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Preface

This book brings together, for first time, a number of papers on forest pathology of China, Eastern
Russia and North America. These papers were based on extensive collecting and research done over a
period of forty years in variety of remote areas and thus offer an overview of the geographical and natural
distribution of fungi. Knowledge of phytogeography is becoming increasingly important in international
trade, especially in forestry business, at time when devastating plant diseases can spread rapidly. Papers
in this book deal not only with hundred thousand forest pathogens identified by author’s knowledge, of
which the fungi genus is the most important, but emphasize the importance of understanding the flora,
evolution and phytogeographical history of pathogens such as tree rust interaction with other plants.

Publication of this book would not have been possible without the great help and encouragement of
Berkeley/University and Jepson Herbaria especially my youth friend Jo-Sing Yang. | also received
significant support from many younger colleagues at the 2001 Chinese Forest Pathologist Symposium at
Huang Mountain who encouraged me to collect and publish my writings. Since this book has been put
together in haste, to be ready for the IUFRO conference, | Apologize for the fact that some mistakes are
inescapable. In a future edition, | intend to revise some of the materials and include more of my works.

My Background: | graduated from the plant protection department of Beijing agricultural university in the
middle 1950s. Since then until 1982, in addition to filling various teaching positions, I spent many years
as a member of large-scale scientific expeditions in virgin forests of Greater and Lesser Hinggan (Xian)
mountains, Heng-Duan Mountains and the Tibet plateau in Himalayas. My work focused mainly on plant
pathology, but | had a special interest in higher fungi, particularly rusts. | used methods learned from
professor Fanglan Dai in search collecting specimens in virgin areas and | received valuable help from my
professors Dafu Yu and shugun Deng in identification and classification of collected fungi specimens.

Since 1982 | have been living in the United States and have been involved with numerous research
and teaching projects, which are referred to in the following letter of recommendation written by U.C.B.
Professor Dick Parmeter. | am deeply grateful to Professor Parameter for his help and encouragement.
Through him and Professors Fields Cobb, David Wood and William J. Libby and access to U.C. Berkeley
field research facilities where | was able to pursue research in Pine-Oak Rust and Sugar Pine Blister Rust
and to investigate the life cycle of rust fungi in Pacific Cost and Sierra Nevada mountains.

For many years | have taught U.C. Extension classes on the cultivation of mushrooms for both food
and medicinal purposes and | have been instrumental in introducing valuable new edible and medicinal
mushroom species into the United States and European. In all my work, | emphasize the importance of
conservation of fungi in the natural environment. Mo Mei Chen

To Whom It May Concern: 1 April 1992

It has been my good fortune to work with Professor Chen Mo-Mei as a professional colleague and
friend for more than seven years. Her knowledge and experience in forest pathology and biogeography,
her experience with international forest problems, her flair for teaching, and her boundless energy and
enthusiasm have contributed greatly to our research, extension, and teaching programs. It is unfortunate
that our system does not provide means to properly reward Prof. Chen for her exceptional talent and
service.



Professor Chen came to us at Berkeley following her work on Dutch elm disease with Prof. E.
Smalley at the University of Wisconsin. Her first work here was with Prof. F. Cobb on epidemiology of
white pine blister rust in California. Her familiarity with Asian tree rusts proved valuable. Prof. Chen’s
subsequent work with North American tree rusts qualifies her as one of the leading authorities on
international rust relationships.

As Prof. Chen was completing her work on rusts, Prof. D. Wood and | were developing a research
program on interactions of pine hosts, bark beetles, and the blue stain fungi vectored by bark beetles.
Prof. Chen’s experience with Dutch elm disease and its associated bark beetle vectors uniquely qualified
her to contribute to our studies. In connection with these studies, Prof. Chen isolated and identified large
numbers of fungi from bark beetles, organized and maintained an extensive culture collection, helped
develop methods to prepare inoculum and test virulence of these fungi, and she participated in data
analysis and publication. Prof. Chen certainly became an authoritative integral, and valuable part of our
research program. Her contributions were outstanding. Since my retirement, the blue stain work has
wound down, and there is no longer financial support for Prof. Chen.

For most people, the work outlined above on Dutch elm disease, pine rusts, blue stain fungi, and
other forest problems would be sufficiently satisfying, but Prof. Chen’s energy, organization, and desire to
excel have allowed her to make many additional contributions to science and teaching. One of the chief
activities has been the facilitation of numerous exchange visits between U.S. and Chinese scientists and
scholars, and she has played a key role in arranging important contacts and in developing promising
programs in U.S./China cooperation. Her knowledge of geography and forestry provides special bases for
planning field trips for U.S. scientists in China and Chinese scientists in the U.S. Prof. Chen is the most
competent and accomplished arranger of exchanges of whom I’m aware. Her services to China and the
U.S. are extremely valuable and worthy of special recognition.

Her familiarity with international aspects of forest biology and her command of Russian and
Chinese literature have been of great value in assessing the dangers of importing forest materials into
North America. Prof. Chen made major contributions to recent U.S. efforts to evaluate possible problems
that might arise from importation of Siberian logs.

Along with all of these activities, Prof. Chen has found time to put her knowledge of higher fungi
to use. She has become widely recognized in California as an authority on wild and commercial
production o f edible mushrooms. Her seminars and training sessions are very popular, and she is in
frequent demand to provide extension programs in mushroom biology and cultivation. The current
interest in exploiting forest and agricultural wastes to produce edible fungi puts Prof. Chen’s knowledge
and experience at a premium. Prof. Chen could easily profit from her skills, but she prefers academic
pursuits to business.

Prof. Chen’s knowledge of higher fungi has also been the basis for an ambitious survey and evaluation of
these fungi in the Taiga forests of Alaska. This has entailed travel to Alaska, development of a large
mycological herbarium, and will no doubt lead to significant publication.

I have been much impressed with Prof. Chen’s contributions and accomplishments while she has
been with us at the University of California. My comments provide only brief outline of her many talents,
but I hope they will serve to confirm that Prof. Chen is a unique resource, a scientist and scholar with
indefatigable energy, exceptional experience, special knowledge and skill, and a commitment to service.
Her past contributions and her potential to accomplish much more in the future deserve recognition and
reward.

J. Richard Parmeter Professor of Plant Pathology Emeritus






The Forest Biogeography of Phytopathogen in China

China is a mountainous country lying between 5 and 53 degrees north latitude. This continent includes
the highest mountains on the earth. It is extraordinarily rich in flora that is very complex (according to
fossil records). According to critics, it is one of the best regions in the world for researching flowering
plants.

The country has 120 million hectares of forest covering 12.7% of her total land area, the total
forest volume measuring 95,000 million cubic meters. China’s existing forests are mainly located over
the Northeastern and Southwestern part of her territory. As we look about China now, her forests can be
classified into coniferous belts in the frigid and temperate zones, mixed forest belts of coniferous,
deciduous, and broad leaf trees in the temperate zone, and deciduous and broad leaf forest belts in the
warm temperate zone. The evergreen forest belt is in the subtropical zone, and monsoon and rainforests
are in the tropical zone.

Since the 1950s, my colleagues and | conducted extensive studies on almost all the main
temperate forest regions. Forest investigations of a considerable scale and with various objectives were
carried out. These studies included areas investigated including the northeast, the northwest, and Tian
Shan, as well as the southwest high mountain forests and the Himalayas.

China is rich in forest plants and tree species with more than 2,800 varieties of tree species.
Among them are 20 genera of pinaceae and taxodiacaceae are dew redwood, (Metasequoia
glyptostroboides); lovely garden larch, (Pseudolarix amabilis); Bhutan Cupress, (Cupressus
duclouxiana); Japanese podocarpus, (Podocarpus nagi); and Chinese fir, (Cunninghamia lanceolata).
Also native to China are numerous broad leaf species constituting some 260 genera including some
important industrial tree species as Paulowinia tomenfosa, Fraxinum madshurica, Juglans mandshurica,
Cinnamomum camphora, Fhoebe bournel, and Tonna sinesis. Important economic tree species include
Aleurites fordii, Camellia oleifera, Sapium sebiferum, and Rhum verhiciflua. China’s forests can be
classified into seven regions:

1 TEMPERATE ZONE FOREST

The flora of the temperate zone belongs to both the mild temperate zone and the frigid zone. Some areas
extend to marginal areas of subtropical and even the tropical zone. The typical families are Fagaceae,
Betulaceae, Juglandaceae and Salicaceae. There is also the family of Catkin (Camemtum). In the high
mountains there are quite a lot of Rhododendrons, Gentianas species. In this region there are some
pathogenic genera that are the same as in North America and East Asia.

1.1 Eurasia forest region

Included are three forest areas: the Great Xinan Ling, the Altain shan and Tian shan.



1.1.1 Great Xinan Ling

The major tree species is Larix gmelini. It is located from 500 to 1,200 meters elevation. Dominant
species are Betula pltyphylla, Popoulous davidana and Quecuum mongolia. Above 800 meters sea level
are the spreading Pinus sylvestris var. mongolica and the watershed regions have a shorter tree Pinus
pumila.

According to several investigations there are many tree species and 114 species of tree diseases.

In the cooler virgin forest, the characteristic tree diseases of the over-mature trees are Larch
decay; typical pathogens are Phellinus pini, Phaeolus schweinitzii, Polyporus sulphareus, and Fomes
officinalis. The native diseases are Cronartium guercuum, on Pinus sylvestris var. mongolia, and
Dasyscypha wiklommii on Larix.

The following are three chief species of tree diseases: Pinus sylvestris var. mongolica with pine
oak rusts (Cronartium quercuum); Betula platyphylla with white heart rot (Phellinus ignirius); Populus
davidiana with Aspen white heart rot (Phellinus tremulae); and the white rot (Fomes fomentarius) causes
many hardwood decays; But we still haven’t seen the Cronartium kamtschaticm on the Pinus pumila.

1.1.2 Altain shan

The Larix sibirica occupies a dominant position. Others are Pinus sibirica, Abies sibirica and Picea
obovada etc. Usually the L. sibirica forest is found at 1300-2600 meters elevation where the
characteristic tree diseases are coniferous decay. Phellinus pini on the pines and larch is quite
representative of the Eurasia forest region, and the Cronatium ribicola is found in the western fringe of
China as well.
The following are the chief species of tree diseases:

a) L. sibirica: white pocket rot (Phellinus pini), and brown trunk rot of larch (Fomes officinalis);

b) Pinus sibirica: five needles pine blister rust (Cronartium ribicola);

c) Picea obovata: spruce white pocket rot (Phellinus pini var. abietis).

1.1.3 Tian shan

The main forest tree species are Picea schrenkiana and P. var tianschanica. There is spruce rust in forest
humidity regions. Its characteristic forest trees’ diseases are on various kinds of spruce such as the spruce
needle rusts (Chrysomyxa spp.) and spruce cone rust (Thekopsora areolata).

1.2 Asiatic desert region

There are two forest areas, the West Central Asiatic area and the Central Asiatic area.

The main flora is desert flora; many plants from the Central Asiatic and Mediterranean areas
predominate. Haloxylon ammodendron — H. persicum, and Elaeagnus angustifolia species predominate
and Populous salix, Ulmus are frequently found in this region and elsewhere. Desert diseases, such as
powdery mildew of Holoxylon and Hedysarum, drought rust and popular leaf rust, are representative of
the region.

Diseases endemic to the area include:

a) Haloxylon spp.: powdery mildew of Haloxylon, Leveillula saxaouli f. haloxyli;

b) Populus spp.: Stem canker, Vals sordida; leaf brown spots, Spetotis populiperda; Anthraccanosa,
Glomerella cingulata; white poplar leaf rust, Melampsora rostrupii; leaf rust, M. pruinosae;
willow white rot, Trametes trogii;

c) Elaeaganus angustifolia: Russian olife leaf spots, Septoria aregyraea.



1.3 Eurasian steppe region

This region is commonly called the Mongolian steppe region that includes the western Inner Mongolia
and northeast prairie regions with species such as Populus, Salix and Ulmus etc. The prairie frequently
blends into a secondary forest region in which birch and aspen species are common. Today, in many
places, shelterbelt planting poplar, elms and pine is conducted along with reforestation of pines, larch and
other forest trees. Since drought is frequent in this region, the growth of fungi is limited. However, the
stem canker is a common disease and is usually found near the wounded standing tree canker.

1.4 Qinghai-Xi zang plateau region

The Himalayas are the youngest mountain range on the globe having risen from the sea 40 million years
ago. The region is cold and arid or semi-arid near sea level, but receives more rainfall along watercourses
and in the mountainous zone. Rododendron, Salix and some Hippophae species are found along
watercourses. In the dryer regions Populus spp. is afflicted with diseases characteristic of droughts such
as larch leaf rust, Nectaria canker and drought injury in the high plateau. Typical diseases of the area
includes:

a) Salix spp.: willow leaf rust, Melampsora larici-campraearum;

b) Populus spp.: poplar canker, Cytospora chrysosperma; Nectria canker, Nectria cinnabarina;

c) Hippophae rhamnoides: Seabuckthorn trunk rot, Phellinus robustus.

1.5 Sino-Japan forest region

This region is rich in forest plants and tree species that can be divided into five areas. The mixed forest
belt is made up of coniferous, deciduous and broadleaf trees in the temperate zone and an evergreen forest
belt in subtropical zone.

1.5.1 Northeast China region

The evergreen or coniferous forest originally covered the Xiao xin Ling mountains. Characteristic trees
of the natural upland forest of the region are Pinus koralensis, Picea jezoensis, Abies holophylla, and A.
nephrolepis. Quercus mongolica predominates in the eastern part of this area.

The diseases found are those typical to cold-temperate flora of virginal pine-hardwood mixed
forests. It is closely related to East of North America flora such as Appalachian forest flora. The
Predominant forest tree’s diseases are:

a) Pinus koraiensis: White Pine Blister Rust (Cronartium ribicola); pine white pocket rote,
(Phellinus pini); pine Cenangium canker (Cenangium furfruceam); Armillaria root rot,
(Armillaria mellea);

b) Piceaspp.: spruce white pocket rot, (Phellinus pini var. abietis);

c) Abiesspp.: fir white rot, (Phellinus hartigii);

d) Quercus mongolica: oak white rot, (Polyporus dryophilus); Schlerotina rot, (Sclerotinia
pseudotuberosa);

e) Fraxinus mandshurica: ash trunk rot, (Polyporus hispida);

f) Juglanda mandshurica: walnut white rot, Phellinus robustus; walnut Melaconium canker,
(Melaconium juglandium).

1.5.2 Northern region of middle China
The characteristic trees of the area are pines such as Pinus tabulaeformis, Pinus tabulaeformis var.
mukdensis, P. bungeana and other species and oaks such as Quercus liaotungensis, Q. acutissima, Q.

dentata and others. The region is usually followed by some native genera as Ailanthus, Toon, Melia,
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Koelreuteria, Zizphus, Diospyros, Paulownia, Catalup, Populus and Robinia. Ulmus is growing more
rapidly here than in other regions.

The climate is typically dry and cool with a rainfall of 500-800 mm annually. Characteristic
diseases are powdery mildew of Ailanthus, leaf spot, Colleatotrichum anthraenose of Paulownia, and
Paulownia and jujube witch’s broom in MLO. Chief species of tree diseases are:

a) Pinus tabulaeformis: damping off, (Rhizoctonia solani);

b) Ailanthus altissima: powdery mildew, (Phyllactinia corylea);

C) Zizyphus jujuba: MLO, virus of jujube;

d) Diospyros kaki: leaf spot, (Cercospora kaki); leaf spot Mycosphaerella nawae;

e) Populus tomentosa, P. simonii, P. euramericana: poplar canker, (Valsa sordida); poplar leaf
rust, (Melamppsora larici-populina); leaf brown spot, (Septoria populi); poplar gall crown,
(Agrobacterium tumefaciens); violet root rot, (Helicobasidium mompa);

f) Salix spp.: willow canker, (Valsa sordida); willow trunk rot, (Trametes trogii);

g) Ulmus pumila: elm canker, (Cytospora sp).

h) Paulownia elongata, P. catalpifolia, P. fortunei, P. tomentosa: witch’s broom of paulownia
(MLO); scab of paulownia, Sphaceloma paulowniae; Anthracnose, Collectrichum kawakamii;

i) Meliaspp.: leaf spot, Cercospora subsessilis.

1.5.3 Central China region

There are two big regions sometimes called Basin of China or Central China. This region extends from
the warm temperate zone to the subtropical zone. Evergreens are increasingly seen and characteristic of
trees of these two regions are Pinus massoniana and Cunninghamia lanceolata. This region frequently
contains several economic tree species especially in silviculture, such as tea oil, (Camellia oleosa)
(C.sasanqua var.oleosa, Thea oleosa) and tung oil tree (Aleurites fordii), lacquer, bamboo, and chestnut.
Common species of disease are leaf rust of Toona (Nyssoposa cedrelae and Phakopsora cheoana) and
anthrachose of tea oil. Wilt of tung oil ( Fusarium oxysporum )and rusts on bamboo ( Stereostratum
cortocioides). Native trees are also afflicted with these same diseases. Since the area has abundant
rainfall and mild temperatures, there are many species of plant pathogens. Commercially important trees
are often infected. Predominant diseases are:
a) Pinus massoniana: pine oak rusts, Cronartium quercuum; Chinese pine-oak rusts, (Cronartium
sp.); pine needle brown spot, Cercospora pine-densiflorae);
b) Cunninghamia lanceolata:  Chinese fir anthracnose, Colletotrichum sp.; bacterial spot,
Pseudomonas cunninghumiae; Chinese fir narrow leaf spot, Pestalotia shiraiana;
c) Camellia oleifera: Tea oil anthracnose, Colletotrichum camelliae; Scelerotium rolfsii; sooty
blotch, Meliola camelliae;
d) Aleurites fordii: tunt oil wilt, Mycosphaerella aleuritidis; tunt oil wilt, Fusarium spp.;
e) Bamboo spp.: bamboo stem rust, Puccinia corticiodes; bamboo witch’s broom, Aciculosporium
take;
f) Gingko biloba: Gingko stem rot, Macrophomina phaseoli;
g) Pterocarya stenoptera: witch’s broom, Chinese wingnut.

1.5.4 South China

Similar to the Sino-Japan forest region, this region also has distinguishing features of the subtropical and
tropical zones. The tropical forest in southern China is humid and is the southern most range for many
species typical of the deep tropics. There characteristic tropical and subtropical trees. The special
Lauraceae includes 176 species belonging to 17 genera. Common tree diseases are massoniana pine leaf
spot, Anthracnose cinnamomum, Bacteria of Olea and bacterial wilt of Horsetail heefwood (Casuarina
equisetifolia). The principal plant diseases are as follows:

a) Eucalyptus spp.: eucalyptus leaf spot, Septotis populiperda;
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b) Pinus massoniana: pine needle spot, Diplodia pinea;
c) Oleaeuropaea: Olea crown gall, Pseudomonas savastanci;
d) Casuarina equisetifolia: horsetail beefwood bacterial wilt.

1.5.5 Yunnan

In Yunnan the flora is more complex than in South China. Chinese fir and Massoniana pine are
extremely common along with Sino-Himalayan species such as Yunnan pine. Near mountains are found
several species of Keteleeria. Because most of the land lies in the high plateau, trees have adapted
themselves to little rainfall and strong sunlight. Characteristic to this range are parasitic plants such as
Arcerthobium, Loranthus, and viscum. Principal diseases include:

a) [Ilicium velum: truestar anise tree, anthracnose;

b) Pinus massoniana: pine brown spot, Pestalotia spp.; pine blight, Lophodermium pinastri;

c) Populus spp.: algae leaf spot, Cephaleuros virescens;

d) Olea europaea: Olea peacock spot, Cycloconium oleaginum;

e) Pine, spruce, fir: dwarf mistletoes, Arcerthobium Chinese;

f) Hardwood: Loranthus spp. and Viscum spp.

1.6 Sino-Himalayan forest region

There are three regions: Yunnan plateau, Heng-duan-mountain and the base of the Himalayas. The Sino-
Himalayan forest is the highest plateau on earth. The plateau itself has an average elevation of 4,500
meters above sea level and mountains rise more than 3,000 meters above the surrounding planes and
basins. It is the youngest mountain range having risen from the sea 40 million years ago.

This area has the richest and oldest forest flora on earth, including the temperate zone, subtropical
zone and northern tropical zone. There are over 20,000 species of vegetation including 1,300 species of
trees. Within the 100 families of conifers there are conifers of high economic value in eight families, 16
genera and over 40 species. The species of pathogens and fungi are also complex. As the Himalayan
plateau is high in altitude, its forest has a special and complicated natural environment. The elevation of
the plateau and geological changes produced numerous varieties of plants as well as species of pathogenic
fungi that are closely related to those in other parts of China and the world. Most important, tree disease
flora belonging to the northern temperate zone constitute about 90 percent of the total. Many of these are
of the same type as found in North America and East Asia while others are unique to the Himalayas.
Principal diseases are:

a) Pinus yunnanensis, P. densata, P. Armandii: pine white pocket rot, Phellinus pini; pine needle
rust, Coleosporium sp.; P. griffithi: Five needle blight rust, Cronartium ribicola; pine needle rust,
Peridermium brevius; P. longifolia: pine needle rust, Peridermium complanatum;

b) Picea likiangensis: P. likiangensis var. balfouriana, P. likiangensis var. linzhiensis, P. Spinulosa
P. smithiana: spruce white pocket rot, (Phellinus pini var. abietis); spruce needle rust,
(Peridermium sinenses); spruce cone rust, (Thekopsora areolata); spruce trunk rot, (Inonotus
dryadeus);

c) Abies georgei. A. georgei var. smithii, A. spectabilis: fir trunk rot, Phellinus hartigii;

d) Tsuga dumosa: Hemlock trunk rot, Genoderma tsugae; Hemlock red ring rot, Phellinus pini var.
abietis

e) Quercus semicarpifolis: oak rot, Trametes cinnabarius; white trunk rot, Phellinus igniarius; oak
soft spongy white rot, Ganoderma lucidum;

f) Betula spp.: birch leaf rust, Melampsoridium betulinum;

g) Castanopsis indica, C. hystrix: trunk rot of evergreen chinkapin, Stereum fasciatum;

h) Hardwood: hardwood mistletoes, Loranthus spp., Viscum spp.

i) Coniferous: coniferous dwarf mistletoes, Arceuthobium spp.



2 TROPICAL ZONE
2.1 Malaysian

Included here are several areas: Taiwan, South China Sea, Tongking Gulf, Yunnan-Burma-Thailand
areas. This region covers the coastal area from Taiwan to Hainam, extending west to the bottom of
Yunnan. This area is characterized by heavy rainfall coming from the Indian Ocean and warm
temperatures. Diseases are those typical to tropical areas such as tropical rust, fruit tree rot, rubber root
rot and others. Principle diseases are:
a) Castonopsis kawakamil: brown spot, Phyllosticta spp.
b) Cinnamomum camphora: powdery mildew, Cinnamom anthraenose; Glomerella cinnamomoni
yosh;
c) Dalbergia odorifera: Rosewood tar spot, Phyllachora dalbergiicola;
d) Acacia confusa: Acacia leaf rust, Poliotelium hyalosporum;
e) Tectona grandis: common teak leaf rust, Olivea tectonae;
f) Elaeis guineensis: oilpalm fruit rot
g) Hevea brasiliensis: rubber powdery mildew, Oidium hevae; rubber streak canker, Phytophtora
palmivora; rubber root rot, Ganoderma pseudoferreum: rubber root rot, Fomea noxius; rubber
root rot, Ustulina zonata.
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Some studies of white pine Dblister rust flora of
North America and East Asia

ABSTRACT: China and North America have similar forest rust flora. These rust flora are the most
diverse in the North Temperate Zone and both are of the richest rust taxa in the world. But China is the
only country in the world that includes unbroken transitional zones connecting tropical, temperate, and
boreal forests. America’s rust flora is characterized as North American temperate zone, and China’s is
characterized as a continental forest rust flora. Uredinales, (Teliomycetes) are rust fungi taxa including
14 families, 163 genera and 7000 species (Ainsworth and Bisby). Most tree and shrub rust genera belong
to the Melampsoraceae family such as: Chrysomyxa, Coleopuccinia, Coleosporium, Cronartium,
Gymnosporangium, Melampsora, Melampsorella, Melampsoridium, Nyssopsora, Phakopsora,
Phragmidium, Pileolaria, Puccinia, Pucciniastrum, Ravenelia, Sphaerophragmium, Thekopsora,
Tranzschelia, Triphragmiopsis, Triphragmium, and Uromyces. Both China and North America have
these genera in common, however, the species of Coleopuccinia sinensis of Cotoneaster acutifolia is
indigenous to alpine-plateau flora and Nyssopsora cedrelae of Toona sinensis is indigenous species in
China. Endocronartium harknessii of Pinus radiata is in Mediterranean-Pacific rust flora in North
America only.

Recent results from cladistic analyses of morphological and molecular characters have suggested that
these fungi have had a longer co-evolutionary relationship with Angiosperm than Gymnosperm hosts
(Vogler and Bruns, 1998). The following will present some studies of white pine blister flora of America
and China. The white pine blister rust fungus (Cronartium ribicola) is an obligate parasite on both aceia
hosts Pinus spp. and telia host Ribes spp., Pedicularis spp. Thirty years of research in the virginal forests
and greenhouse inoculation by the author have led to a better description of the white pine blister rust
flora. In North America, an eastern white pine rust (WPBR) flora (Pinus strobes/Ribes nigrum) and a
Pacific Mediterranean WPBR flora (Pinus lambertiana/Ribes roezlii) are recognized. In Eastern Asia,
Sino-Japan WPBR flora are found: (Pinus koraiensis/Pedicularis resupinata, P. resupinata var. ramose,
P. spicata, Ribes mandshuricum). In China the alpine WPBR flora are found in the southwest
regions:(Pinus armandii/Ribes himalense). Although it has been suggested that white pine blister rust is
introduced in a portion of its current range, the occurrence of white pine blister rust floras in virgin forests
indicates the blister rust has evolved as part of the indigenous ecosystem in each region. Scientific
analysis of the biogeography of pathogens is crucial in understanding how and where pathogens become a
problem. Furthermore applications of quarantines can be valuable. Future phylogenetic speciation
studies of Cronartium and Ribes may shed additional light on this endeavor.

1 THE WHITE PINE BLISTER RUST FUNGUS

The white pine blister rust fungus (Cronartium ribicola J. C. Fischer) is a heteroecious plant pathogen,
meaning it requires two different hosts to complete its life cycle. The scientific name is applied to the
sexual stage, and the species epithet “ribicola” refers to the fact that the sexual stage (telia) lives on
shrubs of the genus Ribes (currants and gooseberries) or Scrophulariaceae. Recent results from Ribes
cladistic analyses of morphological and molecular characters show an evolutionary trend toward greater
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specialization among telial hosts (Ref. 20, 21, 23, 31, 35). Cronartium ribicola is an obligate parasite on
local telia host Ribes or Pedicularis. This rust is found in the Northern Hemisphere and forms a local rust
flora wherever the alternate host and white pine is prevalent.

2 THE STUDY OF WHITE PINE BLISTER RUST IN ITS NATURAL FORESTS

The author has investigated the virgin forests of North America and East Asia for thirty years. Many
investigations show that in the virginal white pine forests, the rates of infection aecia phase were lower
than the man-made plantations. (0.5% armandi pine, Qining, China; 1% Korea pine, Xiao xin an ling,
China and 1% sugar pine, California, middle Sierra Nevada) (Ref. 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 16,
26, 36).

3 THE LIFE CYCLE

The Life Cycle consists of five spore phases. The five spore phases in order consist of pycnia, aecia,
uredia, telia, and basidia. (Fig. 1) They are initially caused by basidiospore infections to pine and results
with the symptom of pine bark blister; after that, aeciospores transfer to alternate host and produce the tail
and basidiospores. Usually for the white pine blister rust, one life cycle lasts 1-3 years. The completion
of the rust life cycle is complicated by genetic and ecological factors (Ref. 3, 6, 7).

3.1 Pycnia (Stage 0)

The pycnia as a fluid matrix exude pycnia spores in drops of sticky masses. The pycnia is sterigmated
with one-celled, pear-shaped pycniospores. (Fig. 2a, 2b). These spores each contain a single haploid
nucleus pycnia and are produced from haploid hyphae. The pycniospores serve as spermatia. The
pycniospores are presumed to serve as male gametes that fertilize the female’s flexuous hyphae around
the periphery of the pycnium. However, these functions are not known in complete detail (Ref. 6, 7, 34).

3.2 Aecia (Stage I)

Blister aecia break through the bark surface where the pycnia appeared previously. The peridium wall of
the aecium is fragile and breaks easily when mature, (Fig.3) releasing a powdery yellow or orange mass
of aeciospores with verrucose walls. The aeciospores are produced from the dikaryotic hyphae and are
specialized for specific white pine transfer. The dikaryotic hyphae, produced upon germination, attack
the white pine, as did the haploid hyphae. Aeciospores resist drying and can germinate after being carried
by the wind for long distances. The white pine blister rust persists for a long period of time and gradually
discolors, but the aeciaspores do not reinfect the pine (Ref. 6, 7, 13, 34).

3.3 Uredia (Stage Il)

Uredia are tiny, yellow, dome-shaped powder structures scattered on the leaf. The central pore opens to
release yellow obovoid urediospores each with a thick (2-3.5um), echinulate hyaline wall. Urediospores
(Fig. 4, 5) reinfect the same host species from which they are produced. The uredial stages continue the
life cycle, intensifying during summer until late fall when the telia appears, sometimes replacing the
uredia (Ref. 6, 7).

3.4 Telia (Stage I1I)
Telia are composed of chains teliospores joined side by side. Teliospores are long, obovoid, and light
brown with a thick wall (58-43x34-27um) (Fig. 5, 6). The teliospores are dispersed and germinate on the

white pine under cool and moist conditions producing basidia that in turn give rise to basidiospores.

3.5 Basidia and Basidiospores (Phase 1V)
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The two nuclei in the mature teliospore fuse to form a single diploid nucleus. This nucleus then divides
meitotically into the haploid nuclei, which forms a basidia. (Fig. 7) Four basidiospores are then
developed from the basidia. The basidiospores are delicate thin walled, colorless, single cells that are
released and carried by the wind to the white pine needle. Basidiospores are dispersed generally under
high moisture conditions from dew, heavy fog, rain, or melting snow. Spores appear when the relative
humidity in the atmosphere approaches 100 percent. The basidia die from the sun's radiation or from
drying out. Basidiospores invade between the cells of the new tissue. Nutrients are obtained from living
cells of the specific Ribes alternated species without invading the cytoplasm. The metabolically active
Ribes or Pedicularis cells allow a certain amount of nutrient to diffuse out to the specialized feeder
hyphae called haustoria, which penetrate the cell wall but not the plasma membrane (Ref. 9, 10, 13).

4 CHARACTERISTICS OF WHITE PINE BRISTLE RUST IN NORTH AMERICA AND EAST ASIA

4.1 North America Appalachians White pine blister rust flora

White pine name & characteristics: The eastern white pine flora (Pinus strobus) show a widespread
population with natural ranges from the very north eastern tips including Newfoundland, spreading to the
U.S. states around the Great Lakes and reaching southward through the Appalachian mountains to the
north tips of that state of Georgia.The characteristics of the White Pine Bristle Rust in North America and
East Asia are classified as the following five floras:

White Pine Bristle Rust Pinus. SP / Ribes. SP Cronartium ribicola. f. SP.
Flora

N | Appalachians WPBR Pinus strobus/Ribes nigrum C. ribicola. f. nigrum

A
Pacific Mediterranean Pinus lambertiana/Ribes roezlii | C. ribicola. f. roezlii
WPBR

E | Sino-Japan WPBR Pinus koraiensis/ Pedicularis C. ribicola. f. pedicularis

A resupinata
Alpine WPBR Pinus armandii/Ribes glaciale | C. ribicola. f. glaciale
Sino-Himalayan plateau Pinus griffithii/ Ribes himalense | C. ribicola. f. himalense
WPBR

(Ref. 1, 4,5, 17, 19, 25, 26, 27, 28, 30, 32, 37, 38) Latitude/Longitude:  Located in areas North

latitude 35°-50°, West longitude 50°-95°

Alternate host species name: Ribes nigrum along with Pinus strobus is very susceptible to the
rust. Eastern North America has seven Ribes species implicated in blister rust: R. americanum, R.
odoratum R. oxyacanthoides R. glandulossum, R.rotundifolium, R.cynosbati, R. hirtellum. Their relative
susceptibility to C. ribicola is moderate but among the seven, R. americanum is the highest. The most
virulent and widely distributed rust is on the Ribes nigrum that has been raised for trade into many
cultivars. There are numerous varieties badly mixed in trade cultivars making it difficult to classify the
descendents. Ribes nigrum, commonly known as black currants, is much cultivated in central and
northern Europe (Ref. 17, 29).

Life Cycle Character: Many problems are caused by the cultivars of Ribes nigrum resulting in the
wide varieties of the white pine blister rust fungus (Ref. 23, 29). Systematic biological specializations and
taxonomic treatment: The systematic biological specializations and taxonomic treatment are as follows.
Formae speciales : Cronartium. ribicola. f. SP.

Class: Basidiomycotina Order: Uredinales

Family: Malampsoraceae
Genus: Cronartium
Species: C. ribicola
Formae speciales:
C. ribicola f. SP. nigrum F.
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Comparison with other WPBR flora: The telia and basidia do not follow the whole distribution of
Pinus Strobus because the rust is limited to the colder and wetter areas stopping its appearance as the
distribution moves south. The fungus sexual phase host- Ribes nigrum (Sect. Coreosma) are apparently
not a monophyletic group, because it is mixed up by many susceptible cultivars (Ref. 19, 20, 23).

4.2 North American Pacific Mediterranean White Pine Bristle Rust Flora

White pine name & characteristics: The sugar pine (Pinus labertiana) ranges from western Oregon
through the North Coast Range of California, the Sierra Nevada, and the mountains of southern
California, with outlines in the Santa Lucia Mountain of west central California and the Sierra San Pedro
Martir of northern Baja California.

Latitude/Longitude: North latitude 29°-45°/ West longitude 115°-124°.

Alternate host species name: Ribes roezli is prevalent in the sugar pine areas especially in the
middle of the Sierra Nevada Mountains. Ribes roezli is commonly known as the Sierra gooseberry is the
most abundant and commonly associated with the California sugar pines. It is also highly susceptible to
the blister rust and cannot be easily suppressed because it can regenerate from seed stored for long
periods of time. Ribes nevadense (the Sierra currant) is also widely distributed and hard to control
because it has layering habits and tolerance to suppression by other vegetation. Ribes cereum is the
squaw currant and is not easily infected by blister rust. Under specific conditions it is able to produce
significant amounts of pine-infecting sporidia.

Life Cycle Character:

Fig. 8. Life cycle of Cronartium ribicola in the central Sirra Nevevada: Periods of production of the five
spore states on Ribes sp. (outer circle) and Sugar pine (inner circle).
A — Aeciospore, B- Basidiospore, P — Pycniospore, T — Teliospore, U - Urediospore

This is a typical Pacific white pine blister flora. The WPBR does not grow through southern California
because the hotter sun and dry weather limit their distribution.

Sugar pine rust life-cycle length is longer in Mediterranean weather: aeciospores last longer by 4 months.
Basidiospores are massively produced because the weather is cold, cool and wet: between 10°C-20°C,
with 90% precipitation. (Fig. 8)

The North American Pacific Mediterranean WPBR is characterized by summer drought and cool
wet winters. Annual precipitation ranges between about 1000 mm at the central Sierra Nevada Mountain.
Summer temperatures are warm, with July mean values of 20°C-30°C, and daily temperatures above
35°C are not uncommon. Winters average 10°C-12°C. Frosts are infrequent in all coast areas but the
higher elevations can be high to relatively humidity favorable for teliospore germinations. The effect of
dew in maintaining rust should be distinguished from the influence of soil moisture. Locations with
higher than average soil moisture, such as long streams and around springs, seeps, and the edges of
meadows have long been recognized as areas of high rust hazard. Moist soil favors Ribes regeneration
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and infection patterns from a single source of sporidia in the sugar pine region are almost always irregular
(Ref. 6, 7, 24).

Systematic biological specializations and taxonomic treatment:
Formae speciales: Cronartium. ribicola. f. SP. Species: C. ribicola
Taxonomic treatment: Formae speciales: C. ribicola. f. SP. roezli

Comparison with other WPBR flora: Pacific temperature and moisture conditions have
found this WPBR flora very favorable in the Pacific Mediterranean. The southern limit of
WBPR is thought to be the result of climatic factors. Field observations and climactic data
indicate that the rust thrives only in the central Sierra Nevada where the climate is relatively cool
and moist. The rust is apparently absent from the mountains of southern California and adjacent
northern Baja California (where both sugar pine and Ribes occur as potential hosts), probably
because the climate in this region is relatively hot and dry (Ref. 23, 24).

4.3 East Asia/ Sino-Japan white pine blister rust flora

White pine name & characteristics: The East Asia Sino-Japan WPBR flora is located in China’s highest
latitude. Pinus koraiensis, a Korean pine ranges from Korea to eastern Manchuria with outliers on the
Japanese islands of Honshu and Shikoku (Ref. 16, 17).

Latitude/Longitude: The Korean pine distribution of geographical area can be found at North
latitude 40°45°-49°20° East longitude124° 45°-134° in the HeilongJiang, JiLing and Liaoning provinces.

Alternate host species hame: Previously many green house inoculation test show these alternate
host species Pedicularis resupinata, P. resupinata var. ramose , P. spicata, and Ribes mandshuricum as
major telia hosts.

Life Cycle and spore characteristics: An EST test shows 16 white pine blister rust
aeciospores strains collections and the results were not differentiated. Sino-Japan white pine
blister rust variations were low. Their life cycle is longer than most other flora (Ref. 15). The
rust morphological characters: (Ref. 14).

Pycnia oblate-flat, in cortex, pycniospore are hyaline, pear form and 1.8-2.4x2.4-4.2um in measure

Aecia globoid swellings of branches and trunks, forming orange-yellow blisters bursting though
the crevices of the bark, Aeciospore globoid-obovoid, have a well-developed smooth area
and annulate projections with flat apices. The aeciospore measuresl14.4-28.8x22.8-33.6um
and optimal temperature for germination is 19-21°C

Uredia hypophyllous, scattered or subgregarious, yellow, punciform. Urediospores are obovid,
echinulate and measures 13.1-20.6x15.6-30 pm.

Telia Only at exactly 16°C do teliospores form. Teliopsores measure at 3.6-13.5x36-59.1um.

Basidia | At 20°C basi