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FOREWORD

This meeting was to be held in St. John's, Newfoundland at the invitation of the Canadian
Forest Service. Because of the closure of the Newfoundland Research Centre, it was decided to
move the meeting to Quebec City, where it was held from May 25 to May 31, 1997.

Although we live in a society where people can now communicate through electronic mail,
this kind of meeting is still necessary as it offers a good opportunity to present data that are not yet
ready for publication in refereed journals or information that will never be published elsewhere. It
also allows for the exchange of information and presents opportunities for scientists working in the
same field of research to discuss work in progress with one another, to visit experimental sites and
plan future collaborations. We are therefore grateful to the International Union of Forest Research
Organizations (IUFRO) for giving us the chance to meet with colleagues from around the world.

The IUFRO Working Party 7.02.02, Foliage, Shoot and Stem Diseases of Trees was
meeting under this name for the first time. Indeed a change was voted at the last meeting in
Vallombrosa (June 1994), near Firenze, Italy. Members of the two IUFRO WP, S2.06-04 (Canker
and Shoot Blight of Conifers) and S2.06-02 (Foliage Diseases), decided to merge into this broader
group of Forest Pathology. The reduction of the number of working groups was in accordance with
the organization’s restructuring of the divisions. This working group is now classified under division
7: Forest Health. More information on IUFRO can be found on the Internet at the following
address: http:/iufro.boku.ac.at/.

This meeting was attended by 56 scientists and researchers from 11 countries in North
America, Europe and Asia. A total of 35 scientific papers were presented in 7 oral sessions and
16 posters were on display. Two field trips had been planned and proved to be very popular
among the participants. As well, they got to stroll through Old Quebec to observe the success the
campaign against Dutch elm disease was having in the city.

The following includes most of the contributions that were presented at the meeting with the
exception of papers from authors who did not want them published or did not provide their text.
In addition, a few manuscripts were included from members of our working parties who were not
able to attend the meeting. The papers’ contents are the responsibility of the author(s).

Gaston Laflamme, Local Organizer and Deputy IUFRO 7.02.02
Jean Bérubé, Local Organizer
Ursula Heiniger, Coordinator [IUFRO WP 7.02.02

ACKNOWLEDGEMENTS

We gratefully thank Mr. Guy Bussiéres of the Forestry and Geomatics Faculty of Université
Laval for his participation within the organizing committee as treasurer. We would also like to
mention Mrs. Louise Innes and Mr. Guy Croteau from the Quebec Department of Natural
Resources as well as Mr. Robert Blais of Natural Resources Canada for their help in preparing the
field trips. Mr. Pierre DesRochers of Natural Resources Canada and Mr. Pierre Coté,
representative of Quebec City, must be given credit for preparing and guiding the “elm watch” city

tour.
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Also, we address our thanks to Ms. Geneviéve Roy who helped us during the numerous
scientific presentations. As well, we would like to underline the work of Ms. Pamela Cheers, Mr.
Claude Heppelle and Ms. Diane Paquet of the publications staff of the Laurentian Forestry Centre.
Finally, we would especially like to thank the sponsors who helped us finance this activity: the
Laurentian Forestry Centre, Natural Resources Canada, Produits forestiers Bellerive Ka “N” Enda
Inc., Les industries James Maclaren Inc. and la Coopérative forestiere des Hautes-Laurentides.

J. Bérubé and G. Laflamme

AVANT-PROPOS

Cette réunion devait d’abord avoir lieu & St. John's, Terre-Neuve, a I'invitation du Service
canadien des foréts. Toutefois, en raison de la fermeture du Centre de foresterie de Terre-Neuve,
il a 6té décidé de déplacer la réunion & Québec, ol elle a effectivement eu lieu du 25 au 31 mai
1997.

Bien que nous soyons dans 'aire des communications instantanees, avec Internet et le
courrier électronique, ce type de réunion a encore sa place et offre une excellente occasion de
présenter soit des résultats qui ne sont pas encore formulés pour publication dans des revues avec
arbitres, soit de I'information qui ne sera jamais publiée ailleurs. Ces rencontres permettent aussi
I'échange d'information et offrent la possibilité aux scientifiques oeuvrant dans la méme spécialité
de discuter entre eux des travaux déja en marche, de visiter des sites expérimentaux et de planifier
des collaborations futures. Nous sommes donc trés reconnaissants envers I'Union internationale
des organisations de recherches forestiéres (IUFRO) de nous avoir offert la chance de rencontrer
des collégues venant de tous les coins du monde.

Le groupe de travail 7.02.02, « Maladies des pousses, du feuillage et des tiges des
arbres », se réunissait en fait pour la premiére fois sous cette appellation. En effet, un changement
fut décidé lors de la derniére rencontre qui a eu lieu a Vallombrosa, prés de Florence en ltalie, en
juin 1994. Les membres des groupes de travail S2.06-04 « Canker and Shoot Blight of Conifers »
et $2.06-02 « Foliage Diseases » ont alors décidé de fusionner en un groupe couvrant un plus
large spectre de la pathologie forestiere. La réduction du nombre de groupes de travail (GT) va
dans le méme sens que la réorganisation des divisions qui est en cours dans I'organisation. Ce
GT fait partie de la Division 7 : Santé des arbres. On peut obtenir plus d’information sur 'UFRO
a 'adresse Internet suivante : http://iufro.boku.ac.at/.

Un total de 56 scientifiques et chercheurs venant de 11 pays d’Amérique du Nord, d’Europe
et d’Asie ont participé a la réunion de Québec. Il'y a eu en tout 35 présentations réparties en sept
sessions et 16 affiches ont été exposées. Les deux excursions sur le terrain ont été tres populaires
et une marche dans la vieille partie de la ville de Québec nous a permis d’appreécier le succes du
programme de lutte contre la maladie hollandaise de 'orme mis en oeuvre par cette municipalité.

Ce compte-rendu comprend les textes de la plupart des communications et affiches
présentées lors de la réunion a 'exception de ceux dont les auteurs ne voulaient pas qu'ils soient
publiés ou ceux dont les auteurs avaient omis de les remettre. De plus, nous avons inclus
quelques textes de membres de notre GT qui n‘ont pu assister a la réunion. Enfin, il est a noter
que ce sont les auteurs qui sont responsables du contenu de leurs textes/manuscrits.
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Gaston Laflamme, organisateur et adjoint IUFRO WP 7.02.02
Jean Bérubé, organisateur
Ursula Heiniger, coordonatrice IUFRO WP 7.02.02
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SIGNIFICANCE OF LECANOSTICTA spp. TO PINES IN NUEVO LEON, MEXICO
J.G. Marmolejo

Facultad de Ciencias Forestales, U.A.N.L.,
Apartado Postal 41, Linares, N.L., 67700, Mexico

SUMMARY

A survey of the Lecanosticta species from Nuevo Leoén revealed that this genus is well
represented in the state. Lecanosticta acicola (Thiim.) Syd. apud Syd. & Petr. was found on Pinus
ayacahuite Ehrenb., P. cembroides Zucc. and on P. halepensis Mill. Lecanosticta gloeospora H.C.
Evans has been found only on Pinus pseudostrobus Lindl. A possible new species of Lecanosticta
with bigger spores (37-52 x 2.5-3.5 pm) than L. acicola was found on Pinus culminicola Andresen
& Beaman. Gloeocoryneum cinereum (Dearn.) Weindlm. [= Lecanosticta cinerea (Dearn. ) H.C.
Evans] was found on Pinus hartwegii Lindl. and on P. arizonica Engelm.

Keywords: Pinus spp., needle blight, Mexico
INTRODUCTION

The genus Lecanosticta is a very important fungal forest pathogen, since Lecanosticta
acicola, anamorph of Mycosphaerella dearnesii Barr, causes severe widespread needle blight on
several species of pines. Gibson (1978) mentioned this species as the cause of the most important
foliage pine diseases in North America. Evans (1984) studied this genus on Central American
pines, including some Mexican pines. The same author described a new species of Lecanosticta,
(L. gloeospora) from Nuevo Ledn on Pinus pseudostrobus and proposed a new combination:
Lecanosticta cinereafor Gloeocoryneum cinereum. However, this combination was not considered
valid, since no basionym was given.

The state of Nuevo Ledn, in northeast Mexico, has a great diversity of pine species. Eleven
species of pines are found in the state. Since only a few studies have been made on the fungi
associated with these species, this study presents the results obtained from a survey of the genus
Lecanosticta on pines in Nuevo Ledn and discusses the extent of this disease.

MATERIAL AND METHODS

Collections of pine needles presenting Lecanosticta-like fructifications were made. Notes were
taken of the host, damage and other ecological features. Specimens were then brought to the
laboratory where fungi were placed in a herbarium and examined using usual mycological

techniques.

All the examined specimens are deposited at the Herbarium of the Facultad de Ciencias
Forestales de la UANL (CFNL). Some specimens of Lecanosticta species hosted at the
International Mycological Institute (IMI) were also examined for comparison. A complete list of the
examined specimens is presented below:




Lecanosticta acicola

IMI 91340 type of Cryptosporium acicolum Thiimen Flora 1878, p. 78. [Lecanosticta acicola
(Thtim.) Syd.] USA, South Carolina, Aiken, col. H.W. Ravenel. In Pinus variabilis Lamb. 1876. in
Herbario Univ. Padova;

IMI 104312 Lecanosticta acicola, Durham, North Carolina, USA, 20.04.1940, Pinus palustris, F.A.
Wolf;

IMI 281599 L ecanosticta acicola, Acaxochitlan-Zacatlan, Puebla, Mexico, 9.05.1983, Pinus patula,
H.C. Evans;

IMI 281582 Lecanosticta acicola Montafia de Celaque, Lempira, Honduras, 18.10.1981, Pinus
ayacahuite, H.C. Evans;

CENL 318 Lecanosticta acicola El Orito, Galeana, Nuevo Leén, Mexico, 30.07.1987, Pinus
cembroides, 2300 m.s.l., J.G. Marmolejo;

CFENL 1204 Lecanosticta acicola Cerro del Potosi, Galeana, Nuevo Leén, Mexico, 29.08.1992,
Pinus ayacahuite, 3000 m.s.l., J.G. Marmolejo;

CFNL 329 Lecanosticta acicola Pablillo, Galeana, Nuevo Ledn, Mexico, 25.08.1989, Pinus
cembroides, 2000 m.s.l., J.G. Marmolejo;

CFENL 1203 Lecanosticta acicola Cerro del Potosi, Galeana, Nuevo Ledn, Mexico, 20.06.1992,
Pinus ayacahuite, 3000 m.s.l., J.G. Marmolejo;

CFENL 319 Lecanosticta acicola El Orito, Galeana, Nuevo Ledn, Mexico, 7.06.1990, Pinus
cembroides, 2400 m.s.l., J.G. Marmolejo;

CFNL Lecanosticta acicola Bosque Escuela, Iturbide, Nuevo Ledn, Mexico, 19.01.1995, Pinus
halepensis, 1600 m.s.l., J.G. Marmolejo;

CFNL 1276 Lecanosticta acicola Bosque Escuela, Ilturbide, Nuevo Leon, Mexico, 20.08.1994,
Pinus halepensis, 1500 m.s.l., J.G. Marmolejo.

Lecanosticta gloeospora

IMI 283812 Lecanosticta gloeospora lturbide-Galeana, Nuevo Ledn, Mexico, 16.05.1983, Pinus
pseudostrobus, H.C. Evans (Type);

CFNL 505 Lecanosticta gloeospora, La Palapa, Bosque Escuela, Iturbide, Nuevo Leoén, Mexico,
27.09.1990, Pinus pseudostrobus, 1500 m.s.l., J.G. Marmolejo.

Lecanosticta sp.

CFNL Lecanosticta sp. Cerro del Potosi, Galeana, Nuevo Ledn, Mexico, 6.06.1993, Pinus
culminicola, 3200 m.s.l., J.G. Marmolejo.

Gloeocoryneum cinereum

CFNL 503 Gloeocoryneum cinereum Aserradero Ejido 18 de Marzo, Galeana, Nuevo Leon,
Mexico, 15.11.1986, Pinus arizonica, 2100 m.s.l., J.G. Marmolejo;

CFNL 507 Gloeocoryneum cinereum Santa Clara, Galeana, Nuevo Le6n, Mexico, 13.03.1991,
Pinus arizonica, 1800 m.s.l., J.G. Marmolejo;

CFNL 1212 Lecanosticta acicola Cerro del Potosi, Galeana, Nuevo Le6n, Mexico, 20.06.1992,
Pinus hartwegii, 3000 m.s.l., J.G. Marmolejo.




RESULTS

Lecanosticta acicola. This species was found on needles of Pinus ayacahuite, P. cembroides
and on P. halepensis. The most severe damage was observed on Pinus halepensis, a
Mediterranean pine planted at the Faculty's experimental forest for research purposes. The
examined specimens showed similar dimensions to those obtained from the revision of the L.

acicola type.

Lecanosticta gloeospora. It was only found on Pinus pseudostrobus. This species, described
by Evans from Nuevo Ledn, was found with light needle discoloration. It differs from Lecanosticta
by its smaller and dark brown ascospores.

Lecanosticta sp. A species of Lecanosticta with bigger conidia (37-52 x 2.5-3.5 pym) was
collected with needle blight on Pinus culminicola, a dwarf pine species with an endemic distribution,
that grows at high elevations in Nuevo Le6n and the neighbor state, Coahuila.

Gloeocoryneum cinereum. This species was collected on Pinus arizonicaand on P. hartwegii,
with needle blight. Evans (1984) placed this species under Lecanosticta based on conidiogenesis
and conidial septation. He proposed to name it Lecanosticta cinerea; this combination, however,
is not valid, because no basionym was given.

This richness of the Lecanosticta species could be related with the richness of the pine
species (11 species) that are found in Nuevo Ledn. Although no serious problems caused by
Lecanosticta have yet been reported in the state, foresters should pay attention to this pathogenic
genus when pines are used for commercial use (e.g. plantations for wood, pulp or Christmas trees).

We thank the Facultad de Ciencias Forestales, UANL, Linares, Mexico and the Darwin
Initiative for the Survival of Species, United Kingdom for supporting this investigation.
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VARIATION IN MORPHOLOGY OF LIRULA ON PICEA IN NORTH AMERICA
J. A. Walla

Plant Pathology Department, North Dakota State University
Fargo, ND, 58105, USA

SUMMARY

Based on examination of specimens and previous descriptions of fungi in the genus Lirula,
there appear to be at least four Lirula species that occur on Picea in North America, only one of
which (L. brevispora) is currently published as a species. The previously described Lophodermium
filiforme is likely a taxon distinct from Lirula macrospora, with which it has been considered
synonymous. Distinguishing traits of the other new taxa are provided. Taxon A occurs in central
North America on P. glauca (Moench) Voss and P. pungens Engelm. Either this taxon or a similar,
but distinct, taxon in Europe may be considered equivalent to Lophodermium filiforme. Taxon B
is a distinctive taxon that occurs in eastern North America on P. rubens Sarg. Taxon C is a
distinctive taxon that occurs in western North America on P. sitchensis (Bong.) Carriére. Seven
taxa of Lirula on Picea are suggested in Europe and North America, as compared with the two
currently described.

INTRODUCTION

Darker (1932) provided descriptions of two Lophodermium species (L. macrosporum (Hartig)
Rehm, L. filiforme Darker) with elongate hysterothecia on Picea. Lophodermium macrosporumwas
basically considered to be a short-spored European species, and L. filiforme a long-spored North
American species. Terrier (1953) determined that previous measurements of ascospore length of
L. macrosporum were erroneous, and concluded that the two species represented the same taxon.
Darker (1967) subsequently placed L. filiforme in synonymy with L. macrosporum to form Lirula
macrospora (Hartig) Darker, but did not provide a description of the new taxon. This left previously
described differences unresolved. Cannon and Minter (1984) provided a description of Lirula
macrospora that was apparently based on descriptions of specimens previously known as
Lophodermium macrosporum, as, for example, the ascospore length, conidiospore length, and
conidiomata appearance fit previous descriptions of that taxon.

When Darker (1967) created the genus Lirula, he stated that there is an aggregate of closely
related Lirula species or varieties on Picea, and he noted that further study may necessitate the
reestablishment of a taxon distinct from L. macrosporabased on material he had previously named
as Lophodermium filiforme. Ziller (1969) subsequently described Lirula brevispora Ziller, a notably
short-spored (25-35 pm in length) species from British Columbia, Canada, as a species distinct
from those previously described. Thus, there are currently two species of Lirula described on
Picea. Stephan and Osorio (1995) described morphological and biological variation among three
specimens (two European, one North American) supporting the concept that L. macrospora is a
complex consisting of at least three different taxa. My observations of specimens and examination
of pertinent literature also indicate that L. macrospora is a complex of species. The objective of
this research is to describe morphological variation in the L. macrospora complex in North America.




MATERIALS AND METHODS

Several specimens were examined and published descriptions were used to compare certain
morphological and biological characters of fungi considered to be in the L. macrospora complex.
Specimens and literature examined to provide data for this paper were: for Taxon A: Grand Forks
County (Co.), North Dakota (ND), USA, on P. glauca (Moench) Voss, collected 25 June 1984 by
J. A. Walla; for Taxon B: Yancey Co., North Carolina, USA, on P. rubens Sargent, collected 22
June 1995 by G. A. Tuskan; for Taxon C: BPI 651548, Juneau, Alaska, USA, on P. sitchensis
(Bongard) Carriere, collected 5 July 1953 by J. W. Kimmey; for Lophodermium filiforme: BPI
651516 (type specimen), Bear Island, Lake Timagami, Ontario, Canada, on P. canadensis (P.
glauca), collected 1 July 1926 by G. D. Darker, and published description (Darker 1932); for Lirula
macrospora (Lophodermium macrosporum): published description and drawings (Cannon and
Minter 1984).

Additional specimens were examined to support the descriptions of these taxa. These
included, for Taxon A: Walsh Co., ND, USA, on P. glauca, collected 16 May 1984 by J. A. Walla;
Walsh Co., ND, USA, on P. glauca, collected 4 June 1986 by J. A. Walla; Stark Co., ND, USA, on
P. glauca, collected 20 July 1987 by J. A. Walla; Pembina Co., ND, USA, on P. glauca, collected
15 August 1993 by J. A. Walla; Rolette Co., ND, USA, on P. pungens Engelmann, collected 16
August 1984 by J. A. Walla; Pembina Co., ND, USA, on P. pungens, collected 8 June 1995 by J.
A. Walla; for Taxon B: Yancey Co., North Carolina, USA, on P. rubens, collected 19 October 1994
by J. A. Walla; Coos County, New Hampshire, USA, on P. rubens, collected 31 May 1996 by W.
Merrill; and for Taxon C: BPI 651547, Queen Charlotte Islands, British Columbia, Canada, on P.
sitchensis collected 28 August 1943 by R. E. Foster; BP1 651549, Youngs River Plantation, Clatsop
Co., Oregon, USA, on P. sitchensis, collected 23 April 1956 by J. Hunt and E. Wright; BPI1 651550,
Olney G. S. Highway 202, Oregon, USA, on P. sitchensis, collected 26 May 1955 by K. Wright;
Juneau, Alaska, USA, on P. sitchensis, collected 11 April 1997 by P. E. Hennon; for L. filiforme:
BPI 651517, Ste. Anne des Monts, Quebec, Canada, on P. canadensis, collected 19 September
1928 by J. H. Faull; BPI 651518, Claude, Quebec, Canada, on P. canadensis, collected 18
September 1928 by J. H. Faull.

Squash mounts of ascomata were scanned to measure about 10 of the largest individual asci
and ascospores. This was intended to somewhat compensate for the expected presence of
immature asci and spores in such mounts. Ascomata, conidiomata, and conidia were observed
in sections made by hand of fresh material and in sections made by microtome of paraffin-
embedded material. Surface characters of ascomata, conidiomata, and discoloration (bands and
spots of pigmentation) were made using a stereomicroscope.

RESULTS

Taxa A, B, and C were morphologically distinct (Table 1). The characters that distinguished
among these taxa were variations in the ascomata, conidiomata, and width of the basal needle
band (a band of pigmentation typical of L. macrospora infection). Distinguishing characters of
ascomata included position in and on the needle, width of ascomata, relative width of hymenia to
width of overall stromata, length of asci, type of fungal tissue to the sides of hymenia, extent of
covering by clypei, surface color, and presence of surrounding and underlying pigment.
Distinguishing characters of the conidiomata included size of conidiospores, position on the needle,
form and size, surface color, and presence of surrounding pigment. In the materials examined, the




three taxa occurred on different hosts and in different regions. Characters not useful in
distinguishing the taxa included ascomata length (all variable, extending to length of needle), ascus
shape (all a form of cylindric to clavate), ascospore shape (all a form of filiform) and size, and
conidiomata position in the needle (all intraepidermal).

Few differences were found between Taxon A and the type of L. filiforme (Table 1). The
differences consisted of the occasional presence of a black border around ascomata of L. filiforme
but not Taxon A, somewhat longer asci and ascospores in L. filiforme, different shapes of
conidiospores (as observed for Taxon A and described for L. filiforme), and a somewhat wider
basal needle band in Taxon A.

Taxon B appears to vary from all other described taxa primarily by the appearance of
ascomata and position of conidiomata (Tables 1, 2). Taxon C appears to vary from all other
described taxa primarily by the position of the ascomata in and on the needle (Tables 1, 2). The
fungi described as L. filiforme and L. macrosporum appear to be distinct taxa based on the size of
asci and possibly the size of ascospores, dimensions of conidiospores, presence of pigment around
and under the ascomata, and presence of pigment around the conidiomata (Tables 1, 2).

DISCUSSION

The variation noted in ascomata and conidiomata among Taxa A, B, and C indicates that they
likely represent discrete species of Lirula. Caution in assigning species rank is appropriate,
however, because the effects of host and environment on these characters need to be considered,
particularly in regard to presence and amount of pigment and length of life cycle. Fruiting body
position and spore size seem relatively unlikely to be influenced by these external factors.
Precedence has been established in using these characters to assign species rank. Darker (1932)
wrote that the position of ascomata, that is, the depth of insertion in the host tissues, appears to
be a constant feature for each species. He also wrote that length, breadth, and width of ascomata
are characteristic in the morphology of individual species. Minter (1981) used position of ascomata
in the needles to differentiate species of Lophodermiumon Pinus. Darker (1932) used position and
pigmentation of conidiomata to differentiate what are now Lirula species on Abies. Notably,
variation in morphology and pigmentation in different host species and environments is associated
with distinct Lirula species on Abies (Darker 1932). No precedent was found for assigning species
rank on the basis of length of the life cycle.

Ascospore length was not distinctive among the specimens observed. However, as Terrier
(1953) and Stephan and Osorio (1995) pointed out, measurement of ascospore length is accurate
only when using spores that have been released from hysterothecia. This situation essentially
means that ascospore length in herbarium specimens should not be used to determine the true
value of this character in species in the L. macrospora complex.

There appears to be at least seven species of Lirula (numbered #1 through #7) that occur on
Picea. Two are described species, L. macrospora (#1) and L. brevispora (#2). Another, L. filiforme
(#3), was described, but later named a synonym of L. macrospora; this is likely a distinct species
based on characteristics of ascomata, conidiomata, and pigmentation. Type | (#4) as characterized
by Stephan and Osorio (1995) would be unique if the ascospores of L. macrospora are actually
127-152 pm as described by Terrier (1953); in addition, the dimensions of conidiospores appear
distinctive from L. macrospora (Table 2). Characters of Type Il (Stephan and Osorio 1995)
overlapped with characters of Type Il except for the appressorium type, but the described
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differences in ascospore length may also be diagnostic. Types Il and Il appear to differ from L.
macrospora in the lack of a border around the ascomata and conidiomata and in the size of
conidiospores. These types could not be differentiated from L. filiforme based on the traits
provided by Stephan and Osorio (1995). Because Types Il and IlI differ from each other, one must
be a distinct taxon (#5), while the other may be considered to be equivalent to L. filiforme.

Of the taxa examined for this paper, Taxon A is the same as Type Ill of Stephan and Osorio
(1995). Taxon B appears to be a distinct taxon (#6) based on its unique conidiomata and on a
combination of characteristics of ascomata, conidiomata, and pigmentation. Taxon C appears to
be a distinct taxon (#7) based on the unique position of the ascomata in and on the host needle
and on a combination of characteristics of ascomata, conidiomata, and pigmentation. Type C is
likely the only one that can readily be distinguished from all the others in the field, due to the
position and color of the ascomata.

Lirula macrosporais a complex of distinct species in North America as well as in Europe. The
diversity of Lirula species on Picea appears similar to that on Abies, with seven taxa now
suggested.




Table 1. Characters of three taxa in the Lirula macrospora complex and of Lophodermium

filiforme.'
Character Taxon A? Taxon B Taxon C L. filiforme®
Ascomata - surface glossy black - glossy black in center,- dull black in - surface glossy
- no black border light brown beyond center, gray black
pbsewgd - some with narrow beyond - few with narrow
- mtraeplde_rmal black border - some with narrow black border
- between ribs - intraepidermal black border - intraepidermal
- clypeus extends nearly _ petween ribs - intrahypodermal - between ribs
to edge of tstgolma - edge of stroma - centeredon - clypeus extends
- Mo plgment Helow extends well beyond ~ abaxial midrib nearly to edge of
BlromTE clypeus - edge of stroma  stroma
- large pigmented area  extends well - no pigment below
below stroma beyond clypeus  stroma
- thin line of
pigment along
base of stroma
Asci 93-125 pm long 155-170 pm long 133-148 ymlong  133-140 pm long
[135-160]
Ascospores 63-90 pm long 73-88 pm long 63-88 um long 80-105 pm long
[115-160]
Conidiomata form and size very - elongate; centered on - form and size - form and size very
variable; appear as adaxial midrib; variable, but tend variable; appear
concolorous pustules concolorous with to be elliptical; no as concolorous
between ribs; no surrounding needle pattern in pustules between
pigment observed on tissue; very narrow position; coloris  ribs; no pigment
border black border light tan on observed on
- very difficult to observe - difficult to observe yellowish-brown  border
needles; narrow - very difficult to
black border observe
- easy to observe
Conidia - cylindrical - cylindrical - not found - not found [bacillar
to allantoid]
5-9 pym long 4-5 pm long [5-9.5 pm long]
Host - P. glauca - P. rubens - P. sitchensis - P. glauca
- North Dakota, US - North Carolina, US - Alaska, US - Ontario, Canada
Length of life 3 years 2 years 2 years - unknown
cycle
Tissue type - dense - dense - loosely packed - dense
on sides of pseudoparenchyma pseudoparenchyma  filamentous pseudoparen-
hymenia mycelium chyma
Avg. width of 416 um/471 ym 381 um/604 pm 379 um/651 pm 465 pm/504 pm
hymenia/ - ratio = 0.88 - ratio = 0.63 - ratio = 0.58 - ratio = 0.92
stromata
Basal band 61-183 pm 168-244 pm 30-76 pm 61-91 um
width

'Underlined characters are unique to that taxon.
2Taxon A is of similar origin to Type Ill of Stephan and Osorio (1995).
3Observations based on examination of type specimen. Information in brackets from Darker (1932).
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Table 2. Characters used to differentiate taxa of Lirula macrospora for comparison with Table 1.

Character Lophodermium Type I? Type 11 Type lII?
macrosporum’
Ascomata - surface not - glossy black - glossy black - glossy black
described - mostly with a - without a - without a
- black border finely notched peripheral dark peripheral
present dark line line black line
- intraepidermal - intraepidermal - intraepidermal - intraepidermal
- between ribs
- primarily abaxial
- clypeus extends
nearly to edge of
stroma
Asci 110-140 pm long
Ascospores 56-77 um long (52-) 60-88 pm 136-182 (-210) 102-140 (-156)
long pum long pm long
Conidiomata - irregular, often - form and size - form and size - form and size
oblong; very variable; very variable very variable
concolorous with very - very difficult to - very difficult to
host, with narrow pronounced observe observe
black border, with differences to
dark ostiolar area the
- easy to observe surrounding
needle tissue
- easy to
observe
Conidia - ellipsoidal - ovoid - cylindrical or - cylindrical or
rod-shaped rod-shaped
1.5-2 pm long (2.4-)4pmlong 4.8-72(-8.0)pm  4.4-9.6(-10.4)
long pm long
Host - P. abies - P. abies - P. abies - P. glauca
- Germany - Europe - Europe - Us
Length of life cycle 2 years 2to 8 years 3 years

Avg. width of
hymenia/stromata

-ratio = near 1.0

'Characters as described by Cannon and Minter (1984).
*Types from Stephan and Osorio (1995).
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LIRULA NERVISEQUIA ON SILVER FIR (ABIES ALBA) NEEDLES
IN THE MEDITERRANEAN REGION

G.P. Barzanti, S. Tegli, F. Moriondo, G. Maresi, P. Capretti

Istituto di Patologia e Zoologia Forestale e Agraria,
Universita degli Studi di Firenze
Piazzale delle Cascine, 28, 50144 - Firenze, Italy

SUMMARY

Damage in ltaly from Lirula (Hypodermella) nervisequia (DC ex Fr.) Darker has been
observed in Abies alba stands in the Alps and the Apennines (along the central peninsula). Lirula
nervisequia causes browning and desiccation on needles two or more years old. In the Alps it
affects both young and adult trees, while in the Apennines only young understory trees are
colonised. The first symptoms of infection usually appear in the spring. The greatest number of
hysterothecia is observed in the autumn. The infected needles generally remain on the shoots and
may also be colonised by other fungi. In Italy, the fungus is presumed to be endemic in A. alba
stands and the epidemic spread of the fungus occurs only after summer drought, when conditions
are unfavourable for silver fir growth.

INTRODUCTION

The Mediterranean climate in its annual cycle is characterised by a distinct period of summer
drought, a concentration of precipitation in winter, great variability in precipitation from year to year,
and hot to very hot summers and intense solar radiation. Most of the trees in this area belong to
species that have adapted to these climatic conditions. To give an idea of forest tree distribution
during the various ice-ages, it may be mentioned that currently there are ten species of Abies in
this area, whereas in central Europe there is only one. Many of these tree species grow in
mountain areas, isolated from one another, so that they somewhat resemble relict species. Only
Abies alba Mill. (silver fir) has maintained a more or less continuous range which extends from
central Europe to the Mediterranean Basin along the mountain crests of the Italian peninsula (as
far as Calabria) and Greece (Seigue, 1985).

Like the tree species of this area, the pathogenic fungi of forest trees are also strongly
affected by local climatic conditions, in particular by summer drought, which limits the time of
dissemination of pathogens that colonise leaves and needles, so that production and diffusion of
spores must be concentrated in the spring and autumn. Many of the pathogens in the area are the
same as those found in the temperate regions, but because of their geographic origin, they are
subject to water stress in the summer (Biraghi, 1955).

On silver fir, Lirula nervisequia (DC ex Fr.) Darker is fairly common. This ascomycete,
formerly known as Hypodermella nervisequia (DC) Lagerb., usually grows on needles two or more
years old, causing dieback, but not abscission. Hysterothecia that are characteristically black and
elongated, which often merge to form a single line on the lower leaf surface, form on the needle
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venation. The appearance of hysterothecia is preceded by the formation of pycnidial fruiting bodies
along the axis of the upper leaf surface. Itis usually the needles of the older internodes, understory
branches, or branches towards the centre of the crown that become infected (Biraghi, 1963). The
fungus is common on Abies alba and A. cephalonica Loud throughout Europe (Minter and Millar,
1984), but it is only rarely reported as a serious defoliating agent, and then only on particular sites.

MATERIALS AND METHODS

Between 1993-95, serious attacks of L. nervisequia were reported on two sites in Italy: at
Vallombrosa in the Apennines, and in Val Cauria, an Alpine locality. In both areas, samples of
branches with pathological symptoms were collected for inspection.

- At Vallombrosa, periodic inspections were carried out on sample trees from April 1995 to
February 1997. At approximately 2-month intervals the number of needles, grouped by age, in
each disease category (green; red; with fruiting bodies) was counted and the asci and ascospores
were measured.

- In Val Cauria, an assessment of damage was carried out in 1996 with transects of 50 min
the most seriously affected areas.

Precipitation data were recorded on both sites to assess the correlation between precipitation
and the development of the disease.

RESULTS

Vallombrosa. Observations in the field and laboratory examination revealed the presence of
both known varieties of the fungus: L. nervisequia var. nervisequia and L. nervisequia var.
conspicua Darker (Darker, 1967). They were found in two separate areas in the Vallombrosa
forest.

- L. nervisequia with pycnidial fruiting bodies not visible to the naked eye showed elongated
hysterothecia that rarely merged into each other. They averaged 2.4 mm long and 0.45 mm wide.
There were an average of 4 hysterothecia per needle. The asci were 118-190 x 18-24 pm (avg.
142 x 21 pm) while the ascospores were 46-68 x 2-4 pm (avg. 58 x 2 ym).

- L. nervisequia var. conspicua, whose pycnidia form a visible dark line along the nervation
of the upper needle surface, had the following size: for the asci 140-234 x 20-36 pm (avg. 185 x
28 ym) and the ascospores, 36-102 x 2-4 um (avg. 70 x 4 ym). The hysterothecia almost always
merged into each other, forming a single black fruiting body, of the same length as the needle itself,
and of the same width as the other Lirula variety (Table 1).

The life cycle of this fungus has not yet been fully established. As with L. nervisequia var.
nervisequia, needle reddening, the first symptom of the disease, is observed in the autumn (Sept.-
Oct.) on needles in their second growing season. The hysterothecia appeared the following winter
(Nov.-Jan.).
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Val Cauria. On this site only the variety conspicua was recorded. The percentage of infected
needles was extremely variable, and that of needles 2-6 years old with fruiting bodies ranged from
5 to 45%.

On each plot examined the disease affected 20-80% of trees with varying intensity. Trees
showing symptoms (comprising more than 70% of all trees) revealed strong infections that were
mostly concentrated in the lower third of the crown, where more than 40% of needles were also
infected. Many dominant trees suffered damage, though to a lesser degree, in the upper part of
the crown, and some even in the apex.

Precipitation data for the growing seasons in May to August of 1992-1994 revealed lower than
average precipitation during this period, both at Vallombrosa and in Val Cauria in the Alps. One
apparent indication resulting from the examination is that strong outbreaks of the disease tend to
occur after a drier than usual growing season. In Vallombrosa, the average number of infected
needles during 1992, 1993 and 1994 was respectively 59.6+1.8, 21.4+2.1 and 4.3+0.1. When
precipitation levels returned to normal, in 1994, the disease intensity also diminished (Fig. 1).

DISCUSSION AND CONCLUSIONS

The irregular weather pattern of the Mediterranean Basin, with strong periodic swings lasting
10-15 years, favours the spread of pathogens that at any one time are best adapted to a drier or
to a more temperate climate. During years with humid and cool springs and summers, pathogens
such as Marsonnina, Dothichiza, Cronartium, Melampsora, and Lophodermium are more likely to
thrive. These fungi are normally common in central Europe on poplar and pine, but when
condusive conditions occur they will also attack plantations in the Mediterranean area. When the
climate moves to a drier part of the cycle, however, these pathogens become sporadic, and are
limited to isolated northern mountain slopes, or humid valley bottoms.

L. nervisequia, though very widespread, seems to be a weak pathogen that exploits plants
already under stress and that, like a number of other pathogens, becomes more vigorous when the
host is subject to water stress during the growing season (Lehtijarvi and Barklund, 1995).

Severe outbreaks of L. nervisequia were already reported by Biraghi (1963) in the
Vallombrosa forest between 1950-1952, but always on understory trees in humid locations. Biraghi
(1963) considered anomalous weather conditions to be the prime reason why the fungus attacked
trees growing on the edge of stands with optimal ventilation and sunlight, and then disappeared

completely for 10 years.

The fungus outbreak reported here seems to be related to the considerable reduction in
precipitation during the 1992-1994 growing seasons. In Val Cauria, where silver fir grows in
conditions that are optimal for this fungal species, water stress that occurred in fir stands during
this period may be considered the probable inciting cause for the L. nervisequia attacks that were

reported.
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Table 1. Length of ascocarps, asci and ascospores of Lirula nervisequia collected from Abies alba
needles from the Vallombrosa forest.

L. nervisequia Ascocarps Asci Ascospores
var. 2350 X 450 pm 118-190 X 18-24 pm 46-68 X 2-4 ym
nervisequia
var. 2-3cm X 450 pm 140-234 X 20-36 pm 36-102 X 2-4 ym
conspicua
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A DESTRUCTIVE SWISS NEEDLECAST EPIDEMIC IN COASTAL OREGON
DOUGLAS-FIR PLANTATIONS

L.M. Winton, B. Capitano, P. Rosso, W. Sutton, J. Stone, and E.M. Hansen
Department of Botany & Plant Pathology
Oregon State University
Corvallis, OR 97331

INTRODUCTION

In the 1920's, Swiss needlecast and the fungus that causes the disease, Phaeocryptopus
gaeumannii, were described as devastating Swiss Douglas-fir Pseudotsugamenziesii plantations
(Gaumann 1930). From Switzerland the disease spread to Germany, Austria, and Czechoslovakia,
following the prevailing winds (Boyce 1940). In response to this epidemic, a survey was conducted
in Oregon & Washington in 1938 (Meinicke 1939). The fungus was found throughout the Douglas-
fir range but only on older senescing needles and never causing disease. The disease has since
limited the use of Douglas-fir in Europe, New Zealand (Hood & Kershaw 1975), the eastern United
States (Boyce 1940), and in Christmas tree plantations (Morton & Patton 1 970); wherever Douglas-
fir has been grown far from its native range.

Approximately ten years ago, foresters near Tillamook in Oregon's Coast Range began to
notice occasional yellow trees. As more and more trees were affected the problem came to be
called the Tillamook decline. Just three years ago this was recognized to be an epidemic of Swiss
needlecast with the characteristic symptoms of chlorotic needles, low needle retention, and poor
height and diameter growth. Last year the Oregon Dept. of Forestry mapped the extent of the
disease by aerial survey. They flew the entire Oregon coast and found Swiss needlecast affecting
over 50,000 hectares, mostly within a fog belt which extends from the coastline inland about 19
kilometers. This coastal fogbelt has historically been characterized as the sitka spruce-western
hemlock zone in which Douglas-fir has always been a relatively minor component of the forest.
Today however, these forests have been largely converted to young plantations of Douglas-fir. The
worst stands were found in Tillamook County. So what has changed between 1939 and 19977

The two main hypotheses addressed by the research program underway at Oregon State
University are 1) that there is a new, more aggresive strain of the fungus, and 2) that the
environment in the spruce-hemlock zone, where the disease is most prevalent, favors the
pathogen.

THE NEW STRAIN HYPOTHESIS

Population Structure. We are testing the new strain hypothesis using DNA and pathogenicity
markers. So far, we have a culture collection of about 250 single spore isolates, most of which are
from the Pacific Northwest. This year we are adding isolates from Europe, New Zealand, Canada,
and the eastern United States to our culture collection.
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A preliminary study using RAPD (Random-amplified polymorphic DNA) fingerprinting as a
means to estimate genetic diversity within P. gaeumanii has been completed. We used a small
subset of our isolates for the pilot study: three populations in Washington, five in Oregon, three
of which were in the Tillamook area, and two isolates from Pennsylvania.

In figure 1, the length of the branches corresponds to relative similarity of the isolate’s
fingerprints. Although the sample size and number of markers were too small for conclusions, it
is evident that there is significant genetic variability in this fungus. There are suggestions of
geographical clustering but no discernable correlation with pathogenicity. We are continuing this
approach by increasing the sample size and number of markers.

We are also testing pathogenicity by inoculating seedlings in a mist chamber with the
macerated mycelium of 5 isolates from stands expressing different levels of disease.

Anamorphic States. It has often been suggested in the literature that Rhizosphaera is the
anamorph of Phaeocryptopus, in part because the two fungi may be found on the same needles.
We were skeptical of this claim because not only do the two fungi look very different in culture, but
close relatives to Phaeocryptopus have hyphomycete anamorphs which produce conidia on
unprotected conidiophores. Rhizosphaera, a coelomycete, produces conidia within a protective
structure. Using cladistic analysis of ribosomal DNA sequences, we have shown that
Phaeocryptopus and Rhizosphaera are not closely related (Fig. 2).

THE CONDUCIVE ENVIRONMENT HYPOTHESIS

Environmental Conditions. The alternate hypothesis is that environmental conditions in the
Tillamook area favor spore release, needle infection, and development of the fungus. Nine plots
have been installed in three clusters. Each cluster includes one obviously diseased site, one mildly
diseased site, and one healthy site, where disease level is estimated by needle color and retention.
Each plot has spore traps and a weather station recording temperature, relative humidity, and
rainfall.

There were no convincing differences in the weather data. Lower elevation plots with more
serious disease were generally warmer through the spring months. These more severely diseased
sites were also drier through the spring months. Perhaps too much rain washes spores from the
air. Budburst occurred one to two weeks earlier at these sites and Phaeocryptopus spores were
trapped before budburst at all sites. Earlier work has demonstrated that most infection takes place
in newly expanding foliage, so it is easy to imagine that early flushing trees are exposed to more
inoculum.

Period of Infection. The next series of experiments was designed to determine period of infection
at sites with different disease levels. We are testing the correlation between the length of time
needles are exposed to inoculum and subsequent level of infection at test plots with visible
symptoms. Last spring, branch tips were bagged before budburst to prevent contact with airborne
spores. The bags were removed at two-week intervals through the growing season. This spring
we harvested those shoots and counted the pseudothecia emerging from the stomates to
determine periods and level of infection. At the severely diseased site, infection occurred until at
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least mid-August (Fig. 3). This experiment is being repeated this year to give us a better sample
size.

Effect on Host. Although the fungus is constantly associated with diseased trees, it is also present
on trees with minimal symptoms. We looked at needle retention to test the relationship between
infection and actual damage. Branches were collected from three sites before budburst and
pseudothecia were counted on a sample of needles which were infected last spring.

Figure 4 shows the amount of fungus present at different disease levels as determined by
needle retention. The severely diseased site, holding only last year’s needles, had over 35% of
stomata blocked by pseudothecia. The mildly diseased and healthy site, each holding nearly a full
needle complement, had far fewer pseudothecia on one-year-old needles.

Height and diameter growth are also reduced by this disease. We measured height and
diameter at breast height of ten trees at each of the test plots. The ten trees measured at the
severe site averaged much smaller for both height and diameter (Fig. 5).

Wood anatomy is also affected in diseased trees. Healthy Douglas-fir normally has much
more spring-wood with large, thin-walled tracheids than it does summer wood, with dense, thick-
walled tracheids. Trees infected with P. gaeumannii have this ratio reversed, and there is
disproportionately more summer wood than spring wood (Fig. 6).

Fungal Biology. We are using microscopy to clarify the conditions and mechanisms of spore
infection and subsequent development of the fungus on and within needles. In addition to planned
experiments to clarify optimal conditions, we have made several important observations. Using
cuticular peels we have found germinating ascospores forming appressoria over stomata. This
suggests that the fungus enters the needle through the stomate.

P. gaeumannii colonizes needles by vegetative hyphal growth on the needle surface as well
as internally. Using cuticular peels, we have seen a positive correlation between external
vegetative colonization and disease intensity. We measured surface hyphae at a high and a low
disease site in early summer and again the following spring. At high disease, there is a significant
increase in the amount of surface hyphae over the 7-month incubation period (Fig. 7).

We are also interested in seeing how the fungus travels inside needles. Scanning electron
microscopy (SEM) shows extensive intercellular travel, with no cell penetration observed. This year
will see further SEM work documenting the extent and time-course of travel from initial infection to
eventual fruiting of P. gaeumannii.

TENTATIVE CONCLUSIONS

—

P. gaeumannii is genetically diverse, but there is no evidence yet to suggest a new strain.
2. Rhizosphaera is not the anamorph of Phaeocryptopus.

3. Disease is most severe on sites with year round moderate climate and a longer growing
season.
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4. Infection of current year needles is high on sites with poor needle retention and low on sites
with better retention.

5. The fungus increases vegetatively both on the needle surface and internally between cells.

Infection is through stomatal penetration.

7. Swiss needlecast severely impacts needle retention, height and diameter growth, and wood
anatomy.

@
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data were analyzed in NT-SYS using a simple-matching coefficient for the similarity matrix.
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of ribosomal DNA small subunit sequences (PAUP). R. parkeri is the designated outgroup. Bootstrap
values equal to or greater than 50% are displayed at the nodes. The scale bar represents the number of
steps along the branches.
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Figure 5. Growth characteristics of trees at three sites with different disease levels.
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Figure 6. Summer wood to spring wood ratios as a function of the number of needles per year retained by
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Figure 7. Comparison of average surface hyphae abundance beginning versus end of season at two sites
with different disease levels.
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NEEDLE FUNGI OF NORWAY SPRUCE - AN INVENTORY IN SWEDEN
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SUMMARY

Litter was periodically collected from four stands of Norway spruce, Picea abies, and needle
fungi were observed. Needles containing fruiting bodies of Lophodermium piceae, Rhizosphaera
kalkhoffiiand Tiarosporella parca accounted for up to 47%, 27% and 15% respectively, of the total
weight of the needle litter collected over a one-year period. The occurrence of L. piceae and R.
kalkhoffii showed characteristic differences between the stands. The annual fruiting cycle of L.
piceae was more regular compared with the annual cycle of needle-fall.

Keywords: Picea abies, Lophodermium piceae, Rhizosphaera kalkhoffii, Tiarosporella parca
INTRODUCTION

Norway spruce, Picea abies (L.) Karst., is indigenous in Sweden where it represents about
45% of the standing volume. The tree species has extended from the north, with the southern
boundary of its natural range passing through the very south-western part of Sweden. The planting
of indigenous and exotic provenances of Norway spruce, indigenous and exotic provenances has
increased markedly during this century, especially in the southern half of the country and also south
and west of its natural distribution. Over the last 50 years, faster growth, denser stands and, in
some cases, planting on unsuitable sites have all contributed to increasing the susceptibility of
Norway spruce forests to drought and to other damages. In addition, the atmospheric deposition
of acid and nitrogenous compounds is heavy in the south-west region.

Severe needle loss in Norway spruce occurred in southern Sweden in 1977 and 1983 after
very dry summers. There was concern that this indicated the onset of a forest decline in the region.
A comprehensive country-wide survey of crown transparency has been under way since 1984.
However, to find other criteria for assessing tree vitality an intensive monitoring program was
established that covered four mature spruce stands. Among other factors, needle fungi became
of interest. Preceding work had shown that fruiting bodies of Lophodermium piceae (Fuckel) Hohn.
and Rhizosphaera kalkhoffii Bubak on dead needles totally dominated the fungal flora of Norway
spruce needles in Sweden (Livsey and Barklund 1992). Before it fruits, L. piceae lives for several
years in the living needles as an endophyte (Barklund 1987), and on the naturally senescent old
needles the development of fruit-bodies takes months. R. kalkhoffii, however, is regarded as a
secondary fungus in P. abies, which only invades needles that have sustained abiotic damage
(Diamandis 1978). Fruiting takes a couple of weeks on needles that have recently died. R.
kalkhoffii was never isolated from living needles in Sweden (Livsey 1995).
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MATERIAL AND METHODS

Litter was collected in four mature Norway spruce stands. Two stands were situated close
to each other at Séderasen (SO, latitude 56°07°) and Ténnersjdheden (TH, lat. 56°46") south-west
of, but close to, the boundary of the natural range of Norway spruce. The third stand is situated at
Ydrefors (YD, lat. 57°05°), also in the south but more to the east of the other stands; and the fourth,
Svartberget (SV, lat. 64°15"), is located in northern Sweden. At SO and TH, both influenced by the
Atlantic, the rainfall is about 1100 mm per year, and mean deposition was 20 and 16 kg N/ ha per
year respectively for the four-year period investigated. At YD and SV, where there is about 700
mm of rainfall per year, the deposition was 9 and 2 kg N/ ha and per year respectively.

In each stand the litter was collected in eight funnels, each covering 0.25 m®. The litter was
collected every second month from 1988 through 1991 and every third month in 1992. Collections
at the SU site could only be made during the growing season because there was too much snow
at other times.

The frequency of needles with fruiting bodies of the different fungi was determined by
examining 100 needles from each collector under a stereomicroscope. Needles without visible
insect damage were chosen. The frequencies were then used to calculate the weights of needles
with fruiting bodies of each fungus, which are presented in the figures. There was rarely more than
one fungal species per needle, and such data are not included in this report.

RESULTS AND DISCUSSION

On average for the four-year period, the weight of fallen needles per ha and year was 2750
kg at SO, 2130 kg at TH, 1610 kg at YD and 930 kg at SV. Amounts collected at each sampling
are presented in Figure 1. A large amount of litter is indicative of good tree growth in Norway
spruce. Thus the fact that needle-fall was higher at SO and TH than at YD suggests that growing
conditions were better at the first two sites mentioned. Conditions for good growth in the south-
west is the reason why Norway spruce is grown much in this region. The lower litter amounts (i.e.
less growth) at SV can be attributed mainly to the much shorter growing season in the north.

In Scandinavia and elsewhere in Europe (Heiniger and Schmid 1986), needle-fall in Norway
spruce was reported to show a main peak in the autumn or winter, with a smaller peak sometimes
occurring during spring or early summer. In previous work at the sites used in the present
investigation (TH and YD) the same pattern was found during 1986-1988 (Livsey and Barklund
1992). However, during 1989-1992 such a pattern in the needle-fall could only be detected at YD
and only for one year (1988-89) (Fig. 1). The preceding period (1986-1988) was characterised by
unusually cold winters as well as cold and rainy summers. By contrast, during the following years
(1989-92), the monitoring period was characterised by very warm winters, with little snow, and dry
summers. The unusual weather could be the reason for the different pattern of needle-fall
observed. At YD strong peaks in needle-fall in the autumn were observed, but although autumn
peaks also occurred at SO and at TH, the needle-fall at both sites seemed to be irregular and
prolonged, while continuing in the spring (Fig.1). Itis also a fact, that at SO and TH the winters are
influenced by the maritime climate.
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At most, about 1300 kg of needles with L. piceae was collected per ha during a single year
at TH, which represented ca 42% of the needle litter. The corresponding value for R. kalkhoffii at
SO was about 1000 kg, representing ca 27% of the needle litter. Less than 0.1 % (by weight) of
the needles collected in the south contained fruiting bodies of Tiarosporella parca (Berk. et Br.)
Whitney. In the northern SV site, needles with fruiting bodies of L. piceae and R. kalkhoffii
accounted for up to 47% and 15%, respectively, of the needle-fall in one year. The proportion of
needles containing fruiting bodies of T. parca was, at most, 15%. Solhiem (1989) also reported T.
parcato be common in northern Norway. Fruiting bodies of other needle fungi were rare at all four
sites.

L. piceae fruiting bodies develop in needles falling during autumn and winter (Osorio and
Stephan 1991). In most of the collected needles with L. piceae the fungus was in the Leptostroma
stage. Ascomata of L. piceae were only found late in the season. Both stages were included when
calculating weights of needles with L. piceae (Fig. 2). A temporal pattern is evident: Needles with
the developing fruiting structures of L. piceae started to fall in the autumn, and the main fall of
needles with L. piceae fruiting bodies was over by February (Fig. 2). At TH, SV and YD, the peak
in needle-fall generally coincided with a peak in the proportion of needles with L. piceae fruiting
bodies but this tendency was somewhat weaker at SO. The fruiting of L. piceae, which completed
its life cycle, seemed to occur more regularly than the needle-fall.

The occurrence of R. kalkhoffii (Fig.3) showed a less distinct periodic pattern compared with
that of L. piceae. The development of R. kalkhoffii may be strongly tied to weather events.
However, the regular occurrence of R. kalkhoffii in the summer indicates that winter can be
unfavourable for fruiting of the fungus. Since SO and TH were the warmest sites, temperature
could explain why the fungus occurred year round at those sites. However, differences in the
frequency of R. kalkhoffii between SO and TH cannot be explained by temperature. The soils at
SO and TH are of similar type and have about the same water-holding capacity. However, there
has been substantial nitrate leaching from the soil at SO, whereas no nitrate leaching from the TH
soil has been noticed. This difference can be attributed mainly to the higher deposition of
nitrogenous compounds at SO and suggests that trees are under more stress at SO than at TH.
One could thus speculate that weather-related damage, and thus needle susceptibility to infection
by R. kalkhoffii, should be higher at SO.

The fungal flora showed characteristic differences between the four sites. However, although
the monitoring was continued for more than four years, it is still difficult to generalize the results and
identify trends. Needle-fall is greatly influenced by weather, and the results need to be analysed
together with accurate weather data.
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The weight of needle litter
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Figure 1. Weight (g) of fallen needles per 0.25 m?collecting surface. Each bar represents one sampling
period in the mature Norway spruce stands at Séderasen, Ténnersjdheden and Ydrefors. At Svartberget
the litter collected in the spring had fallen during the preceding winter months.
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Figure 2. Needles with fruiting structures of Lophodermium piceae (black bars) and the weight (g) of all
fallen needles (grey bars) per 0.25 m? of collecting surface Each bar represents one sampling period in
the mature Norway spruce stands at Séderasen, Ténnersjoheden, Ydrefors and Svartberget.
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Figure 3. Needles with pycnidia of Rhizosphaera kalkhoffii (black bars) and the weight (g) of all fallen
needles (grey bars) per 0.25 m? of collecting surface. Each bar represents one sampling period in the
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mature Norway spruce stands at Séderasen, Ténnersjéheden, Ydrefors and Svartberget.
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SUMMARY

The ITS regions of the fungal ribosomal DNA from Lophodermium seditiosum and L. pinastri
were sequenced. After comparing the sequences of these two species, specific primer pairs were
designed that made it possible to detect a latent infection of L. seditiosum in healthy-looking pine
needles.

The fungicide Propiconazol had only a slightly suppressive effect on infection by L. seditiosum
but the disease was effectively controlled with the fungicides azoxystrobin or fluazinam.

INTRODUCTION

Lophodermium seditiosum Minter, Staley & Millar is a serious needle pathogen on pine. In
Sweden Pinus sylvestris L. in south and middle Sweden is particularly susceptible. During certain
years a heavy infection can result in severe needle loss in young plantations and in nurseries,
which can result in reduced growth or even in the death of young seedlings. Lophodermium often
infects pine seedlings in nurseries. During recent years, serious outbreak of the pathogen have
occurred in many nurseries in the southern and middle parts of Sweden, and the recommended
fungicides (propiconazol and tolylfluanide) have not been effective in many cases. In other
countries various maneb preparations are often used to control this pathogen, but the use of this
fungicide is prohibited in Swedish forest nurseries.

Although many different Lophodermium species have been found on pine needles (Minter
1981) only L. seditiosum is considered to be pathogenic (Diwani and Millar 1987). L. seditiosum
infects pine during late summer or autumn, and signs of infection (small yellow spots) appear on
the infected needles later the same autumn (Butin 1995). In spring after the snow melts red/brown
spots appear, and eventually the whole needle turns red. In early summer, small, grey to black
pycnidia are formed, resembling a small pencil line. Ascocarps are formed in summer or autumn.
Identification of the species is based mainly on the morphology of the ascocarps.

Nursery managers in Sweden have emphasised the need to detect and identify the pathogen
during its latent phase and that more effective fungicides are required to control the disease.
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MATERIAL AND METHODS

Primer design

DNA was extracted from two isolates each of L. seditiosum and L. pinastri. The ITS region
of the fungal ribosomal DNA was amplified according to Stenstrém and Ihrmark (1997a) using PCR
(polymerase chain reaction) and the universal primers ITS 1, ITS 2, ITS 3 and ITS 4 (White et al
1990). The whole ITS region from each of two fungi, both containing about 520 base pairs, were
sequenced. The sequencing reaction was performed using the Taq Dye Deoxi Terminator cycle
in an Applied Biosystem 373A sequencer.

ITS regions for the two fungal species were then compared. At sites with differences in
sequence, primers were designed for L. seditiosum with as many base-pair differences as possible
in the 3' end between the two species. Five primers were placed in the ITS 1 end and four in the
ITS 4 end. Each primer consisted of 18 to 24 base pairs.

The PCR amplification procedure described above (Stenstrdm and Ihrmark 1997a) was
repeated with an annealing temperature between 58 and 64°C except this time the newly designed
primers were used. To determine the specificity of the primers, DNA was extracted from various
specimens of fungiin our culture collection that had all been isolated from needles (Botrytis cinerea
Pers.:Fr., Cenangium ferruginosum Fr:Fr, Cladosporium sp., Diplodia sp., Lophodermium pinastri
(Schrad:Fr) Chev., Penicillium sp.,Phomopsis sp., Phacidium coniferarum (Hahn) DiCosmo,
NagRaj & Kendrick, Sclerophoma sp., Trichodermasp.). DNA was also isolated from pine needles
(Stenstrém and Ihrmark 1997) with fruit bodies of L. seditiosum and L. pinastri and from healthy-
looking needles with and without L. seditiosum.

Fungicide control

We evaluated the performance of three different fungicides against L. seditiosum:
propiconazol, which is recommended in Sweden for use against L. seditiosum as well as against
several other pathogens and which is registered for use in forest nurseries; fluazinam, which is
used against fungal pathogens in potatoes in agriculture, but is not registered for use in forest
nurseries; and azoxystrobin, a completely new preparation from Zeneca that is being registered
for use against fungal pathogens in agriculture (Zeneca 1996).

This investigation was carried out in a nursery, situated outside V,rnamo in the south of
Sweden, where there had been serious problems with L. seditiosum infection for several years.
The effects of the three different fungicides were assessed by comparing treated seedlings with
untreated control seedlings. Five plots were treated with each of fungicides once a month during
the summer and autumn of 1995, and at the same time seedling were checked for signs
(ascocarps) of L. seditiosum. The seedlings were treated with fungicides again during the summer
of 1996, and a final check for ascocarps was made in August the same year. In each ascocarp
check, ten out of 25 randomly chosen needles from every treatment was examined.. The number
of infected needles and the number of ascocarps per needle were measured.
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RESULTS AND DISCUSSION

Primer design

It was possible to amplify the selected ITS region of the ribosomal fungal DNA from L.
seditiosum with all the selected primer pairs. In some cases the primer pairs also amplified the ITS
region from L. pinastri or from the other tested fungi. However, one of the selected primer pairs
(Stenstrdm and Ihrmark 1997b) amplified the ITS region from L. seditiosum but not those from
other tested needle fungi. With this primer pair it was possible to identify L. seditiosum in needles
with early symptoms of L. seditiosum, such as yellow spots, and in needles with pycnidia or
ascocarps of L. seditiosum. It was also possible to detect an early latent infection in healthy-
looking needles from the untreated control seedlings described below under fungicide control.
Needles from seedlings testing positive for L.seditiosum were incubated and confirmed the
presence of L. seditiosum.

Fungicide control

Propiconazole did not have any effect on ascocarp formation during the first year (1995), but
during 1996, new needles were slightly less infected compared with those on untreated control
seedlings. Fluazinam had no effect on ascocarp formation during the first year, but the year after
(1996) the new needles did not show any signs of infection. Compared with control seedlings, those
treated with azoxystrobin already showed sharply reduced numbers of ascocarps by the first
autumn: Almost all of the untreated control seedling had ascocarps on their needles, whereas
ascocarps were found on only 10-25% of the needles treated with azoxystrobin. These seedlings
were still completely healthy during the following year as well.

CONCLUSIONS

* It is possible to design specific primers against L. seditiosum after sequencing the ITS region of
the ribosomal DNA. Using these primers in a PCR reaction, a latent infection of L. seditiosum in
pine needles can be detected before visible symptoms of infections appear.

* An infection of L. seditiosum can be effectively controlled with either Azoxystrobin or Fluazinam.
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OBSERVATIONS ON THE MORPHOLOGY AND HISTOLOGY OF
LOPHODERMIUM AUSTRALE ON ATTACHED NEEDLES OF PINUS TAEDA

Fred F. Jewell
School of Forestry, Louisiana Tech University, Ruston, LA 71272

SUMMARY

Lophodermium australe on Pinus taeda needles was examined morphologically and
histopathologically. In general, the morphological features of this fungus were found to be in
agreement with previous findings. The histopathology of the affected needle tissue was found to
be similar to that of other needle-cast organisms in that the major tissue effect was exhibited as
a collapse of the mesophyll cells in the symptomatic tissue with a limited observable presence of
L. australe.

INTRODUCTION

Lophodermium australe Dearn. is a well documented foliar fungus of Pinus spp. with a wide
geographical distribution (Hedgcock 1932, Minter 1981). The anamorph of L. australe was
described by Cooke (1878-9) and the teleomorph later by Dearness (1926). A rather spelling
description of this fungus was reported by Minter (1981). This fungus species has been
categorized as a saprophyte, pathogen, or both (Bega et al. 1978, Jewell 1993, Minter 1981, Roux
and Lundquist 1984, Staley 1975). The present work was initiated by observations over several
years in north Louisiana and south Mississippi of P. taeda exhibiting symptoms characteristic of
"needle cast", but with only L. australe present on the dead portion of the attached needles. Only
the last flush of needle growth from the previous growing season was observed to be affected by
this fungus. When present, the new growth of host pines did not exhibit the presence of L.
australe.

This report summarizes previous findings and, also, presents observations on the
macroscopic features and the pathological anatomy of L. australe in needle tissue of Pinus taeda
L.

MATERIALS AND METHODS

Needle samples (>150) exhibiting needle cast symptoms were coliected from April-dJune on
P. taeda in Louisiana and Mississippi. The symptoms included: 1) dying back from the needle tip
to about one-half or two-thirds with base portion to fascicle green; 2) distinct separation of dead
and green tissue, but with a narrow black separation line; 3) twisting and drooping of affected
needles; 4) and the uniform and unique presence of ascostroma considered typical for L. australe
on the dead needle portions (Minter 1981, Dearness 1926). The majority of the samples were
prepared for microscopic examination (Jewell 1988), while others were utilized for fresh mounts
prepared in lactophenol-aniline blue. In addition, >30 samples from apparently disease free
(normal) P. taeda needles were collected and examined microscopically.
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RESULTS

Normal Needle Tissue

The normal needle samples examined exhibited no visible tissue abnormalities, and were
similar to Harlow's (1947) description of P. taedaneedles. A Fumago sp. frequently was observed
in stomata of the sample needles, but previous experience indicated this caused no abnormalities
in the host tissues (Jewell 1994).

Morphology of the pathogen

The following is a brief summary on the morphology of L. australe from work by Cooke (1878-
79), Dearness (1926), and Minter (1980, 1981). Also included are more recent observations of this
fungus on P. taeda.

Stromata were present only on dead needle tissue, which was of a uniform light brown colour.
Zone lines were absent. Ascocarps were mostly amphigenous, black, elongate with acute ends
and with a common grey border and opened by a longitudinal split (Fig. 1A). Prior to opening,
ascocarps often appeared as black lines between two rows of stomata (Fig. 1B). Coalescing
ascocarps were rare. Asci were cylindric with an obtuse summit, narrow at the base, and with an
obvious terminal pore (Fig. 1C). Ascospores were linear, surrounded by a mucilaginous sheath,
discharged through a terminal pore, and frequently coiled in the terminal and/or basal portion of the
ascus (Fig. 1D, E). Paraphyses were numerous, linear, and commonly longer than the asci. The
paraphyses tip configuration varied considerably; uniformly linear and straight, slightly swollen, or
hooked and swollen or non-swollen (Fig. 1F). Some tips appeared to be segmented (Fig. 1F). The
sizes of stromata, asci, ascospores, and paraphyses compared favorably with the earlier
descriptions (Dearness 1926, Minter 1981).

The anamorph (Leptostroma durissimum Cke.) of L. australe was frequently observed on the
dead portion of the attached needles along with the ascocarps. These stromata were usually
exhibited as thin, black lines between rows of stomata, and were usually shorter than the ascocarps
(Fig. 1A, B). Conidiomata commonly opened by a longitudinal split at one side of the stroma similar
to Minter's Group 3 (1980). Conidiophores appeared to have a swollen base and tapering to a
somewhat pointed tip (Fig. 1G). Conidia were hyaline, non-septate, rod-like, linear, much longer
than wide, with somewhat obtuse ends, produced terminally on the conidiophores, and expelled
in a white mucilaginous mass (Fig. 1H, I).

Pathological anatomy of affected needle tissue

Symptomatic tissue samples from P. taeda needles infected with L. australe exhibited the
characteristic collapse of mesophyll cells considered typical of needle-cast pathogens (Fig. 2A)
(Jewell 1990). This cellular collapse was the major cellular abnormality observed in the tissue
examined. Hyphae of L. australe were scarce in the collapsed mesophyll tissues, but when present
were inter- or intracellular, and filamentous (Fig. 2C). For the most part, cellular abnormalities did
not extend into or beyond the endodermis (Fig. 2C). However, in some cases, the endodermal cells
were slightly crushed, particularly subtending stromatic structures. The hypodermal and epidermal
cells appeared unaffected other than in relation to displacement in and around stromata. Hyphae
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were often observed in the endodermis, and in the transfusion and vascular tissues. These tissues
also appeared unaffected by the pathogen.

A rather distinct separation of non- and symptomatic tissue was exhibited at the juncture of
green and dead needle tissue (Fig. 2D). A stationary interface (Jewell 1990) was not observed in
the tissue samples examined. Intercellular hyphae were commonly observed in the non-collapsed
mesophyll adjacent to the symptomatic tissues (Fig. 2E), however, no obvious cellular abnormality
was associated with this hyphal presence.

Stromata of L. australe, at maturity, caused the subtending mesophyll to be crushed and
pushed onto the vascular system of the host needle (Fig. 2F, G). The stromata were observed to
be inserted in the host tissue as subepidermal at the edges, probably subcuticular at the midpoint
of the clypeus, and seated on the hypodermis (Fig. 2H, I). There appeared to be displacement of
epidermal cells by stromata development (Fig. 2H). Hyphae bordering and subtending stromata
were prevalent, conspicuous, and appeared similar to the textura globulosa and textura angularis
of Korf (1958). Filamentous hyphae were also observed at the edges in the cavity of the stromata
(Fig. 2H, I).

DISCUSSION/CONCLUSION

Examination of P. taeda needles infected with L. australe indicated this organism caused
tissue effects consistent with other pathogenic fungi known to cause needle cast (Jewell 1990).
The major abnormality exhibited was the collapse of the mesophyll cells in the symptomatic tissue
first described by Hartig (1874) and later assessed to several needle-cast pathogens (Jewell 1990).
The anatomical abnormalities associated with L. australe in the present work indicate this organism
causes pathological reactions in host needle tissue. Subsequently, a reasonable assumption would
be that L. australe is a pathogen capable of infecting healthy pine foliage. As with other needle-
cast pathogens, the considerable collapse of mesophyll cells associated with a scarcity of hyphae
of the pathogen, indicates the potential of toxin activity by L. australe.

In general, the morphology of L. australe was found to agree with the early reports on this
species (Cooke 1878-79), Dearness 1926, Minter 1981). The insertion of the stromata in the host
tissue was found to be difficult to determine decisively, as indicated by Minter (1981). Variations
in particular morphological features may be the result of stages of maturity in the feature or
structure observed. Ascospores, prior to release, being longer than the ascus might explain the
coiling of such spores in the asci. Indications of segmentation of paraphyses tips may be an
expression of age. Young paraphyses may not exhibit such tips. The fine details of the anamorph,
L. durissimum, require further investigation.
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Figure Legends

Magnifications of Figures 1 and 2 are approximate. as = ascospore(s); cs = coiled ascospore(s);
cm = collapsed mesophyll; ed = endodermis; ep = epidermis or cell(s); hd = hypodermis or cell(s);
pf = paraphyses tips; po = pore; a = ascocarp(teleomorph); b = ascus; ¢ = conidiomata(anamorph);
d = conidia (um); e = conidiophore(s); h = hypa(e); m = non-collapsed mesophyll cell(s); s =
mucilaginous sheath; t = transfusion tissue; v = vascular system.
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Figure 1. A-B - host needles exhibiting conidiomata and open ascocarps; B - immature conidiomata and
ascocarps; C - typical ascus with terminal pore and coiled ascospore in base, 400X; C - coiled ascospores
in terminal portion of ascus, 400X; D - ascospore being expelled through terminal pore of ascus, 400X; E -
paraphyses tips apparently segmented, 400X; F - conidiophores, 1400X; G-H - conidia, note mucilaginous
sheath, 400X, 1400X.
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Figure 2. A - transverse view of infected needle, 78X; B - characteristic collapsed mesophyll, cells, 75X; C -
collapsed mesophyll exhibiting intercellular filamentous hyphae, 420X; D - juncture of symptomatic and
green needle tissue, 131X; E - intercellular hyphae in mesophyll in green tissue, 511X; F - ascocarp - note
bending of subtending tissue, 85X; G - conidiomata, 76X; H- sub-epidermal insertion of ascocarp with
epidermal cell displacement, 151X; | - subepidermal insertion of conidiomata, 312X.
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FOVEOSTROMA MONTENEGRINUM N. SP., A NEW CAUSAL AGENT OF BARK
NECROSIS IN SILVER FIR

V. Vujanovic

Institut de recherche en biologie végétale, Université de Montréeal,
and Jardin botaniqgue de Montréal
4101 est, rue Sherbrooke, Montréal, Québec H1X 2B2, Canada

SUMMARY

A new species of Foveostromais described. Morphological and cultural characteristics of the
fungi are presented. The fungus is associated with occurrence of bark necrosis and dieback
branches of silver fir (Abies alba Mill.) in the Durmitor National Park, mountain region in
Montenegro, southern Europe. It is the first announcement of this genus on conifers in Europe.

Keywords: Abies alba, Foveostroma montenegrinum, new fungus species, Montenegro/
Yugoslavia.

INTRODUCTION

An investigation of bark necrosis and dieback of silver fir branches (Abies alba Mill.) was
conducted in the Durmitor National Park (UNESCO World Heritage Site, M&B) in Montenegro,
southern Europe (Fig. 1.), from 1991 to 1994. In the late summer, the diseased bark tissue
contained fruiting bodies of one undescribed species of Foveostroma.

The name Foveostroma (Coelomycetes, Deuteromycotina) was proposed by DiCosmo (1978)
as a new name for previously classified genus Micropera Léveillé, and later accepted by the other
authors (Funk, 1979, 1981; Sutton 1980; Rossman 1987; Hosagoudar & Balakrishnan 1991). On
Abies Mill. hosts, the genus represented two species, F. abietinum (Peck) DiCosmo was described
on Abies balsamea and Tsuga canadensis (DiCosmo, 1978) and F. boycei (Dearn.) Funk on Abies
grandis and Pseudotsuga menziesii (Funk 1967, 1976, 1981). According to Funk (1981), both of
the fungi occur with telemorphs in Dermea species and are usually considered to be parasites in
North America.

In Europe, Foveostroma is not a known genus on conifers. Sutton (1980) included one
species, F. drupacearum (Lév) DiCosmo, the anamorph of Dermea cerasi (Pers.:Fr) Fr., which
occurs on Prunus spp.

MATERIALS AND METHODS

Comprehensive research on healthy and dying coniferous forest ecosystems was carried out
from 1991 to 1994 in the Durmitor National Park. Special attention has been paid to five dominant
coniferous forest ecosystems where silver fir (Abies alba Mill.) is present: |.‘Alusko Borje’, Pinetum
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nigrae-illyricum (annual temp. average 7°C or -3°C in January); Il.‘Stevovica borje’, Pinetum
sylvestris (6°C, -4°C); lll.'Razvrsje’, Piceto-Abietum (5°C, -5°C); IV."Mlinski Potok’, Piceto-Abieti-
Fagetum, virgin silver fir forest (4°C, -6°C); V.‘Crvena greda’, Pinetum mugi montenegrinum (2°C,
-8°C). The elevation gradients of the forest communities were 800-900 m, 950-1100 m, 1200-1300
m, 1400-1700 m, and 1800- 2000 m above sea level respectively, with annual precipitation
gradients from 1000 to 2200 mm (Vujanovic 1995).

In each forest community, 24 trees with bark necrosis and dieback branches in the crown
(Funk 1981) were recognized. Twelve trees in each of the two high categories, H <4 and H > 4
m, were selected for sampling. Every year, in early summer, late summer and early autumn, the
four samplings of diseased branches from the each of the trees were collected.

Bark from individual branches was examined under a Wild binocular to determine expansion
of the bark necrosis or presence of the Foveostroma fruiting bodies. Transverse sections of mature
conidiomata were examined under a Carl Zeiss light microscope. Pure cultures were obtained by
sterilizing bark of 0.4 (long.) x 0.2 cm (diam.) cut portion, rinsed in 70% ethanol for 15 seconds,
emerged in 2% sodium hypochlorite for 2 min, then plated out onto 2% potato-dextrose agar (PDA)
and 2% malt agar (MA), and incubated for one month at 20°C under diffuse light.

RESULTS

Taxonomy

Foveostroma montenegrinum n.sp. Fig. 2. a; b; ¢; d; e; f. (Deuteromycotina, Coelomycetes,
Phyalostromatinae)

Conidiomata iregularia, eustromatica, pulvinaria, dissita vel gregaria, luteo-olivacea vel
olivaceo-brunea, immersa vel erumpentia, originem subperidermalia; irregulatum plurilocularia vel
convolutea, raro unilocularia, loculus conidiomatus ad inferiorem vel/et superiorem partem; 700-
1600 pm diametro, 500-1000 pm alt.; composita ex cellulis palide-olivaceo-brunneis “textura
intricata” ad basim, vel “textura angulatis” ad medium et superiorem partem conidiomatis. Ostiolata
absentia, dechiscent in paries apicalem “textura prismatica”. Conidiophora circa cavitatem
conidiomatis enascentia, simplicia vel ramosa, septata, hyalina, 15-40 x 2.5-3 pm; Cellulae
conidiogenae phiallides, hyalinae vel subhyaline, 20-30 x 2.5-3 pm, in muco involutae;
Macroconidia blastico-phyalidica, curvata, falcata vel sinuata, hyalina vel pallido-lutea, guttulata vel
non guttulata, 0-3-septata (5), 48-87 x 4-7 um; Microconidia hyalina, aseptata (3), filiforma vel
curvata, 15-35 x 2-2.5 pm.

Conidiomata irregular, eustromatic, pulvinate, scattered to gregarious, yellowish-green when
young, becoming green-brown at maturity, immersed to erumpent, subperidermal in origin,
expanded base immersed in host periderm, conic or flattened, furfuraceous or pruinose; irregularly
multilocular or convoluted, rare unilocular, locules situated in the lower part or/and in the upper part
of the conidiomata; 700-1600 pm in diameter, 500-1000 um in height; conidiogenous region
subhyaline to pale yellow, when the periphery wall is darker; tissue composed of cells at the base
pale olivaceous-brown textura intricata, become textura angularis in the medium and upper region
of the conidiomata. Ostiole absent, dehiscence by irregular breakdown and splitting central part
of apical wall cells in textura prismatica. Conidiophores completely lining locules, simple or
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branched, septate, hyaline, smooth walled, 15-40 x 2.5-3 pm. Conidiogenous cells phialides,
hyaline to subhyaline, smooth walled, 20-30 x 2.5-3 pm, invested in mucus. Conidia blastic-
phyalidic, hyaline to pale yellow, 0-3 septate (occasionally 4-5 septate in more year-old
conidiomata), smooth, thin walled, curved, falcate or occasionally sigmoid, guttulate or not
guttulate, 48-87 x 4-7 um, microconidia hyaline, aseptate (occasionally 1-3 septate in more year-
old conidiomata) filiform to curved, 15-35 x 2-2.5 pm.

TYPE: UBFP 5301 (University of Belgrade, Forestry Faculty-Forest Pathology), on branch
of Abies alba Mill., Zabljak, NP Durmitor, Montenegro/Yugoslavia, 27-VIlI-1993. Collected by V.
Vujanovic. Determinated by V. Vujanovic.

KNOWN DISTRIBUTION: Montenegro, Yugoslavia
TELEMORPH: Unknown

Cultural characters

Foveostroma montenegrinum appear as slovenly growth on PDA and very slovenly on MA
medium (Fig.3). Colonies growing on potato dextrose at 20°C attain a diameter of 5.9 mm and at
4°C of 1.5 mm per month. The cultures produce on PDA, flocosse-moderate aerial mycelium, pale
yelow, reverse yellow-brune, margin regular. The fungus growth on the MA at 20°C is 4.6 mm, at
4°C -1.0 mm per month, respectively, and produce appressed, scant aerial mycelium, pale yellow-
olivaceous to greyish, reverse olivaceous-brune (Fig. 2.f). Mycelium of this fungus is branching,
septate, uniformly narrow, hyalinae, 4-5 pm-wide hyphae.

Disease

The disease was found in 1993 and 1994, only in the virgin silver fir forest Piceto-Abieti-
Fagetum Blec. in the ‘Mlinski potok’ basin (1400-1700 m asl.) and mountain pine forest Pinetum
mugi montenegrinum Blec. of the ‘Crvena greda’ plateau (1800-2000 m asl.). Most silver fir at
these localities, above 1400 m asl., were exposed to severe early frost, -8°C in October 1992. In
1993, the branches (2 < 2 cm diam.) and leaders of 11% immature trees (H < 4 m ) were covered
by fruiting bodies of Foveostroma montenegrinum. Two percent of trees over 4 m were attacked.
The incidence of fungus infection did not increase in 1994.

The first collection made in late June contained immature pycnidia in reddish necrotic
depression areas and on the bark scars of fallen needles followed by the production of well-
developed pycnidia that contained mature macroconidia in early August. Callus tissues did not
form around bark lesions, but resin was frequently associated with it. Infected branches usually
die back to the stem, where the disease can be recognized. Dead needles were often colonized
by Cytospora sp., Tiarosporella abietis (Whitney, Reid & Pirozynski) var. alba Karadzic and
Rustroemia elata (Alb.& Schw. ex Fr.) Rehm. In the other sampling sites, situated under 1400 m
asl., Valsa friesii (Duby) Fckl. and Phomopsis abietina (Hart.) Grove were dominant.
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DISCUSSION

Sutton (1980), in the monograph on coelomycetes, gives the generic description of the groups
Corniculariella, Gelatinosporium and Foveostroma in the Phyalostromatinae, proposed that the
tissue structure of the conidiomata is the primary distinction between types of genera. At the
fungus species in this work, conidiomata well developed, eustromatic, unilocular to irregularly
multilocular stromata, composed of textura intricata and textura angularis cells; conidiophores
completely lining locules, simple or branched, septate; conidiogenous cells phyalides; macroconidia
blastic-phyalidic, septate, falcate to sigmoidal; suggest that the fungus should be classified in the
coelomycetes genus Foveostroma.

Rossman (1987) included, from genus Foveostroma on conifers, two species F. abietinum
(Peck) DiCosmo and F. boycei (Dearn.) Funk. Foveostroma montenegrinum, in which all
morphological characteristics correspond to the typical genus, is readily distinguished from the two
other conifer-inhabiting species.

Compared with F. abietinum (DAOM 191765) and F. boycei (DAOM 56758), including the
literature dates (DiCosmo 1978 and Funk 1981), the new species is characterized (Table 1) by
larger conidiomata, usually more than 1 mm in diam., immersed or erumpent, multilocular,
olivaceous-brown; longer conidiophores and conidiogenous cells, as well as wider macroconidia
(x diam.> 4 pm ; L/w = 12.3 ) and microconidia (x diam.> 2 pm ; L/w = 11.1).

Table 1. Size of fruiting bodies and spores of Foveostroma montenegrinum n.sp. compared
with other known species on Abies hosts.

Species Hosts |Conidiomata |Macroconidia | Relation | Microconidia | Authors
(pm) (pm) Liw (pm)

Foveostroma Abies 500-1000 x 40-87 x 3-4 18.1 11-22x1.5 DiCosmo
abietinum balsamea 600 (1978)
Funk
Foveostroma | Abies | 300-1000 x | 42-56 x 3-4 14.0 8-14 x 1-2 (1981)

boycei grandis 200-500

Foveostroma | Abies | 700-1600x | 48-87 x 4-7 12.3 15-35x 2-2.5 Funk
montenegrinum alba 500-1000 (1981)

Original

Furthermore, Foveostroma montenegrinumis characterized by distinctive culture, compared
with F. abietinum and F. boycei Funk (1967). The fungus growth is slower (on MA is 4.6 at 20°C
or 1.0 mm at 4°C per month) than F. abietinum and F. boycei. Colonies of F. boycei (growth on MA
at 20°C is 1 cm per month), produce very scant, whitish, yellow, aerial mycelium with 2-3
pum diameter hyphae, while F. abietinum produces a floccose culture with abundant white
mycelium. F. montenegrinum on MA produces appressed, scant aerial mycelium, pale yellow-
olivaceous to greyish, reverse olivaceous-brown, with 4-5 um diameter hyphae.
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Moreover, the new species has occurred on Abies alba Mill. host, which is different from the
two previously mentioned species. Funk (1978) showed that the Foveostroma species are specific
to host genus, and that the Dermea state is apparently very rare in most areas (Funk 1981).
Sexual state of F. montenegrinum was not discovered.

F. montenegrinum is associated with the bark necrosis of immature trees, especially after
early frost, similar to disease in Douglas fir associated with F. boycei (Funk 1967, Funk 1981).
Other fungi were not present on the diseased bark, and although no pathogenicity tests have been
conducted, evidence suggests that F. montenegrinum is the causal agent.

CONCLUSION

On the basis of morphological and cultural characteristics, a new species named
Foveostroma montenegrinum is described on Abies alba Mill. This fungus is the first member of
the Foveostroma to be described on conifers in Europe. Also, this is the first confirmation of the
revisionary study of DiCosmo ( Can. J. Bot., 1978, 56: 1665-1690) with a newly discovered
Foveostroma species. The fungus is associated with bark necrosis of silver fir.
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Figure 2. Foveostroma montenegrinum, a. Fructifications on bark of the branch from Abies alba, with
splitting central part of apical wall cells; b. Vertical section of fructification; c. Detail of conidiogenous region;
d. Immature conidia; e. Mature conidia; f. 4-month old culture on MA at 20°C.
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SUMMARY

Strasseria geniculata is recorded for the first time on Pinus jeffreyi, P. mugo ‘Hesse’, P. rigida,
P. tabulaeformis (Diploxylon), and P. albicaulis, P. cembra, P. strobus ‘Torulosa’ (Haploxylon). In
the arboretum of the Montreal Botanical Garden, the fungus was isolated from 24% of investigated
hosts (n = 29). Based on the morphology and dimension of conidia, as well as basal appendages,
the presence of three fungus types - Chaetosporella geniculata, Strasseria carpophila and
Plagiorhabdus crataegi is discussed.

Key words: Strasseria geniculata, new pine hosts, needle fungus.

INTRODUCTION

Twenty species and one form have been published in the anamorph-genus Strasseria (1982).
Sutton (1967) established the modern concept with a description of Strasseria, which has proved
to produce appendaged phialospores. Also, Sutton (1980) proposed that, regardless of host
(coniferous or nonconiferous), only one species of Strasseria should be recognized. Recently,
comprehensive and revisionary studies by Nag Raj (1982) confirmed Sutton’s concept, recognizing
only one species, Strasseria geniculata (Berk. + Br.) Hohn, from 15 different host genera (trees,
shrubs and herbs).

The fungus is known in Australia, Austria, Canada, Germany, Holland, Romania, the U.K., the
U.S.A., and the former U.S.S.R. (Sutton 1980, Nag Raj 1982). The first report on this species in
Canada was by Parmellee and Cauchon (1979) and it described its presence on Pinaceae from
Quebec and Newfoundland. Furthermore, Nag Raj (1982) reported the species’ presence in
Alberta and Ontario, emphasizing the importance of the fungus in Canadian forests where it is
associated with branch and twig cankers, and needle necrosis of Pinus, Abies, and Picea.

More frequently, S. geniculata was collected and described from substrates of Pinus hosts.
Thus, records exist on six pine hosts: Pinus resinosa Ait., P. radiata D. Don, P. strobus L. from
North America, and: P. halepensis Mill., P. nigra Arn. var. maritima, P. sylvestris L. from Europe
(Parmellee and Cauchon 1979, Sutton 1980, Nag Raj 1982). As a part of a study on the
biodiversity inventory of fungi taxa associated with three different pine crown ecological niches in
the Montreal Botanical Garden (Vujanovic et al. in preparation), colonization of pine needles by S.
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geniculata was investigated. This paper redescribes the fungus on seven new pine hosts which
were previously never reported.

MATERIALS AND METHODS

An inventory of the coelomycetes found on pines was carried out in the arboretum of the
Montreal Botanical Garden (QC) in 1996; 48 pine groups from five sections of the arboretum,
representing 21 species, bearing into two subgenuses (Haploxylon and Diploxylon), three sections
and six subsections. The pines are indigenous on three continents: America, Europe and Asia.

In April 1996, as seen in Table 1, of 29 pine hosts with symptoms of needles necrosis (red-
brown needles), approximately four trees for each host were selected. Simultaneously observation,
collection and fungus isolation were conducted on 40 needles (current year and second-year
needles) from each of the trees. Investigations were carried out at approximately one month
intervals, from June to September 1996.

Table 1. Classification* of the investigated Pinus species in the Montreal Botanical Garden
arboretum and their region of origin

Pine
Section  Subsection Subgenus Species Varieties, Pine region Forest zone
(No. of form or
needles) cultivars
Strobus  Cembrae Haploxylon  P. albicaulis Engelm. - Western North  boreal and
(5) America; subalpine
............................................................................................................................................................ MEXICO. ..o
Haploxylon ~ P. cembrae L. - N.W.and C boreal and
(5) Europe subalpine;
....................................................................................................................................................................................... temperate ...
Haploxylon  P. koraiensis Sieb et - Northern Asia temperate
.............................................................. (Bl BUCC, oo eeeeeeee e
Strobi Haploxylon  P. peuce Griseb. - Mediterranean temperate
.............................................................. 2 OO
Haploxylon  P. parviflora Sieb et - East and S.E. temperate
.............................................................. T OO - SO
Haploxylon  P. strobus L. - Western North boreal and
(5) ‘Pendula’ America; subalpine;
“Torulosa' Mexico temperate
Haploxylon  P. x shwerinii - -
............................................................. [0 s esswsn evesensenevssmoeseutomeossiceeemapes e 8k R R AR RS AR RSN
Haploxylon  P. flexillis James S Western North  boreal and
...................................................... (B seeessesssseesssesessesemessees e AMEMCE,_ SUDalDINE
"""" Haploxylon  P. ayacahuite Ehr. - Western North  subtropical
........................................................ (B aroeeeeeeesseeseessssessssnesessssnesesmesssseeeeessreeeessnreeesssd SMETCeeeeeesssneeeres
“Pinus Sylvestris Diploxylon  P. resinosa Ait. ) Eastern North temperate
............................................ (2D seeeesseressenessseeessssmeessseeeesseeessreseeee SEIICRL et
""""""""" Diploxylon  P. tabulaeformis - Eastand S.E. boreal and
(2-3) Carr. Asia subalpine;
........................................................................................................................................................ temperate....
'''''''''''''''''''''''' Diploxylon P. densiflora Sieb et - East and S.E. temperate
) Zucc. Asia
Diploxylon  P. sylvestris L. - N.W. and C. boreal and
2) ‘Fastigiata’ Europe; subalpine;
‘Waltereri  Northern Asia temperate
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Table 1 (cont'd)

Pine
Section  Subsection Subgenus Species Varieties, Pine region Forest zone
(No. of form or
needles) cultivars
Diploxylon  P. nigra Arnold - Mediterranean temperate
2) ‘Laricio’ -
e eeeesees e sssesossesemsssssmnsssneseeessssssssssenssesssssssnessse R TR R——
Diploxylon  P. leucodermis Ant. - Mediterranean temperate
.............................................................. B A A S AR A T A SRS
Diploxylon ~ P. mugo Turra - Northwestern boreal and
(2) ‘Gallica’ Europe subalpine;
‘Hesse’ temperate
Diploxylon  P. uncinata Mill. Mirb. - Northwestern temperate
.............................................................. 21 S ). .- S —
Pinaster  Australes Diploxylon  P. rigida Mill. - Eastern North temperate
.............................................................. B eeeeeeeeeeseeeeseeeseeessseseessoesssseesssrseees EATEIICRL o reesssnnssssen
Contortae Diploxylon  P. contorta Dougl. - Western North boreal and
(2) America; subalpine;
............................................................................................................................................................ Mexico.............temperate .
Ponderosae  Diploxylon  P. jeffreyi Grev. & - Western North boreal and
(2-3) Balf. America, subalpine;
............................................................................................................................................................ Mexico...........temperate ...
Diploxylon ~ P. ponderosa Dougl. - Western North temperate
(2-3) America;
Mexico

*Classification according to A. Farjon (1984)

The needles were examined under a Leitz Orthoplan microscope at 20x, 40x and 100x
magnifications, in order to determine morphology and size of fruiting bodies (20 f.b./host) and
conidia (100 con./host) of the fungus. Pure cultures were obtained by sterilizing 0.5 cm long needle
portions, emerged in a 1% sodium hypochlorite solution (20% Chlorax®, CA, USA) for 2 min, rinsed
for 10 s in sterile water, and then plated out onto 2% potato-dextrose agar (PDA, Becton Dickinson)
and incubated at 21°C.

RESULTS

Disease

S. geniculata was isolated from seven or 24% of the investigated hosts (29), as follows: North
American - P. jeffreyi Grev. + Balf. and P. rigida Mill. (Diploxylon), P. albicaulis Ehrenb. and P.
strobus ‘Torulosa’ (Haploxylon); European - P. mugo Turra ‘Hesse’ (Diploxylon), P. cembra L.
(Haploxylon); East Asian - P. tabulaeformis Carr. (Diploxylon). In these hosts, the symptoms
initially emerge as yellow and reddish brown spots, or transverse dispersed bands throughout the
surface of the needles. The frequency of fungus pycnidial conidiomata on needles was very low
in early summer (0.1%), increased in later summer (1.2%) and was higher in early autumn (5%).
Fruiting bodies (pycnidia) of S. geniculata developed into reddish-brown spots and bars on both
the abaxial and adaxial surfaces of the needles. The dominant symptom was a reddish-browning
and casting of 2"-year foliage in autumn, when more than 50 black, fully mature, pycnidial stroma
may be counted on each needle (Fig. 1A). In all cases, only the needles of the lower canopy were
infected.
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Description of the fungus S. geniculata

From pines, abundant occurrence of fruiting bodies in early autumn on necrotic or fallen
needles are picnidial conidiomata, immersed or erumpent, dark brown or black, single or
aggregated, lacunose or multilocular, ostiolate, wall of textura angularis, 90-250 (350) pm diam.,
60-150 (250) pm deep. Conidiophores arising from the inner cells of the locular walls, around the
locule, branched at the base, 1-2 septate, often reduced to conidiogenous cells, smooth, hyaline,
in mucus. Conidiogenous cells phialides, hyaline, smooth-walled, 3-10 x 2.3-3.7 pm. Conidia
hyaline, blastic-phialidic, allantoid to botuliform, apex obtuse, base truncate, smooth walled,
sometimes 2-3 guttulate, 7-15.7 x 2.3-3.7 pm (X =11.3 x 3.0 ), with an apical mucoid appendage
2-6 ym long, and a basal-filiform appendage 6-27 x 0.5 pm by which the conidium is attached to
the conidiogenous cell (Fig. 1. A, B, C, E). The telemorph was not observed for S. geniculata.

Mycelium of S. geniculata is hyaline, branching, septate, not uniformly narrow, 4-8 pm wide
hyphae. The diameter growth of the colonies on PDA was 12 mm per day at 21°C. Starting as
pale brown-grayish, becoming black later (Photo 1D) with a dark brown colour on the inverse side
of the Petri dish. There were few differences between the distribution of fruiting body into culture
obtained from different hosts. Fruiting bodies abundant, simple or aggregate stroma, uniformly
distributed throughout mycelium. Sometimes, the stroma was more aggregate and, as for isolates
of P. mugo ‘Hesse’, reduced in the middle of the colonies.

DISCUSSION

A total of 50 synonyms are known for this fungal species (Sutton 1980, Nag Raj 1982). Nag
Raj (1982), on the basis of conidial length and width, and basal appendage length, described 11
fungus types of Strasseria geniculata. The average size of conidia and appendages, according to
the original description from Pinus at the Montreal Botanical Garden, corresponded to three of the

described fungus types (Table 2).

Table 2. Size of conidia and basal appendages of Strasseria geniculata on seven different hosts
in the Montreal Botanical Garden arboretum.

Conidium
(pm)
Host collections Length Width Basal Fungus specimen types *
appendage
length

P. albicaulis
P. cembra
P. rigida 9-15.7 2.5-3.5 8-17 Strasseria carpophila
P. tabulaeformis
P. jeffreyi
P. mugo ‘Hesse’ 7.0-12.5 2.5-4.0 6.0-11.5 Chaetosporella geniculata
P. strobus ‘Torulosa” 8.0-13.8 2.5-3.5 7-27 Plagiorhabdus crataegi
Pinus spp. 7.0-15.7 2.3-3.7 6.0-27 Strasseria geniculata

*Our specimens were compared with data from the reference fungus types described by Nag Raj
(1982).
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The morphology and dimensions of conidia and basal appendages in this work, compared with
the Nag Raj (1982) data, suggested that the following fungal types are presentin S. geniculataon
pine species at the Montreal Botanical Garden: Chaetosporella geniculata, Plagiorhabdus crataegi
Shear and Strasseria carpophila. Among them, C. geniculata basal tubular appendages of conidia
were the most reduced. The Nag Raj (1982) list of examined fungus types in Pinus hosts includes
C. geniculata as well as Pestalozzia rolandii Fautr., Sphaeropsis geniculata Berk. + Br. and
Strasseria nigra Dearn.

For Strasseria geniculata, all seven fungus - host relationships are new reports. It is also the
first report of the fungus on an East Asian pine species, P. tabulaeformis. With the exception of
Pinus rigida, all the others (Table 1) originated from boreal and alpine forest zones.
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Figure 1. Strasseria geniculata: A. Fruiting bodies on needle; B. Vertical section of conidioma; C.
Conidiogenous cells; D. 1-month-old colony; E. Mature conidia.
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PHAEOCRYPTOPUS GAEUMANNII ON DOUGLAS-FIR PROVENANCES

B.R. Stephan
Federal Research Centre for Forestry and Forest Products
Institute for Forest Genetics
Sieker Landstrasse 2, D-22927 Grosshansdorf, Germany

SUMMARY

In a 22-year-old field trial with the extensive IUFRO Douglas-fir seed collection of 1966-68,
several provenances were selected for investigations about possible differences in the susceptibility
against the needle cast fungus Phaeocryptopus gaeumannii. From the 18 provenances of the
green variety, 8 of the grey variety and 5 of the blue variety were included. The percentage of
retained needles and the number of fungal pseudothecia on needles of four consecutive needle
age classes (1987 to 1990) generally showed a great genetic variation between provenances,
although differences between Douglas-fir varieties and regions were not so clear. The highest
numbers of fruit body formation occurred in four provenances from interior eastern British
Columbia. Southern interior provenances of the blue variety were generally less attacked.
Provenances of the green variety showed an intermediate behaviour. The annual loss of needles
did not necessarily correspond to the annual pseudothecia formation of the fungus on the
respective provenance.

INTRODUCTION

The fungus Phaeocryptopus gaeumannii(Rohde) Petrak causes a serious needle cast disease
in Douglas-fir (Pseudotsuga menziesii [Mirb.] Franco). This ascomycete was first found in
Switzerland in 1925 (Swiss needle cast disease) and was later described as a new species under
the name Adelopus Gdumanni by Rohde (1936). In the thirties, the disease spread epidemically
from Switzerland through southwestern Germany, and was also found in northern Germany and
Denmark. Apparently, it was introduced from the south (Lyr 1958). The disease caused severe
losses in Douglas-fir stands. In the last decades, the fungus occurred only locally and sometimes
became rare. But during the last ten years a severe increase of infections was observed in various
Central European countries (Van Dam 1991, Schultze and Raschka 1992, Kichemann 1993,
Bietlot and Malaisse 1994, Schroter et al. 1997). For about 20 to 30 years, Douglas-fir was
increasingly used for reforestation, and today the stands are even-aged. The fungus can now be
found in many 20 to 30-year-old European Douglas-fir stands.

Since the first occurrence of the Swiss needle cast disease, it has been reported on various
individual trees, progenies or provenances of Douglas-fir to P. gaeumannii infections (e.g Hood
1982, McDermott and Robinson 1989, Nelson et al. 1989, Bietlot and Malaisse 1994, Hood et al.
1990). In the present study, first results are given about the variation of Douglas-fir provenances
regarding the Phaeocryptopus needle cast disease under the environmental conditions of northern
Germany.
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MATERIALS AND METHODS
Douglas-fir provenance trial

The extensive IUFRO Douglas-fir seed collection of 1966-68 offered a good opportunity to
study possible variation of provenances regarding different susceptibilities to P. gaeumannii. A field
trial (Dgl 7) was planted with 3-year-old seedlings in the spring of 1973 in Grosshansdorf
(Schleswig-Holstein, northern Germany) and arranged in a randomized complete block design with
four replications. Coordinates for the trial were: 10°12°E, 53°39’N at an altitude of 40 m. Annually,
the mean temperature was 8.1°C (May to September 14, 3°C) and the mean precipitation was 739
mm (May to September 354 mm).

Beginning in the late eighties one could observe increasing infections of the trees by P.
gaeumannii in the Douglas-fir plantation. The four replications of the field trial seemed to be
homogeneously infected by this needle cast disease. Therefore, the Douglas-fir plantation was
investigated to determine whether there were differences in the susceptibility of provenances to this
disease. Thirty-one provenances from the natural range in North America were selected with 18
from the coastal regions of British Columbia, Washington, Oregon and California, 8 from the interior
of British Columbia, Washington and Oregon, and 5 from the southern interior of Colorado, Arizona
and New Mexico (Table 1).

Collection of samples

For further assessments, up to 16 branches were collected in the fifth whorl from the tops of
four trees of each provenance in the spring of 1991 before flushing. The internodes of the four
consecutive years (1987 to 1990) were investigated in these branches regarding annual shoot
length, total number of needles per annual shoot (age class), percentage of retained needles and
needle length. Also the number of pseudothecia of P. gaeumannii was examined on the
undersides of three randomly selected needles per age class by using a dissecting microscope.
The average numbers of fruit bodies per 10 mm were calculated for each provenance from the total
number of fruit bodies divided by the total length of the three needles.

In the following text, the total number of needles per age class, the percentage of retained

needles, and the differences between provenances in the mean number of fungal fruit bodies per
10 mm needle length are shown.

Statistical analysis
Statistical analyses were calculated with the SAS program package (SAS Institute Inc. 1 989).

RESULTS

Needle retention

The total number of needles per annual shoot varied between provenances, trees and age
classes depending on the respective shoot length. The annual shoots of four investigated trees
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per provenance had originally been between 40 and 60 needles. The number of needles was
generally highest in provenances of the green variety with longer shoots and low in the blue variety
with shorter shoots.

The percentage of retained needles was relatively high in all age classes with some differences
between the three Douglas-fir varieties (Fig. 1).

Needle retention was generally highest in the 18 provenances of the green variety. It was
about 90% to 100% in age class one (1990) with a decrease to 70% to 80% in age class four
(1987). The behaviour and ranking of these provenances were very similar in all age classes (see
Fig. 1).

The eight provenances of the grey variety showed a lower percentage of retained needles in
all age classes with about 80% to 90% in age class one (1990), decreasing to 70% to 80% in age
class four (1987).

Needle retention was lowest in the five provenances of the blue variety. The percentages
varied between 50% and 70% for all age classes. Differences between provenances were highest
in this Douglas-fir variety.

Needle infection of provenances by Phaeocryptopus gaeumannii

The black and spherical pseudothecia of P. gaeumannii occurred on the undersides of the
needles forming two parallel rows above the stomata and were easy to recognize and to count.
The distribution of fruit bodies was inhomogeneous in slightly infected needles. Consequentially,
the pseudothecia occurred in small colonies or spots, often near the needle tip. The undersides
of heavily infected needles were covered along the stomata rows by a more or less homogeneous
black layer. Counting was more difficult.

There was a great variation regarding the number of fruit bodies of P. gaeumannii on needles
of individual trees, of different provenances and within the four consecutive years. InFigure 1, the
mean numbers of pseudothecia counted per 10 mm needle length in the four years (1987 to 1990)
are shown for the 31 Douglas-fir provenances.

The 1-year-old needles (1990) of all 31 provenances were covered with fungal fruit bodies.
The mean number was relatively low with 36.9 pseudothecia/10 mm needle length. The highest
numbers were counted in four provenances from interior eastern British Columbia and in two
provenances from Colorado (no. 155) and Arizona (no. 157) with mean values between 70 and 120
fruit bodies/10 mm (Fig. 1). Most of the green variety provenances had fruit body numbers below
the average.

In age class two (1989), the needles had the highest mean number of all age classes with 45.8
pseudothecia/10 mm needle length (Fig. 1). However, two provenances (no. 14, Eagle Bay, BC;
no. 157, Kiabab Plateau, Arizona), which had pseudothecia on the 1-year-old needles, were free
of fungal fruit bodies on the 2-year-old needles. The maximal number of fruit bodies ran up to
about 180/10 mm needle length (provenance no. 111, Horsefly, BC). The same provenance had
already a high number in the age class one needles (1990). Very high figures also showed
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provenance nos. 109 (Dunster, BC) and no. 110 (Clemina, BC), all from adjacent seed zones of
the same geographical region in eastern British Columbia. The other four grey variety provenances
from seed zone 3040 of interior eastern British Columbia were either less attacked by needle cast
or uninfected (no. 14). Provenances of the green variety showed great differences from nearly zero
to about 97 fruit bodies/10 mm (no. 70, Denny Creek, Washington). Four provenances of the blue
variety were only slightly or not infected. One exception was no. 155 (Willow Creek, Colorado) with
113 fruit bodies/10 mm.

In age class three (1988), needles of 28 provenances showed fruit body formation. The
needles of three provenances were apparently free of infection (Fig. 1). The average for all
provenances was 22.8 pseudothecia/10 mm. The maximal number of fruit bodies was found in
provenance no. 110 (Clemina, British Columbia) with a value of 82.2/10 mm needle length. This
provenance had also high fruit body numbers in the needle age classes one (1990) and two (1989).
Also, some other provenances of the grey and green variety had relatively high numbers of fruit
bodies. Four provenances of the blue variety were either not or slightly infected. An exception was
provenance no. 169 (New Mexico), which was the only one in this age class to have such a high
number of fruit bodies (81.4/10 mm).

The 4-year-old needles (1987) had the lowest number of fungal fruit bodies with an average
of 8.7/10 mm (Figure 1). Thirteen provenances showed no fruit body formation whatsoever in this
needle age class. Eighteen provenances had needles with fruit bodies. Among them was
provenance no. 111 (Horsefly, British Columbia) with the maximal number fruit bodies/10 mm
needle length (33). One interesting point was that the five provenances of the blue variety showed
no fruit bodies.

DISCUSSION

In old-growth Douglas-fir stands of North America, the ascomycetous fungus Phaeocryptopus
gaeumannii (Rohde) Petrak is endemic and belongs to the mycoflora of old and young needles,
but is not very frequent and does not cause severe damage (Sherwood and Carroll 1974).
However, in recently established plantations (see e.g. Winton and Hansen 1997), in Christmas tree
plantations (see e.g. Michaels and Chastagner 1982), and especially outside North America, this
fungus can cause one of the most important needle cast diseases of Douglas-fir. The results of
the present study with Douglas-fir provenances grown under the environmental conditions of
northern Germany confirm earlier reports on differences in the susceptibility of Douglas-fir against
this fungus (Hood 1982, McDermott and Robinson 1989, Nelson et al. 1989, Hood et al. 1990,
Bietlot and Malaisse 1994). In this study, a distinction is made between provenances of the green
or coastal form, the grey or northern interior form, and the blue or southern interior form of

Douglas-fir.

Concerning the presence of pseudothecia of P. gaeumannii on needles, one can state that all
investigated Douglas-fir provenances can be attacked, but at different degrees, related to the four
consecutive needle age classes. All provenances had infected 1-year-old needles (1 990).
However, the number of uninfected provenances increased, when 2- to 4-year-old needles were
considered. This can be the result of the loss of infected needles over the years or of variation in
the resistance of provenances.
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Needle loss was relatively low in the four needle age classes. An obvious relationship between
the percentage of retained needles and the proportion of needles infected by P. gaeumannii could
not be found in the present study. That is in contrast to other studies, where the intensity of
infection and degree of needle retention were positively correlated (Michaels and Chastagner 1984,
McDermott and Robinson 1989, Hood et al. 1990). One explanation could be that the intensity of
the infection in the Douglas-fir plantation was still very low compared to other field trials under
study. It is known that premature needle loss by Swiss needle cast disease is also related to
environmental conditions unfavourable for the host plant, to events of deep frost in combination
with drought, and to variation in the sensitivity of a host tree to infection (Lyr 1958, McDermott and
Robinson 1989, Schroter et al. 1997). It will, therefore, be necessary to observe the development
of the disease incidence in the plantation during the coming years. Until now, the annual loss of
needles did not correspond to the annual pseudothecia production on the respective provenance.
Although needle loss per year was highest in blue Douglas-firs, it was obviously not only caused
by the needle cast fungus P. gaeumannii. In some cases, Rhabdocline pseudotsugae Sydow, the
other important needle cast disease, was also present on 1-year-old needles. The occurrence of
both fungi on the same needle was very rare. Provenances of the blue variety from the southern
interior are the most susceptible ones to R. pseudotsugae, but provenances of the grey variety can
also become infectious under the environmental conditions of northern Germany (Stephan 1973,
1981, Liesebach and Stephan 1995). The infection rate of R. pseudotsugae was not very high in
the investigated provenances, but might have contributed to some extent to the lower proportion
of retained needles in blue variety provenances (Fig. 1).

If the average number of pseudothecia formed on the undersides of the needles is an
indication of the degree of susceptibility on a Douglas-fir provenance, then there are great
differences between the provenances. Nelson et al. (1989) reported that the density of
pseudothecia on infected needles was a heritable, additive character in various Douglas-fir
progenies. Therefore, one should consider the differences between provenances in the present
investigation as genetic variation. For example, the four provenances from interior eastern British
Columbia exhibited the highest number of fungal fruit bodies in all needle age classes. That agrees
with results of Hood (1982), who studied natural second-growth stands in British Columbia and
found high infection rates in the interior. He observed that the mean infection varied regionally and
a relation with climatic patterns existed. According to Hood (1982) and McDermott and Robinson
(1989), one can assume that provenances from locations with higher rainfall, particularly from May
to July, show higher resistance to the Swiss needle cast disease. Therefore, provenances
originating from drier locations are presumably more susceptible, especially when grown on new
locations with higher rainfall. Besides humidity, water content of the needles, disturbances of the
water regime, and density of a stand all favour the development of shadow needles and have on
effect on increasing infection rate (Lyr 1958, Strittmatter 1974).

To summarize, one can state that there is pronounced variation between Douglas-fir
provenances regarding the intensity of fruit body formation of P. gaeumannii, although differences
between varieties and regions are not yet very clear.
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Table 1. Origin of the Douglas-fir provenances

No. State/ Location Latitude | Longitude Altitude
Province [°N] [°W] [m]
Grey variety
109 BC Dunster 5312 119.38 823
110 BC Clemina 52.85 119.08 884
111 BC Horsefly 52.30 121.32 823
8 BC Golden 51.38 117.00 869
14 BC Eagle Bay 50.93 119.22 442
15 BC Blind Bay 50.88 119.40 412
18 BC Salmon Arm 50.73 119.22 472
16 BC White Lake 50.12 119.25 518
Green variety
26 BC Stella Lake 50.28 12547 152
34 BC Sechelt 49.52 123.88 183
40 BC Cassidy 49.05 123.95 198
53 Washington Darrington 48.27 121.63 152
70 Washington Denny Creek 47.40 121.53 549
73 Washington Humptulips 47.32 123.90 137
74 Washington Matlock 47.30 123.43 503
83 Washington Packwood 46.57 121.67 655
86 Washington Neselle 46.37 123.73 46
90 Washington Cougar 46.08 122.30 503
94 Oregon Vernonia 45.77 123.22 213
117 Oregon Marion Forks 44.50 122.00 1067
120 Oregon Oakridge 43.90 122.37 884
103 Oregon Coquille 43.20 124.17 76
128 California  Gasquet 41.85 123.98 122
134 California  Scott Bar 41.73 123.10 1006
143 California  Wild Wood 40.38 123.00 1188
147 California___Fort Bragg 39.50 123.72 61
Blue variety
155 Colorado  Willow Creek 37.38 106.35 2743
157 Arizona Kiabab Plateau 36.30 112.15 2408
158 Arizona S. Francisco Peak 3520 111.40 2743
162 New Mexico Otero N. of James Canyon 32.55 105.30 2438
169 New Mexico -- 35.20 106.43 3307
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Figure 1. Percentage of retained needles (black dots) and average number of fruitbodies of

Phaeocryptopus gaeumannii (black columns) on needles of four consecutive needle age classes (1987 to

1990) of 31 Douglas fir provenances.
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Figure 1 (continued). Percentage of retained needles (black dots) and average number of fruitbodies of
Phaeocryptopus gaeumanii (black columns) on needles of four consecutive needle age classes (1987 to

1990) of 31 Douglas fir provenances.
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SOMATIC INCOMPATIBILITY STUDIES OF DISCULA UMBRINELLA STRAINS FROM
QUERCUS ALBA AND QUERCUS RUBRA

S. D. Cohen
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Riverdale, MD, U.S.A.
and George Mason University, Fairfax, VA, U.S.A.

SUMMARY

This study reports on an improved method for assessing mycelial interactions from fungal
pairing experiments of Discula umbrinella strains derived from Quercus alba and Quercus rubra.
Mycelial interactions were classified as to having compatible or incompatible reactions. Based on
compatible reactions, all D. umbrinella strains isolated from Q. alba and Q. rubra were classified
in one of six different mycelial compatibility groups. Mycelial compatibility groups distinguished
intraspecific genetic variation but not host-species specificity. Microscopic slide cultures were also
used to study mycelial interactions of paired cultures. Hyphal fusions were more common in
compatible reactions whereas mycelial inhibition and twisting were more common in incompatible
reactions. Strains from Q. alba and Q. rubra produced similar numbers of conidiomata on
autoclaved leaf discs on both oak species.

Keywords: mycelial incompatibility, vegetative incompatibility, endophyte
INTRODUCTION

Rayner (1991) described mycelial interactions in ascomycete fungi and defined the concept
of fungal individualism. He grouped fungal isolates based on compatible and incompatible mycelial
interactions. Anagnostakis (1987) used mycelialincompatibility as an effective means of identifying
intraspecific variation within field populations of the forest pathogen, Cryphonectria parasitica.
Anagnostakis (1987) referred to mycelial incompatible groups as vegetative incompatibility groups
(VC). Mycelial incompatibility is but one of many events associated with vegetative incompatibility,
the inability of two strains to fuse and form a stable heterokaryon. Kohn et al. (1990) proposed the
use of mycelial compatibility groups as an alternative to vegetative incompatibility groups as a
means to identifying the genetic variation within field populations of pathogenic ascomycetes. Kohn
et al. (1990) defined a compatible reaction as the ability of two paired strains to form a single
colony. Anincompatible reaction was defined as the ability of two paired strains to form a distinct
reaction line within the interaction zone of the two strains.

The purpose of this study was to develop somatic incompatibility techniques for Discula
umbrinella, an endophyte and plant pathogen of oak species in order to determine the range of
genetic variation present in the fungal population in a native plant community. Genetic variability
of forest endophytes and pathogens is an important component of forest management. Results
from this study will be incorporated into a proposed design for a forest health monitoring system
at the Patuxent Wildlife Research Center, Laurel, MD, U.S.A.
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MATERIALS AND METHODS

Discula umbrinella (Berk. et Broome) Sutton isolates were collected from leaves of two species
of oaks, Quercus albaand Quercus rubra at Patuxent Wildlife Research Center, Laurel, MD, U.S.A.
Cultures were isolated using an improved large scale technique (Cohen, 1997). The fungal isolates
were stored in sterile water and transferred to Difco potato dextrose agar when needed. Strains
were then transferred to water agar prior to somatic incompatibility testing. Two water agar blocks
containing a fungal strain were transferred to a microcentrifuge tube containing 1 ml of water. The
agar blocks were smashed with a pestle and suspended in water. For pairing of mycelial strains,
a .2 ml suspension of each of the two strains was placed 1 cm apart on oatmeal agar plates. The
oatmeal agar was prepared by heating 30 g of oats in 500 ml distilled water. The oat suspension
was filtered through cheesecloth. The remaining oat suspension was diluted to 1000 ml with
distilled water and 20 g of Bacto agar was added. All possible pairings were included such as Q.
alba x Q. alba, Q. rubra x Q. rubra, and Q. alba x Q. rubra. Strains were also self-paired for
comparison purposes. Mycelial interactions were judged to be compatible when mycelia of two
isolates intertwined easily, no noticeable line formed and hyphal fusions were common. An
incompatible reaction occurred when a fine white barrier line formed between two isolates or an
empty zone occurred when mycelia did not grow. A partial compatible reaction was defined if a
small portion of the contact included either a white barrier line or an empty zone.

Mycelial interactions were also observed microscopically on slide cultures. Three isolates
collected from white and red oaks were paired on slide cultures and observed for a range of hyphal
interactions such as hyphal fusing, intertwining, coiling and rejection after 3, 7 and 14 days. The
slide culture apparatus contained a glass slide elevated on two toothpicks on top of filter paper
sitting in a glass petri dish. This apparatus was sterilized and molten 2.0% water agar was dropped
onto the slide within the petri dish. Five percent glycerol was added to each petri dish to retard
drying out during the experiment. Two isolates were paired per slide by adding a drop of mycelial
suspension from each culture equidistant 1 cm from each other to the slide. Mycelial interactions
were observed and recorded photographically.

Fungal strains were tested for the ability to produce conidiomata on both white and red oak leaf
discs. Leaf discs were taken from one-month old oak seedlings using a 6 mm diameter hole
punch. Discs were then autoclaved and placed on 60 mm diameter water agar plates. Each water
agar plate was inoculated with an agar disc of the fungal isolate in the center of the plate.
Surrounding the inoculum to the left were three white oak leaf discs and on the right, three red oak
leaf discs. The plates were incubated for 3 weeks at 24°C under fluorescent lights. The number
of conidiomata per leaf disc was counted for each species.

RESULTS

Discula umbrinella strains from oak species did not form strong mycelia interactions when agar
blocks were plated directly on potato dextrose agar. Mycelial interactions were strongly enhanced
when mycelia were first grown on a weak media such as water agar, followed by inoculation of
oatmeal agar plates with mycelial suspensions. Mycelial interactions of paired strains included a
single colony formed, a clear inhibitory zone or a dense, white inhibitory zone formed between the
two paired strains. Partial compatible/incompatible interactions were also observed but not in high
frequency. Examples of compatible and incompatible pairings are found in Table 1.
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Table 1. Examples of mycelial pairing interactions of Discula umbrinella strains collected from
Quercus alba and Quercus rubra leaf discs

Pairing of Fungal Strains Mycelial Interactions
Q. albax Q. alba

WO0122 x WO122 Compatible

WO236 x WO236 Compatible

WO546 x WO546 Compatible

WO0655 x WO655 Compatible

Q. rubrax Q. rubra

RO122 x RO122 Compatible
RO226 x RO226 Compatible
RO1035 x RO1035 Compatible

Q. albax Q. rubra

WO0122 x RO122 Incompatible
WO0236 x RO1035 Compatible
WO546 x RO226 Incompatible
WO655 x RO226 Compatible

Paired compatible reactions were assigned to six different mycelial compatiblity groups. The
six mycelial compatibility groups did not distinguish Q. alba from Q. rubra strains but were able to
distinguish intraspecific variation.

Somatic incompatibility interactions were also studied at the microscopic level. Light
microscopy revealed many hyphal interactions including coiling, twisting, hyphal fusion and
inhibition. Hyphal coiling was common in both compatible and incompatible reactions. Mycelial
fusions were common in compatible reactions whereas inhibition and twisting were common in the
incompatible reactions.

Fungal strains from Q. alba and Q. rubra were able to produce conidiomata on autoclaved leaf
discs from either oak species (Table 2). The numbers of conidiomata produced by white oak
strains did not significantly differ on autoclaved white oak or red oak leaf discs. The same situation
occurred with respect to conidiomata numbers produced by red oak strains on white oak or red oak
leaf discs.
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Table 2. Number of conidiomata produced by Discula umbrinella strains on autoclaved Quercus
alba and Quercus rubra leaf discs incubated on water agar

Average number of conidiomata per leaf

disc'
Isolates Q. alba Q. rubra
Q. alba strains
WO122 22.83 (4.83) 16.67 (7.66)
WO546 24.17 (7.03) 15.17 (7.76)
WO0614 14.50 (3.93) 10.00 (6.87)
w0812 21.50 (3.39) 9.50 (5.82)
Q. rubra strains
RO112 27.50 (8.96) 16.67 (7.84)
RO226 16.16 (6.76) 9.50 (3.78)
RO315 20.17 (11.77) 13.83 (10.98)
RO426 37.67 (11.25) 23.67 (11.72)
! (standard deviation)
DISCUSSION

Somatic incompatibility studies with Discula umbrinella indicate that this technique is
suitable for detecting intraspecific genetic variation of fungal strains but is not sensitive enough to
detect host-species specificity. Mycelial compatibility grouping is a simple technique for
categorizing individuals within a fungal population. It is an inexpensive, useful technique for
surveys of large-scale field experiments to check for genetic diversity prior to employing more
sophisticated molecular tools.

It is interesting that mycelial compatibility grouping of Discula umbrinella revealed
intraspecific genetic variation but not host-species specificity. Further studies should be conducted
utilizing molecular tools to verify this finding. Haemmerli et al. (1992 ) isolated D. umbrinella strains
from beech and detected intraspecific genetic variation with randomly amplified polymorphic
(RAPD) profiles. They were able to determine that four separate individual genotypes were
isolated from a single beech leaf. Based on the RAPD work, Haemmerli et al. (1992) were also
able to group together oak and beech strains and place the chestnut strains into a separate group.

Mycelial interactions at the light microscopic level were less easy to use for screening
pairing reactions. The interactions were not as clear cut or quantifiable. Recording the interactions
at the macroscopic level proved to be more reproducible and useful.

Discula umbrinella strains easily produced viable conidia in conidiomata on potato dextrose
agar or oak leaf discs under the conditions of 12 h of fluorescent light at 24°C. Strains also
produced similar conidiomata numbers on autoclaved white oak and red oak leaf discs. This data
may indicate that white oak and red oak strains do not demonstrate fungal-host specificity.
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CONCLUSIONS

An improved technique for studying somatic incompatibility of D. umbrinella strains has
been developed. The technique is based on growing strains under starvation conditions and then
pairing macerated cultures on a reduced nutrient medium. This technique enhances the
compatible and incompatible hyphal interactions. Results of this study confirm intraspecific genetic
variation of fungal strains isolated from Q. alba and Q. rubra, but do not substantiate fungal-host
specificity.
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MYCOSPHAERELLA PINI (= SCIRRHIA PINI), THE PERFECT STATE
OF DOTHISTROMA SEPTOSPORA: FIRST OBSERVATION IN PORTUGAL

Nominanda Fonseca
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SUMMARY

Mycosphaerella pini, the perfect state of Dothistroma septospora, was recorded for the first
time in Portugal. The symptoms caused by the fungus, its morphological characters and
distribution on pine needles are presented here. The comparison with the related species Scirrhia
acicola is discussed.

INTRODUCTION

The ascomycete M. pini Rostrup in Munk was first found by Funk and Parker (1966) on
diseased needles collected on a range of pines on Vancouver Island (Canada). These authors
showed the genetic relationship between this fungus and Dothistroma septospora Dorog. Morelet
(=Dohistroma pini Hulbary) by means of single ascospore isolation that gave rise to cultures
indistinguishable from those obtained from conidia of D. septospora. They described M. pini as the
perfect state of D. septospora.

In 1967, the same ascomycete was found in France, as well as its imperfect state (Morelet,
1967, 1969). The presence of M. piniand its imperfect state D. septosporawas also demonstrated
by Gremmen (1968) on needles of P. ponderosa from Romania. This ascomycete has also been
recorded in California (Wagner,1967, in Peterson, 1981), Oregon (Peterson & Harvey, 1976) and
Alaska (Peterson, unpublished, referred to by Peterson, 1981).

In Portugal, the fungus is now identified for the first time on needles of P. pinaster Ait. at
Alcacer do Sal, on P. pinea L.at Montemor-o-Novo, and needles of P. radiata D. Don at Azbia

(Leiria).

Part of our collection is deposited at the International Mycological Institute-UK Herbarium,
under the number 287282, where the identification was confirmed by Dr A. Sivanesan.

MATERIAL AND METHODS

The parasite Dothistroma septospora was first found in Portugal on needles of Pinus
pinaster Ait. collected in S. Miguel Island, Agores (Fonseca, 1980). Collections made during the
spring of 1984 and subsequent years on P. radiata, P. pinaster and P. pinea, in several stands in
mainland Portugal, revealed the presence of needle blight with some of them dying from the tips
downwards. On dead portions, black fructifications which burst through epidermis were observed.
Sections were made of these fruitbodies.
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RESULTS

Signs and symptoms of infection

Diseased trees showed reddish bands on previous year needles, and on most of them a
reddening from the tips downwards is observed. The distal parts of these needles dies and bears
linear black fruiting bodies breaking the epidermis (Fig. 1). The reddening on current-year needles
is seen by the end of June and July.

The disease causes serious reduction of growth rate through destruction of foliage and in
cases of severe attack, it causes the death of the host.

Morphological characters of the fungus

Vertical sections on dead needle parts showed small spherical ascomata 35-80x15-20y,
(Figs. 2-3) developing within the host tissue and a short cylindrical ostiole emerging through the
stoma. Asci bitunicate, widest at the base, giving an inverted appearance, 45-50x7-10y, containing
eight ascospores, 12-15x3-4y, hyaline, fusiform to cuneate, 1-septate, slightly constricted at the
septum, the two cells being unequal (Fig. 4). The mycelium is ramified, intracellular and confined
to the mesophyll.

These observations led us to identify the ascomycete as Mycosphaerella pini Rostrup in
Munk (Evans 1984) = Scirrhia pini Funk & Parker, the perfect state of Dothistroma septospora.

DISCUSSION

Comparison with the Scirrhia acicola

The author of a previous paper (Fonseca, 1980) compared D. septospora (=D. pini), the
imperfect state of the fungus identified here, with Septoria acicola (Dearn.) Siggers. The presence
of a purplish-red pigment in the tissue of both ascigenous and conidial states of Mycosphaerella
pini is a valuable diagnostic feature. This pigment is capable of diffusing out in dilute KOH (Funk
& Parker,1966). The experiment was done with tissues of the conidial s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>