesions were rather small. Flowering ash may be
less susceptible to C. fraxinea than the other two European ash species which is
supported by the fact that natural infections have thus-far not been observed.
Further disease surveys and inoculation trials are, however, required to definitely
appraise the susceptibility of F. ornus to the ash dieback pathogen.
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Figure 3. Symptoms on potted Fraxinus angustifolia seedlings following wound-
inoculation with Chalara fraxinea: (A) Wilting of leaves, (B) Superficially visible necrotic
lesion in the bark, (C) Necrotic lesion in the phloem, (D) Discoloration of the wood (Bar
for B, C and D [each showing the same inoculation point] = 1 cm). See Kirisits et al. (2009)
for colored versions of the photographs.

6. INFECTION BIOLOGY OF Chalara fraxinea AND HYPOTHETIC AL
DISEASE CYCLE OF ASH DIEBACK

Until recently, the infection biology of C. fraxinea was totally enigmatic. There
were no published reports of the fungus sporulating on dead shoots, necrotic
lesions or cankers and its mode of dispersal was unknown. The conidia of
C. fraxinea are sticky, accumulate in droplets on the top of phialophores and do not
appear to be adapted to wind-dispersal (Kowalski, 2006; Kowalski and
Holdenrieder, 2008). It was therefore speculated that the fungus is transmitted by
animal vectors such as the ash bark beetle Leperesinus varius (Kowalski and
Holdenrieder, 2008). No clear evidence was found, however, that vectors are
involved and circumstantial evidence, for example the occurrence of the disease on
trees of all age classes and the low degree or lack of association between insect
infestations and ash dieback, made vector-dispersal of the fungus unlikely.
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Figure 4. Apothecia of Hymenoscyphus albidus on leaf rachises of Fraxinus excelsior
from the previous year (Neuwaldegg-Dornbach, Vienna, 14 and 16 June 2009).

The enigma, how the ash dieback pathogen is transmitted was solved, at least
partly, by Kowalski and Holdenrieder (2009b) who discovered the teleophorph of
C. fraxinea and linked it to Hymenoscyphus albidus. Similar as in other
ascomycetes, the ascospores of H. albidus are likely to be wind-dispersed
(Kowalski and Holdenrieder, 2009) and appear to play the key role in inciting
infections of ash trees. Ascospore dispersal by wind would also explain the rapid
spread of the ash dieback pathogen in Europe, if it had changed genetically or were
an invasive alien organism (Kowalski and Holdenrieder, 2009b). In contrast, we
suppose that the spores of C. fraxinea are unable to cause infections and they may
play a different, if any role in the biology of H. albidus. In May 2008 we
inoculated ash shoots and leaves with suspensions of C. fraxinea spores, but no
symptoms developed on any of the test seedlings. In addition, we repeatedly aimed
to test the germination of spores of C. faxinea, but without any success. They did
not germinate on MEA, V8 agar or an agar medium containing an extract from ash
leaves that stimulated mycelial growth of C. fraxinea, but not conidial germination.
The spores also did not germinate after in vitro inoculation of detached ash leaflets.
We thus speculate that the spores of C. fraxinea are not conidia, but probably
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spermatia that play a role in exchanging nuclei and in fertilization of the fungus, if
they are of any biological significance.

Independent from the discovery of H. albidus by Kowalski and Holdenrieder
(2009b), from September 2008 onwards we started to comprehend the importance
of leaf rachises for the infection biology and epidemiology of the ash dieback
pathogen. Fungal isolation from necrotic lesions on leaf rachises in September and
October 2008 has shown that C. fraxinea is clearly associated with these leaf
symptoms, as it was the most frequently isolated fungus and was often obtained in
pure culture. Repeated isolations from shed leaf rachises collected from the forest
floor in autumn, winter and spring confirmed that C. fraxinea persists and
overwinters in these parts of ash trees. Given that isolation of C. fraxinea from
dead shoots and necrotic lesions can be difficult (e. g. Bakys et al., 2009a), it was
surprising to isolate it as the most frequent fungus from decaying leaf remnants
collected on the ground. Occasionally, also phialophores of C. fraxinea were
found, sometimes abundantly. Furthermore, from late November 2008 onwards,
most leaf rachises were covered by black, pseudosclerotial plates, resembling the
structures often occurring in cultures of C. fraxinea, and now, with hindsight,
known to be associated with H. albidus (Kowalski, 2006; Kowalski and
Holdenrieder, 2008; 2009b; Halmschlager and Kirisits, 2008; Kirisits et al., 2008a).

While the discovery of H. albidus as teleomorph of C. fraxinea (Kowalski and
Holdenrieder, 2009b) came surprising for us, we were not so surprised that the
apothecia of this fungus are predominantly formed on leaf rachises from the
previous year. In spring 2009 we repeatedly inspected leaf rachises for the
occurrence of H. albidus. At one site in Vienna, developing apothecia with unripe
ascospores were first seen at the end of May, while in mid-June the first fully
developed fruiting bodies with ripe, germinating ascospores occurred abundantly
(Fig. 4). Since then, apothecia of H. albidus have been recorded at several sites in
various parts of Austria, indicating that they occur widespread and in high
numbers. Intriguingly, apothecia were observed much earlier in the year (June)
than previously reported in the literature (Kowalsi and Holdenrieder, 2009a and
references therein).

Based on the discovery of H. albidus as the teleomorph of C. fraxinea,
published information on the disease as well as own observations and studies, we
propose a hypothetical disease cycle for ash dieback (Fig. 5). This scheme (Fig. 5)
shall also emphasize knowledge gaps and form the conceptual basis for future
investigations on the infection biology and epidemiology of H. albidus/C. fraxinea.
Infection of ash trees is thought to occur by wind-dispersed ascospores of H. albius
which form mainly on leaf rachises from the previous year, lying on the forest floor
(Kowalski and Holdenrieder, 2009b; Fig. 5). Occasionally they also occur on dead
shoots (Kowalski and Holdenrieder, 2009b). Ascospores are likely released from
June to early October (Fig. 5). The length of the infectious period will depend on
the local climate and will likely vary from year to year according to the weather
conditions.
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How infection by ascospores exactly takes place is unknown, but careful
observations of symptoms suggest that leaves are an important target for infections
(Fig. 5). In 2008 we observed leaf symptoms occasionally already in June and July,
but they were most conspicuous from August onwards. In our opinion they can
lead to early leaf shedding in late August and in September, as it has been
repeatedly observed in Austria since 2005 (Cech, 2005; Hagen, 2005;
Fachabteilung Forstwesen-Forstdirektion, 2009). We suppose that H. albidus is
able to grow from the leaves into the shoots of ash trees (Fig. 5), where it causes
necrotic lesions and wood discoloration. When examining numerous young ash
trees showing ecarly stages of disease, necrotic lesions occurred either around leaf
scars (Fig. 2B) or around dead side twigs (Fig. 2C), but lesions were never seen in
other positions. Dead side twigs are for sure entrance points of the pathogen into
main shoots, bigger branches and stems of ash trees and the location of lesions
around leaf scars may support the suspicion that the pathogen can enter the phloem
and xylem via leaves. Direct infections of shoots possibly also occur (Fig. 5).
Whatever organ is concerned, we assume that wounding is not required for
infection. Environmental factors, particularly high amounts of precipitation and
high levels of air humidity are likely conducive for ascospore release and for
infections to be successful.

In 2008 small, localized necrotic lesions on shoots, often located around leaf scars
(Fig. 5), where leaves had already been shed, were first observed in early August, but
more commonly in September and October. These symptoms must have originated
from current-years infections. Observations from 2007 to 2009 suggest, however, that
many infections may remain latent for a while and that most of the host colonization
and symptom progression takes place outside the vegetation period (Fig. 5). This view
is supported by wound-inoculation of F. angustifolia with C. fraxinea in early
December, resulting in dieback of many test seedlings in early spring. Because
symptom development occurs to a large extent in autumn and winter, high damage
levels become obvious in spring, when shoots do not flush and die, wilting of leaves
occurs and trees show extensive dieback (Fig. 5). On bark tissues killed a while ago,
saprotrophic or endophytic fungi sporulate (Fig. 5) and outcompete C. fraxinea,
making isolation of the primary pathogen difficult or impossible. With the occurrence
of H. albidus apothecia on leaf rachises on the forest floor (Fig. 5), the disease cycle
starts again.

7. RECOMMENDATIONS FOR DISEASE MANAGEMENT

Ash dieback is another example of a serious disease damaging a valuable
hardwood tree species in Europe, thereby causing problems for forestry, nature
conservation and shade tree management. Common ash is not amongst the main
timber species in Austria, but on many sites and forest types it is an economically
and ecologically important species. On some sites there are hardly any or no
attractive alternatives to ash for the selection of tree species. If ash dieback in
Austria develops similar as in other countries, so that also old trees are seriously
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affected, considerable losses will occur and ash may lose much of its importance in
silviculture.

Figure 5. Hypothetical disease cycle of ash dieback caused by Hymenoscyphus albidus/
Chalara fraxinea. See text for explanations

Although many aspects are still unknown, much progress has recently been
made to better understand ash dieback and, based on this knowledge, to
recommend measures for disease management. However, this new phenomenon
reminds us, how little can in most cases be done against emerging forest health
problems. As a consequence of ash dieback the silvicultural characteristics of ash
need to be re-appraised. While it used to be a ‘stable’ tree species that was little
affected by diseases, insect pests and abiotic damaging factors, it is presently
threatened by this new phenomenon. It is therefore recommended to plant common
ash less extensively as before and mix it with other site-adapted tree species. Plants
for planting should be carefully inspected for the occurrence of symptoms by
nursery managers, forest owners and foresters. Likewise, it should be avoided to
bring diseased seedlings into areas, where ash dieback has thus-far not been
recorded. Wherever it is possible, leaves shed in autumn and leaf rachises on the
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ground prior to the occurrence of apothecia of H. albidus should be removed,
ploughed into the soil or covered with soil. Such sanitation measures are probably
possible and economic feasible in nurseries and urban areas. However, the
dispersal distances of ascospores of H. albidus are presently unknown and it will
depend on these distances, whether infections can be effectively prevented by local
removal of leafs and leaf rachises. In nurseries fungicide application to protect
plants from infections by ascospores may be another measure, but thus-far there is
no experience regarding the fungicides to be effectively used as well as the precise
timing of the applications. It is likely that infections can occur over a long period of
time, from June to early October (Fig. 5), which would make many applications
necessary. While fungicide treatments may be a useful method to raise healthy ash
seedlings, their general importance for disease management will be limited, as
seedlings will become infected after having been planted in the field.

Thus-far there are no reliable recommendations for the silvicultural treatment of
stands affected by ash dieback. It is, however, recommended not to abandon ash
too early, and, if there are no other reasons, to harvest only dead and severely
damaged trees. It has been observed that C. fraxinea can grow from epicormic
shoots into the wood of ash stems and causes discoloration there (Kowalski and
Holdenrieder, 2008; Thomsen et al., 2009), thereby lowering the timber quality and
value. To avoid such losses as well as damage caused by wood-decay fungi, timely
felling of severely diseased trees is recommended. Ash dieback will likely weaken
the populations of ash trees and secondary pathogens such as Armillaria spp. and
ash bark beetles may become more important and need to be considered (Kowalski
and Holdenrieder, 2008; Thomsen et al., 2009). When intensive care is possible,
individual trees can be rescued by cutting infected shoots, twigs and branches.
Likewise, young trees can be cut to rescue the stump and root system, from where
suckers will develop. However, in both cases, new infections of
H. albidus/C. fraxinea are likely to occur and thus, trees need to be inspected and
treated repeatedly.

The most promising potential option for disease management may be the
existence of considerable levels of resistance or tolerance within the populations of
common ash. In heavily affected areas it is not rare to see severely diseased ash
trees growing aside of still healthy or little affected trees. Likewise, investigations
in seed plantations in Denmark strongly suggest that there are considerable
differences in the resistance levels of ash clones towards ash dieback, with some
clones hardly being affected (Olrik et al., 2007; Kjer et al., 2009). Preliminary
assessments in clonal seed orchards in Austria support this view (C. Freinschlag,
C.Jasser, A. Gaisbauer and T. Kirisits, unpublished data). It is therefore
recommended that forest owners and foresters record, mark and promote healthy
and slightly diseased ash trees growing in severely affected stands and promote
natural regeneration of these potentially resistant or tolerant trees. Thereby they
may facilitate that resistance levels in the ash populations are maintained, get
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stabilized or even increase. Breeding for resistance may be another, more intensive
option for disease management in the future.
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ABSTRACT

In many European countries, intensive dieback of ash has been observed in all age

classes, independent of forest type and geographic position during the last 10 years. There
are 3 species of Fraxinus in Turkey: Fraxinus excelsior L., F. angustifolia Vahl.. and F.
ornus L.. They are fast growing trees and have valuable wood which is widely used in
furniture industry. In addition, the trees are used in landscape architecture.
In this study, existence and causal agents of dieback was investigated in F. ornus
plantations located in Dutlukir (7.2 ha) and Altinapa Dam (6.4 ha) in Konya. Condition of
the shoots, characteristics of the cankers and lesions, height and diameter (at root collar) of
the trees, and signs of insect attacks were recorded. Almost all, 98.2%, of the sampled trees
were bearing cankers, 4.1% had signs of insect attacks, and 24.7% of the trees had dry
shoots.

Keywords: Dieback, Fraxinus excelsior, Fraxinus angustifolia, Fraxinus ornus

INTRODUCTION

Dieback of ash has been one of the most important diseases on ash in European
countries during the last 10 years. Recently the casual agent of the dieback was
reported to be Chalara fraxinea T. Kowalski (Kowalski, 2006; Cech and Hoyer-
Tomiczek, 2007; Kirisits et al., 2008; Halmschlager and Kirisits, 2008). Symptoms
are necrosis of leaf rachises and leaflet veins, shoot, twig and branch dieback as
well as necrotic lesions and cankers in the bark. Bark necrosis is often
accompanied with brownish discolouration of the wood. Wilting of leaves can
sometimes be seen on recently girdled shoots and twigs (Bakys et al., 2008;
Kowalski, 2006; Kowalski and Holdenrieder, 2008; Halmschlager and Kirisits,
2008; Krisits et al., 2008).

There are three species and seven subspecies of Fraxinus distributed in
Marmara, Black sea, Aegian and Mediterranean Region of Turkey (Yaltirik,
1978). Fraxinus ornus (Manna ash) is a native species to southern Europe and
south western Asia. Manna ash is an important tree species widely used in
furniture industry and music instrument manufacturing. In addition, it is used in
landscape architecture.
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The aim of the present study was to investigate the frequency of dieback in
Manna ash plantations located in Dutlukir and near Altmmapa Dam in Konya
province.

MATERIALS AND METHODS

Manna ash plantations located in Dutlukir and near Atinapa Dam in Konya
province were investigated in April 2009. The origin of the trees in the study areas
is not known.

The plantation site near Altiapa Dam, approximately 16.5 km west of the city
of Konya, covers 6.4 ha on a minor slope facing the dam at an altitude of 1280 m
a.s.l. The 7.2-hectare plantation in Dutlukir is located on flat terrain, 1075 m a.s.1.,
approximately 9 km southwest of Konya. In Konya region, winters are cold and
snowy and summers are hot and dry. In the study area, annual precipitation ranges
from 300 to 400 mm (Fig. 1). The average number of days with precipitation per
month is 9-11 from December to May, and 2-7 from June to November. Between
July and September there are only 2-3 rainy days per month. During these three
summer months the total precipitation is below 30 mm. The average annual
temperature is +11.4°C (Anonymous, 2009).
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Figure 1: Monthly means for precipitation and temperature in Konya 1975-2007.

The plantations were investigated using a systematic sampling strategy.
Condition of the shoots, characteristics of the cankers and lesions, tree height and
stem diameter at root collar, and signs of insect attacks were recorded for every 4"
tree in Dutlukir and for every 6™ tree in Altinapa plantation. Shoot and bark
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samples were collected from trees bearing cankers and lesions; totally 340 samples
were collected for fungal isolation. The samples were kept in paper bags at +4°C
until isolation.

The isolations were made from cankers and lesions on the shoots and the stem
(Fig. 2).

Figure 2: Cankers and lesions on the stem and the shoot of F. ornus.

After surface sterilization with 70% ethanol and removing the surface bark,
pieces of shoots were removed and placed in petri dishes containing 2% malt
extract agar. The cultures were incubated at room temperature in dark conditions.

RESULTS & DISCUSSION

The average diameter of the sampled trees was 3.2 cm in Dutlukir and 2.6 cm in
Altinapa and the average height of the sampled trees was 235 c¢cm in Dutlukir and
233 cm in Altinapa.

Almost all, 98.2% of the sampled trees were bearing cankers, 4.1% had signs of
insect attacks and 24.7% of the shoots had dried. In addition, wood discolouration
and necrosis on the shoots were observed. The study is still going on and
identification of the fungi is under progress.

The high proportion of the trees bearing cankers and dry shoots indicates that
the trees are either growing at an unsuitable site or that the trees are frequently
attacked by a biotic agent. As the origin of the trees is not known, the possibility
that they are poorly adapted to the local climate in the study area can not be
excluded. The fact that the plantation sites are located outside of the natural
distribution of F. ornus in Turkey (cf. Yaltirik, 1978) supports a hypothesis of
weather related damage.
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Periods of low rainfall can be one of the abiotic factors correlated with the
initiation of the disease (Hibben and Silverborg, 1978). However, there has not
been any unusually dry periods, that could explain the high frequency of dead
shoots, in Konya during the last 3 years. On the other hand, insufficient adaptation
to the local climate could result in e.g. delayed winter hardening of the current—
year shoots increasing susceptibility to frost damage or winter drought. The shoots
had dried after bud formation indicating that the shoots had died between late
summer and early spring. The frequency of dry shoots was similar in both sites.
Therefore differences in microclimate between the sites, caused by the dam in
Altimapa, seemed not to have had any effect on the occurrence of the damage.
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ABSTRACT

Ash dieback was observed in Baltic states since middle of 90's, however the progress
of disease was observed within last years. The new fungus Chalara fraxinea was described
as a causal agent of ash dieback in 2006. The ash dieback was observed in some local
areas in the Czech republic since middle of 90's and it was connected mostly with extreme
climatic conditions. Progress of disease was observed since 2003. Ash decline was
observed practically in all regions of the CR, C. fraxinea were confirmed in the CR in
September 2007. Occurrence of Chalara fraxinea was confirmed in Fraxinus excelsior
and F. angustifolia. Perfect stage of C. fraxinea Hymenscyphus albidus is known as
common saprophytes on leaf-stalks. In areas with esh dieback was observed aphid
Prociphilus bumeliae, however the role of this insect is actually discus.

Key words: ash decline, Chalara fraxinea, ash, ash dieback

1. INTRODUCTION

Common ash (Fraxinus excelsior) is threatened in large parts of Europe by ash
dieback (eg. Cech, 2006; Lygis et al., 2005). Chalara fraxinea has been recently
determined to be the causal agent of this disease (Kowalski, 2006; Kowalski &
Holdenrieder, 2009a; Bakys et al., 2009).

Chalara fraxinea was reported in Poland (Kowalski, 2006), Denmark (Thomsen
et al., 2007), Germany (Schumacher et al.,, 2007), Austria (Halmschlager and
Kirisits, 2008), Hungary (Szabo, 2008a; 2008b), Finland (EPPO, 2008a), Lithuania
(R. Vasaitis, personal communication), Norway (EPPO, 2008b; H. Solheim,
personal communication), Sweden (Bakys et al., 2009), Switzerland (Engesser and
Holdenrieder, unpublished) and France (Ioos, personal communication). Symptoms
of ash dieback were also reported from Slovakia in 2008 (Kunca, personal
communication); the disease was noted also in Slovenia (Ogris et al., 2009) and
Croatia (own observation) in 2008. From the Czech republic is pathogen reported
from 2007 (Jankovsky and Holdenrieder, 2009). The ascomycete Hymenoscyphus
albidus (Roberge ex Desm.) W. Phillips was identified as the teleomorph of C.
fraxinea by Kowalski and Holdenrieder (2009b).
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2. MATERIAL AND METHODS

Ash twigs (4-8 mm diameter) with dieback (comprising a necrotic distal portion and
a proximal living portion) were collected and transferred to the laboratory. The surface
were disinfected by spraying with concentrated ethanol and superficially dried on a
clean bench. The tissue samples (diameter 2-5 mm, about 2-3 mm long), were
dissected from the sapwood below necrotic lesions, after bark removal. Samples were
then surface sterilized by immersion in sodium hypochlorite (7 - 10 %) for 60 - 90 sec,
then immersed in 96% ethanol for 60 - 90 sec, washed in sterilized water and placed on
the medium. Tissue samples were aseptically transferred on malt extract agar (MEA 3;
30 g/L, peptone 5 g/L, agar 15 g/L) and, according to Kowalski (2006), streptomycin
(100 mg/L) added after autoclaving. Identification was made on the bases of colony
morphology and microscopic features.

3. RESULTS AND DISCUSSION

Ash dieback associated with bark necroses and withering of young shoots was
recorded in several areas in the CR during 2004 — 2008. The locations affected
include mostly all area of the CR, eg. Beskydy Mts., Jeseniky Mts., Giant Mts.,
Bayerischer Wald Mts., Central Bohemia, Prague, Eastern Bohemia, Czech
Moravian Highland, the area at the junction of the Thaya and Morava Rivers, and
along the Czech, Austrian and Slovak borders. Ash dieback has extended across the
entire country since 2004. The symptoms were also noted in nurseries, especially
on saplings in South Moravia. However wooly aphids from genus Prociphilus spp.
were observed in this areas abundantly as a important harmful factor in early
spring.

The first record of Chalara fraxinea in the CR originated from samples
collected at Drahany Highland, Arboretum Krtiny, from Fraxinus excelsior and in
some other locations (Jankovsky and Holdenrieder 2009). Ash diaback were
observed on Fraxinus excelsior and its cultivars, especially sensible is F. excelsior
cv. ,,Pendula®, and F. angustifolia.

On the area of South Moravia samples has been taken especially from the
district of Zidlochovice forest enterprise, close to Austrian and Slovak borders.
Health condition of young forest stands is serious on some locations and there is a
danger of large damages of these young plantations. The culture of C. fraxinea
origin from flood-plain forest by the village Tvrdonice in this area. It is located
near of the boarder with Slovakia. The other samples were collected in the Ivan
area (adjacent to the Nove mlyny reservoir) and Soutok game preserve (National
nature reserve Cahnov).

The occurrence of ash decline is continually monitored, especially in the area of
south Moravia.

According to the experience with symptoms of ash wilting we can assume that
C. fraxinea is spread through the whole area of the CR.
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Table 1. Occurrence of Ash dieback on some monitored plots.

LOCALITY DATE OF COLLECT. |[CONCLUSION NOTICE POSITION
Pozitive Fraxinus excelsior 49°19'7"N/
1_JArboretum of Kitiny 26.09.2007 "Pendula” 16°44'35"E
49°15'24"N,
2 ]OchozuBrna 29.09.2008 Pozitive 16°43'56"E
49°19'36"N,
3 JHrad¢any u Brna 06.10.2008 Pozitive 16°25'58"E
Symptom of disease 49°14'37 5'N
4 IBrno Lesna - Sobésice 08.10.2008 16°37'5.728"E
49°24'34.51"N,
5 JLomnice u Tidnova (Sykof hill) 12.10.2008 Pozitive Shoots along the way ~ [16°24'46.765"E
Symptom of disease Regeneration under the 48°39'17.223"N,
6_|LZ Zidlochovice - NPR Cahnov 13.10.2008 cover of older stand 16°56'32.378"E
Symptom of disease 48°44'54.48"N
7 [District Lednice-Valtice area - Rendez vous 30.10.2008 16°47'39.299"E
Symptom of disease 48°55'18.304"N
8 |LZ Zidlochovice - Ivari 04.02.2009 16°34'56.446"E
Symptom of disease 49°16'55.536"N
9 |KroméFiz - zamedek 07.02.2009 17°27'50.746"E
48°47'29.587"N,
10_|LZ Zidlochovice — forest district Tvrdonice 18.02.2009 Pozitive Compartment 909 17°4'21.828"E
48°47'23.761"N,
11_JLZ Zidlochovice - forest district Tvrdonice 18.02.2009 Symptom of disease |Compartment 904 17°4'21.588"E
Forest nursery Hadovna - region 49°18'24.285"N,
12 |Kromériz 30.05.2009 Symptom of disease 17°39'4.909"E
49°23'56.145"N,
13 JArboeko co. - Smrzice 30.04.2009 Symptom of disease 17°1126.528'E

Dry lesions show circular shape at first, they gradually change into elliptical
oblong, depressed necrosis, which gradually extends on the surface; it was
observed in most places. Below the bark, the dieback of the cambium is evident.
The necrosis extends both into transpiration flow and assimilation flow. The
infection gets from necrosis also into the wood part, which is discolored by grey
brown. One year shoots die above the necrosis especially in autumn months (from
end of August till October). Necrosis on 2 years old and perennial shoots can be
occluded and there can be superficial cankers with callus on the edge created. Dark
brown necrosis is formed on petioles and trees shed premature, from end of August
till October, their still green leaves. One year old, rarely also older shoots die on
older trees. Typical of this is a creation of compressed crown and disturbance of
parallel trunk.

Hymenoscyphus albidus is noted by Kowalski and Holdenrieder (2009) as the
teleomorph of Chalara fraxinea. The species is widespread in Europe. According
to the literature, H. albidus occurs exclusively on ash petioles from ash litter
(Breitenbach and Kranzlin, 1984; Ellis and Ellis, 1985). In the CR, it is well known
as a saprophyte on leaf-stalks in the litter, it is considered to be a common species
in mycofloristic research.
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Transfer of infection nor vector has not been clarified till now. One can assume
that infection occurs via ascospores of H. albidus which are formed on leaf fall of
ash during summer months. It corresponds to time period of development of newly
attacking infection. Rapid and especially sudden dissemination of this disease
throughout Europe is not typical for tree disease, is it more typical for non biotic
diseases or for insect outbreaks. Especially an area, which is being occupied during
relatively short period of time, is enormous. For pathogens, it is difficult to
penetrate structural suberin barrier which is represented by unharmed bark. The
influence of sucking insect can be discussed. Remarkable is the fact that lesions
occur practically at the same place like the colony of woolly aphids Prociphilus
spp. Aphid’s colonies are located on shoots and petioles of leaves. In nurseries,
where chemical control against sucking insect was applied, symptoms of ash
dieback disappeared. Woolly aphids are not reported to occur in all areas where ash
decline was observed. Sucking insect can play a role of agent which creates a
defect in the bark. In sucking locations, tissues suffer from necrosis and fungi like
C. fraxinea penetrate through the tissues. There is an apparent separation of reason
— sucking of aphids during spring time and formation of necrosis during summer
time when the connection to sucking insect needs not to be evident.

4. CONCLUSION

The bionomy of the fungus, infection cycle, pathology, resp. pathogenicity of
the fungus and genetic structure are main topics of contemporary research.
Although pathogenicity of the C. fraxinea has been proved, the mechanism of
penetration of fungus into host is not known yet. The role of sucking insect, mainly
woolly aphids, should be crucial due to production of lesion around sucking points
at the position of previous aphid colonies. The relationship of sucking insects and
C.fraxinea in ash dieback pathology requires further investigations.
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ABSTRACT

Bleeding canker of horse chestnut, caused by the bacterial pathogen, Pseudomonas
syringae pv. aesculi, has rapidly established and become widespread throughout parts of
northern Europe, including Great Britain, over the last five years. Despite the fact that this
disease is having a devastating effect on an important amenity tree species, very little is
known about the infection processes of this pathogen, or the genetic and physiological
factors which cause it to be so highly damaging. One difficulty associated with studying
this pathogen is the lengthy procedure required to confirm its presence on the host. Real-
time PCR primers were developed based on gyrase B gene sequence data for the specific
detection of P. syringae pv. aesculi in infected horse chestnut. This quantitative real-time
PCR assay provides the facility to study several important aspects of the biology of P.
syringae pv. aesculi on horse chestnut including its potential for epiphytic survival on
healthy trees, as well as its dissemination in different environmental substrates, such as soil,
water and infected tree debris. As part of ongoing work, the complete genome of P.
syringae pv. aesculi is currently being sequenced to determine its complement of virulence
and fitness genes. Molecular tools are also being used to determine the origin of P. syringae
pv. aesculi, the location/s and time of its introduction and geographical routes of spread
within Great Britain and Europe.

Keywords: Pseudomonas syringae pv. aesculi, bleeding canker, Aesculus
hippocastanum, real-time PCR.

1. INTRODUCTION

In the last 10-15 years, there has been an unprecedented increase in the numbers
of hitherto unrecognised diseases attacking trees throughout the world. Many of the
causal organisms have been inadvertently introduced into new ecosystems through
the increase in global commerce, via pathways such as trade in live plants
(including soils), poorly treated timber products and international trade in bonsai
(Brasier, 2008). European horse chestnut (desculus hippocastanum), an important
amenity tree species throughout much of Great Britain and northern Europe, is
suffering from two major problems of recent introduction into the continent:
bacterial bleeding canker and the horse chestnut leaf miner. Native to northern
Greece and Albania (Phillips, 1978), horse chestnut was introduced into the UK in
the late 16™ Century and was planted widely in parks and gardens in both urban
and rural areas, often in avenues bordering roads. Horse chestnut is highly regarded
for its qualities as a shade tree, for its showy white flowers in spring and the
production of its fruits or ‘conkers’.
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Since 2003, an epidemic of a bleeding canker disease of horse chestnut has
become widespread across Great Britain as well as a number of other European
countries, including the Netherlands, Belgium, France and Germany. The disease
has been attracting a great deal of media attention in Great Britain over the last
couple of years due to the severity of damage on affected trees. Symptoms of the
disease include bleeding cankers located on the stem and branches, with rust-
coloured liquid oozing from cracks in the bark, necrotic phloem, foliar
discolouration, and crown dieback often leading to tree death. A Great Britain-wide
survey of 2629 horse chestnut trees conducted in 2007 found that over 70% of trees
surveyed in parts of England exhibited symptoms typical of bleeding canker, with
36% and 42% of surveyed trees showing these symptoms in Wales and Scotland,
respectively (Forestry Commission, 2008). The reason that bleeding canker disease
of horse chestnut is currently of such high profile is due to its dramatic impact on
an important amenity tree species. The disease is now a key tree health issue in
Great Britain, particularly in the context of ‘urban greening’ and with climate
change in mind there is increasing recognition of the need to maintain healthy
populations of shade trees within urban areas.

The causal agent responsible for this new epidemic of bleeding canker disease
of horse chestnut has only very recently been identified as a gram-negative
fluorescent Pseudomonas syringae bacterium, which has an identical partial gyrase
B gene sequence to a strain isolated from leaf lesions on Indian horse chestnut
(Aesculus indica) in India in 1980 (Schmidt et al., 2008; Webber et al., 2008).
There are at least 50 closely related pathovars of the species Pseudomonas syringae
which can be distinguished by host range, and which infect a wide range of
herbaceous and woody plants. It is thought that P. syringae pv. aesculi may have
originated from India, being native on Indian horse chestnut, and has been recently
introduced to Great Britain and Europe, possibly via imported, infected nursery
stock (Brasier, 2008). If it is a new introduction to Europe, P. syringae pv. aesculi
has found a new host, European horse chestnut, on which it is considerably more
aggressive than its native host on which it only causes leaf lesions. Britain’s forests
are under continuous risk from new, exotic diseases as a result of the increased
movement of plant stock between countries over ever greater distances. Bacterial
diseases of trees present a particular risk to Britain’s forests and woodlands since
their activity in northern Europe may be favoured by the milder, wetter winters
predicted under future climate change scenarios and because so little is currently
known about the routes of invasion, spread and survival of these pathogens on
woody hosts.

One of the obstacles to studying P. syringae pv. aesculi is the difficulty of
confirming its presence in host tissues. To date, this bacterium is detected on
symptomatic trees by isolation and culturing, PCR amplification and sequencing of
the gyrase B gene using universal primers, and comparing sequence homology with
a type strain of P. syringae pv. aesculi published in the US National Center for
Biotechnology Information (NCBI) GenBank sequence database. However, this is
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time consuming, through the need to obtain pure bacterial cultures from diseased
horse chestnut tissues which may be colonised by a range of bacterial genera
(Green et al., 2009). Recently, real-time PCR has proven to be a very useful tool
for the detection of plant pathogenic fungi and bacteria, being highly sensitive,
specific and rapid, with the added capacity for quantification of the pathogen in
host tissues (Schaad and Frederick, 2002; Vandroemme et al., 2008). The first aim
of this study was to develop and test a robust, reliable, quantitative real-time PCR
assay which is specific to P. syringae pv. aesculi, and to demonstrate its use for
detecting the bacterium in inoculated and naturally infected horse chestnut trees
(Green et al., 2009). Also, briefly discussed are ongoing projects aimed at 1)
characterising the key genetic and physiological factors determining virulence and
epiphytic fitness of P. syringae pv. aesculi on European horse chestnut and ii)
tracing the epidemiological origins of this devastating bacterium.

2. MATERIALS AND METHODS

For the development of the real-time PCR assay, a total of 65 bacterial isolates
were collected from various parts of diseased or healthy horse chestnut in Britain,
the DNA extracted and the partial gyrase B gene region amplified using universal,
degenerate primers. The amplified fragments were sequenced and aligned with
other bacterial gyrase B gene sequences available in GenBank to design real-time
PCR primers specific to P. syringae pv. aesculi. The specificity and sensitivity of
the real-time PCR primers was tested using nine strains of P. syringae pv. aesculi,
17 other strains of P. syringae, 11 other non-pathogenic Pseudomonas spp. and 14
other species of bacteria isolated from horse chestnut trees. The ability of the real-
time primers to amplify and quantify DNA of P. syringae pv. aesculi in diseased
horse chestnut tissues was also demonstrated.

3. RESULTS

The real-time primer pair and reaction conditions developed to detect P.
syringae pv. aesculi amplified all isolates of P. syringae pv. aesculi, but did not
amplify the DNA extracted from the included reference bacteria or horse chestnut
when 1 ng of DNA was used as the template. The real-time primers reliably
amplified P. syringae pv. aesculi down to 1 pg of extracted DNA, with and without
the presence of host DNA, and also amplified unextracted DNA in whole cells of
the bacterium down to at least 160 colony forming units. The real-time PCR assay
detected and quantified DNA of P. syringae pv. aesculi in sixteen out of seventeen
tissue samples collected from naturally infected or artificially inoculated horse
chestnut, with generally good consistency between the two PCR runs in terms of Ct
values and quantity of pathogen DNA detected.
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4. DISCUSSION

A novel, quantitative real-time PCR assay has now been developed to detect the
pathogenic bacterium, P. syringae pv. aesculi, which is currently causing a severe
bleeding canker disease of horse chestnut trees in several European countries
(Green et al., 2009). The real-time PCR primers were shown to be both highly
specific, giving exponential amplification only with the target pathogen, and highly
sensitive, allowing detection of P. syringae pv. aesculi down to 1 pg DNA in
diseased horse chestnut tissues with the optimised reaction conditions used (Green
et al., 2009). This advance in methodology now provides a tool for the accurate and
sensitive quantitative detection of P. syringae pv. aesculi in host tissues, as well as
in different environmental substrates. This assay will be used to examine the ability
of P. syringae pv. aesculi to survive epiphytically in host material, and its potential
to contaminate rainwater and soil. The aim of this is to determine the routes for
transmission of the pathogen, and to explain the reason for its high mobility.

Research into P. syringae plant pathogens is currently of high profile
internationally due to their detrimental impact in the horticultural, agricultural and
forestry sectors (Kennelly et al., 2007; Perez-Martinez et al., 2008). Ongoing
research into the dentification of the key virulence and fitness genes of P. syringae
pv. aesculi through genome sequencing, combined with in vivo studies on
pathogenicity, will provide novel insights into the factors determining the
pathogenicity and fitness of an important and newly damaging P. syringae
pathovar on a woody host; this being an area for which information is currently
scarce.

The effectiveness of import and quarantine regulations and disease management
strategies designed to protect the agricultural, horticultural and forest industries
against exotic pathogens relies on a thorough understanding, based on sound
scientific data, of the routes of introduction and spread of exotic pathogens in new
locations. This is reflected in the current high priority given to these types of
studies within the European Union (EU), particularly given the recent, rapid
expansion of the international plant trade and an appreciation of the threat that this
presents. Current research on P. syringae pv. aesculi will identify the most suitable
genetic markers, based on genome sequence data, for studying the recent
evolutionary history of P. syringae pv. aesculi. These markers will then be used for
phylogenetic analyses to elucidate whether this pathogen is a new introduction to
Europe, and if so, when and from where it was introduced and routes of subsequent
spread within regions. The research briefly described here will be essential for the
development of more effective phytosanitary measures and disease management
strategies to guard against future threats posed by exotic bacterial pathogens. The
project will ultimately inform and guide management and mitigation strategies for
an important bacterial disease of an amenity tree species through increased
understanding of the causal agent.
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ABSTRACT

Nectria flute canker is a disease of Pinus radiata stems in the southern parts of New
Zealand caused by the pathogen Neonectria fuckeliana. Although tree crowns generally
remain healthy, stem cankers and associated defect reduce the commercial value of the
timber. In Northern Hemisphere countries where N. fuckeliana is endemic, open wounds,
dead attached branches and branch stubs have been identified as the primary infection
courts for N. fuckeliana. In New Zealand the development of the Nectria flute canker
disease is primarily associated with pruned branch stubs however recent studies suggest
that this is not the only possible infection court as the fungus has been found in trees prior
to pruning. Three separate field trials were established to examine potential infection courts
for N. fuckeliana in P. radiata in New Zealand. These infection courts included stem
wounds, pruned stubs, branch crotches and branch collars. Stem depressions, the usual
precursor to flute cankers, were created following inoculation of deep and shallow stem
wounds and of some branch collars. Inoculation directly into pruned stubs resulted in only a
few, small stem depressions and the fungus was largely contained within the branch trace.
Infection through branch crotches was not successful. Both inoculation types tested
(ascospores and conidia) resulted in similar canker development and fungal spread within
the tree. The trials described in this paper are ongoing.

Keywords: Neonectria fuckeliana, stem cankers, Pinus radiata.

1. INTRODUCTION

Pinus radiata D. Don is the most important plantation tree species grown in New
Zealand, comprising more than 89% of the plantation estate (NZFOA, 2009). Many of
the plantations are managed to produce clear, knot-free wood by pruning from one to
three times during the rotation (NZFOA, 2009). Stem cankers, often associated with
pruned stubs, have become increasingly noticeable in some Pinus radiata plantations
in the lower South Island of New Zealand over the last 15 years (Dick and Crane,
2009; Gadgil et al., 2003). The long, narrow cankers, commonly referred to as “flute
cankers” for their elongated appearance, can extend for several metres above and for a
shorter distance below a pruned branch stub. Formation of cankers associated with
natural injuries on the stem internodes has rarely been observed (Dick and Crane,
2009). Although tree crowns generally remain healthy, affected trees are susceptible to
decay, to wind breakage at infected whorls, and wood quality can be affected.
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Neonectria fuckeliana (C. Booth) Castl. & Rossman (Nectria fuckeliana C.
Booth) (Ascomycota: Nectriaceae) is the fungus most commonly found in
association with the flute cankers (Dick and Crane, 2009). This pathogen is thought
to be endemic to Northern Europe, Scandinavia and North America where it has
been recorded principally as a common wound invader or weak pathogen of
species of Picea and Abies (e.g. Roll-Hansen and Roll-Hansen, 1979; Schultz and
Parmeter, 1990; Vasiliauskas and Stenlid, 1998). Pathogenicity of the fungus has
been reported infrequently in Pinus spp., and this has been primarily as the result of
artifical inoculations (Smerlis, 1969). The pathogen has three spore states. In
addition its teleomorph, in which ascospores are produced in perithecia (the
Neonectria phase), two anamorphs are formed under certain conditions: an
Acremonium state with unicellular spores and a Cylindrocarpon state
(Cylindrocarpon cylindroides var. tenue Wollenweber) with multicellular spores.
Vasiliauskas and Stenlid (1997) demonstrated that, in Europe, the N. fuckeliana
ascospores are probably the major dispersal propagules. The importance of the
anamorphs in the pathogen life cycle and in disease development is not fully
understood.

In the Northern Hemisphere, open wounds, dead attached branches and branch
stubs have been identified as the primary infection courts for N. fuckeliana (Roll-
Hansen and Roll-Hansen, 1979). In New Zealand, since the development of the
Nectria flute canker disease is primarily associated with pruned branch stubs, it
was assumed that these branch stubs were the primary infection court (e.g. Bulman,
2007). Recent studies by Power and Ramsfield (2006, 2007) however, suggest that
this is not the only possible infection court for N. fuckeliana. In a study of 90
pruned and 90 unpruned trees, the pathogen N. fuckeliana was found in
approximately 22% of trees and no significant difference in frequency of the
pathogen was found between pruned and unpruned trees. None of the trees
examined showed symptoms of Nectria flute canker. This suggests that N.
fuckeliana is able to enter trees prior to pruning using some other infection court/s.
This paper outlines a number of trials currently being undertaken in southern New
Zealand to identify possible alternative infection courts for N. fuckeliana.

2. INFECTION THROUGH STEM WOUNDS

A field trial was undertaken to examine the importance of different wound types
and inoculum sources for disease development and fungal infection. Specifically
the trial aimed to determine whether pruned branch stubs were an effective
infection court for N. fuckeliana and, following on from Vasiliauskas and Stenlid
(1997), whether ascospores were the most effective inoculum source. Forty-five 6-
year-old Pinus radiata were subjected to one of three wound types (shallow stem
wound, deep stem wound or pruned branch stub) and one of three inoculation types
(ascospore inoculation, conidial inoculation or a water control). Trees were
assessed for the formation of stem depressions (the typical precursor to flute
cankers) after 6, 12 and 18 months, after which time they were harvested and the
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spread of N. fuckeliana was examined within the tree using isolations. Wound type
was found to be very important for flute canker development, with trees with deep
wounds showing largest stem depressions and most spread of N. fuckeliana within
the tree. Shallow stem wounds also resulted in some stem depressions however
these were usually small and there was only a little vertical movement of the
fungus through the stem. Inoculation of branch stubs resulted in few or small stem
depressions and the fungus was largely contained within the branch trace. Both
inoculation types (ascospores and conidia) resulted in similar levels of stem
depressions and fungal spread within the tree.

3. INFECTION THROUGH BRANCH CROTCHES

Pinus radiata grown in the southern regions of New Zealand is frequently
subjected to snow events during the winter months. Due to the acute branching
angle of P. radiata this often results in severe branch bending and can lead to
branch breakage. This severe branch bending can lead to openings in bark of the
branch crotch which may provide an infection court for fungal spores. Forty eight-
year-old Pinus radiata trees were used to examine this theory. On each tree, six
branches of similar size were selected on the same or adjacent whorls. Each branch
was then subjected to one of two bending treatments (bent with string to simulate
the weight of snow on the branch, or unbent) and one of three inoculum sources
(control, Acremonium conidia on a colonised twig, or a piece of bark containing V.
fuckeliana perithecia with ascospores). The inoculum source was glued or stapled
directly above the branch crotch. Trees were checked after 6 and 12 months for any
canker development and no change to the trees was observed. After 18 months, 20
of the trees were felled and dissected through the branch traces. Isolations were
undertaken to determine whether N. fuckeliana was now present within the stem
tissue. No M. fuckeliana was isolated. The remaining 20 trees will be monitored for
a further 6-12 months and may be felled if any external symptoms of Nectria flute
canker develop.

4. INFECTION THROUGH BRANCH COLLARS

Although inoculations directly into pruned stubs were not always successful at
initiating N. fuckeliana spread throughout the stem (see section 2), the symptoms of
Nectria flute canker are almost exclusively associated with pruned branches.
Incidence of Nectria flute canker in a stand can be much higher than 22% (the
proportion of colonisation recorded in unpruned trees) and so some infection may
be occurring at the time of pruning. If the branch collar was damaged during
pruning, it is possible that this branch collar may act as an infection court for N.
fuckeliana. To investigate this, 41 eight-year-old P. radiata trees were pruned in
the lower third of the stem and three branch collars on each tree were inoculated
with an Acremonium spore suspension. Great care was taken to prevent the spore
suspension spreading onto the rest of the pruned branch surface. The remaining
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branch stubs on each whorl were treated as controls and were not inoculated. After
6 months, eight of the trial trees were showing very slight canker development
from inoculated sites. Following 12 months stem depressions were recorded above
17 of the 123 inoculated branch collars. This trial is ongoing and isolations will be
made from trees felled after 18-24 months to determine whether N. fuckeliana had
infected the stem and how far it has spread.

5. DISCUSSION AND FUTHER RESEARCH

The inoculation experiments described in this paper have given some insight
into the potential infection mechanisms for N. fuckeliana in P. radiata in New
Zealand. In the first trial, infection and symptom development was clearly
demonstrated using both ascospores and conidia from the Acremonium stage. This
indicates that spores from both these lifestages could potentially play a role in
infection of this pathogen. In New Zealand however, although the Acremonium
stage is produced in culture, it is rarely observed in the field. In contrast, perithecia
producing ascospores of the teleomorph are frequently observed in the field and,
due to their abundance, are much more likely to play a role in dispersal and
infection of the pathogen.

While both deep and shallow stem wounds in the first trial resulted in successful
infection of N. fuckeliana and development of some stem depressions, it is unlikely
that these infection mechanisms play an important role in infection in the field.
Few wounds are found on P. radiata in plantations. Thus wounding is unlikely to
play a role as a primary infection court for N. fuckeliana.

Although no N. fuckeliana was isolated from inside the stems in the branch
crotch trial this does not rule out branch crotches as an infection court for this
pathogen. During the experiment, it was very difficult to simulate the effect of
snow weight on branches, particularly any repetitive opening and closing of the
branch crotch associated with branch movement. As a result, the experimental
conditions may not have been sufficient to allow penetration of spores into the
stem. Further trials of this nature are planned.
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