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INTRODUCTION 

The Fungi represent an important element in all ecosystems. Worldwide, 
so far, more than 64.000 species have been found (Hawksworth et al. 
1983) and presumably another 50.000 are still to be discovered. Due 
to their lack of chlorophyll, the fungi are unable to photosynthesize 
and are thus dependent on other living organisms, or on dead organic 
material, for their supplies of sugars and other carbohydrates. 
Most fungi are microscopic and of a saprophytic nature, decomposing 
plant and animal material (organic debris) into CO2, ^0 and mine
ral elements. Some fungi are entirely dependent on a living host, 
i.e. the obligate parasites, whereas others are periodically able 
to live on dead material, i.e. the facultative parasites. Plants 
can suffer from diseases caused by different agents such as parasi
tic fungi, insects, bacteria, nematodes, viruses and mycoplasma, 
though the last two of minor importance to conifers (Horsfall & Cow
ling 1977). It is important to establish the primary cause of any 
plant ailment. Most parasitic fungi principally attack plants pre
viously weakened by unfavourable environmental factors such as adverse 
weather conditions, predators, bad habitat conditions etc. This study 
(II) thus not only deals with parasitic fungi but also with any factors 
predisposing to fungal infection. The difference in susceptibility 
within a provenance is due to genetic variation. 

As an ecologist and forest pathologist I have found it urgent to point 
out the risk factors associated with the introduction of exotic tree 
species (I) with the intention of making the planting of Pi nus contorta  
in Sweden as safe as possible. The lodgepole pine Pi nus contorta was 
first introduced into Scandinavia from western North America in the late 
19th century. Among highly differentiated geographical races of Pi nus 
contorta, the var. latifolia has been found to be that subspecies which 
is of most interest for Swedish forestry. We possess a well documented 
knowledge of the parasitic fungi which infect the indigenous Scots pine, 
Pi nus sylvestris. Pathogens and other threats to ca 100 provenances 
of Pinus contorta in northern Sweden have been studied by the author 
since 1976. However, this represents a very short space of time com
pared to the rotation of a conifer (cf. von Weissenberg 1982). Pinus 
contorta is in addition a foreign tree species which possesses no 
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natural resistance to the specific pathogens found in Scandinavia, and 
which might prove more virulent to a new host not yet adapted to its 
new environment. Furthermore, any pathogens which might be inadver
tently introduced into Scandinavia from the natural habitat of Pi nus 
contorta in western Canada could present a potential threat to both 
the lodgepole pine and the Scots pine in Sweden and thus to Swedish 
forestry. The threat of internationally dangerous forest tree diseases 
is discussed in paper I, e.g. the disastrous epidemics on Pi nus strobus 
during the 19th century, the Dutch elm disease, the chestnut blight and 
the severe pathogens on the Douglas fir in the 1920's. There has been 
much to learn from these early mistakes in forest history. The risk for 
a catastrophe like that of Pi nus strobus, however, has been reduced 
considerably by increasing knowledge about correct choice of provenance. 
All exotics are not foredoomed to fail. Some have actually proved to be 
of great economic importance e.g. Pi nus radiata and members of the genus 
Eucalyptus. 

PATHOGENS AND O THER TH REATS TO PINUS CONTORTA IN NORTHERN S WEDEN 

Since 1976 a series of plantations made in connection with provenance 
trials of Pi nus contorta in northern Sweden have been investigated 
annually for signs of different kinds of damage, primarily those due 
to parasitic fungi. The prime aim of the study was to follow, in detail, 
the development of the pathogen - host plant relationship of an intro
duced tree species and to clarify: 

1) the ecological importance of parasitic fungi for Pi nus contorta of 
different provenances 

2) the particular stage of the life cycle at which the different kinds 
of parasitic fungi start to attack Pi nus contorta 

3) which provenances are the most resistant to fungal attack and to 
other kinds of damage. 

Weather damage 

Considering that isolated extreme anomalies in the natural fluctuations 
of climate, can be of decisive importance for the survival of an intro
duced tree species, there has been very good reason for analysing any 
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weather damage recorded within the provenance trials. Furthermore, 
weather damage represents an important factor predisposing to fungal 
infection. For the northernmost of the provenance trials, i.e. the 
Moskosel trial, therefore weather damage has been discussed in detail. 
The following main types of damage were recorded during the course of 
the investigation period: 

1. Severe weather damage suffered by coastal provenances of lodgepole 
pine during the midwinter, after a succession of mild spells followed 
by a period of extremely low temperatures, which led to intracellular 
freezing; e.g. the winter of 1978/79. 

2. Damage arising in connection with periods of anticyclonic weather 
during the late winter and early spring, with intense insolation during 
the day, low temperatures at night and/or when the skies temporarily 
cloud-over during the day, and a snow-cover in process of melting away. 
This repeated thawing and freezing exposes the plants to severe physio
logical stress. Such weather conditions occurred every spring through
out the investigation period. Frequently the needles on the S- and SW-
facing branches often turned a reddish colour. 

3. Damage suffered later on in spring, at the time of shoot extension, 
a period when the plants are even more sensitive than usual to low 
temperatures. This type of weather damage was of general occurrence in 
the spring of 1980 on the plots of the northern lodgepole pine prove
nances, which start their growth earlier than the more southern prove
nances. 

4. Damage affecting trees exposed to the effects of strong NW winds 
blowing across the trial site. Shoots and b ranches on the windward 
side of these plants exhibited signs of desiccation damage, sometimes 
with frost damage as well. Wind damage was particularly marked in the 
spring of 1982, but also occurred in previous years. Wind is just one 
of many factors which can lead to weather damage. 

5. Physiological drought, due to a high rate of transpiration combined 
with frozen soil conditions, is yet another factor which is involved 
in the above-mentioned types of weather damage and which has to be 
taken into account when considering the risks of weather damage to the 
evergreen vegetation of the North Temperate Zone. 
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To sum u p, weather damage has so far been of minor importance to those 
provenances well-adapted to their sites. This holds true for all the 
trials in the series. Up to the winter of 1978/79 even the northern, 
but coastal, provenances of lodgepole pine were almost unaffected by 
weather damage all over Sweden. The most severe damage was found in 
the Moskosel trial. The most important cause of tree mortality among 
the southern provenances of Pi nus contorta has been weather injury due 
to poor winter acclimatisation in the nursery, which led to high morta
lity rates already during the first year after planting (cf. Rosvall-
Ähnebrink 1982). 

Damage by voles, elks and deer 

Hitherto vole damage has posed the most severe threat to Pi nus contorta  
in northern Sweden. Experiences have been similar in Norway (Roll-
Hansen & Roll-Hansen 1977) and in Finland (Annila et al. 1983). Two of 
ten trials in the study series suffered severe damage during the inves
tigation period (Hornmyr, Pausele). As long as the vole population is 
only moderate-sized, the voles prefer lodgepole pine to Scots pine. At 
times of high vole populations even Scots pine suffers damage. Lodgepole 
pine has a good capacity for recovery, even from severe vole attacks, 

providing that the plants are not attacked every year. Summarized data 
from all four blocks in the Hornmyr field trial indicates a lower fre
quency of vole damage within northern provenances. When the results 
from individual plots were considered separately also the northern 
provenances of lodgepole pine did suffer a relatively high frequency 
of vole damage. The nature of the local ground vegetation and the site 
conditions were more important factors than tree provenance. The nor
thern lodgepole pine provenance Tantalus Butte (62°081) was the most 
vole repellent provenance. The differences in the frequency of vole 
damage recorded among the different provenances decreased as the vole 
population increased in size and repeated its attacks year after year 
(Pausele) (cf. Hansson 1983). Severe infection by Gremmeniella abie
tina was recorded two to three years after damage from voles had oc
curred (Hornmyr). Severely injured plants died before Gremmeniella 
infection. It was particularly interesting to find that voles attack 
Pinus contorta even 14 years after planting (Edsele). 
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Severe damage by elk and deer has only been recorded in one trial of 
ten, in an area with an exceptionally high elk population (Alno). 
Minor browsing damage has been recorded at Stensvattnet eight years 
after planting. 

înseçts 

Insect damage to Pinus contorta has been of minor importance during 
the investigation period. Sporadic attacks by Pi prion butovitschi 
were recorded at Stensvattnet and Sävar, and minor attacks by Antho-
nomus phyllocola (varians) at Edsele and Ange. A lower frequency of 
bushy leaders indicated the occurrence of Rhyacionia buoi i ana and 
Dioryctria mutateli a. Ca 60 species of insects have been found on 
Pinus contorta in the Nordic countries, but so far none of these spe
cies has posed any serious threat to lodgepole pine in Sweden (Eid-
mann 1982) or in Finland (Annila et al. 1983). 

Parasitic fungi 

As regards the native species of parasitic fungi in Scandinavia, Pinus 
contorta has so far been attacked by the same species as Pinus sylvestris,  
with the exception of Melampsora rust and Lophodermella needle cast, 
two fungi which occur in Sweden a t regular intervals, with a gap of 
several years duration between epidemic attacks. Serious infections 
were recorded on Scots pine in northern Sweden 1979-81. Hitherto 
lodgepole pine has been resistent to Melampsora rust (cf. Annila et al. 
1983), although a certain susceptibility has been recorded in inocu
lation trials. Scattered groups of aecidia were observed by the author 
on lodgepole pine in central Norrland in 1982 (Martinsson, Karlman 
& Lundh 1983). 

Pinus contorta has previously been considered to be relatively resis
tant to snow b light infection (Phacidium infestans). During the in
vestigation period, even the northern provenances of Pinus contorta  
at high altitudes in northern Sweden became infected by Phacidium 
infestans. However, infection by snow b light is of minor importance 
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for lodgepole pine than for Scots pine, due to the former's more 
rapid growth during the early stages. It is noteworthy that seedlings 
of Scots pine were infected 1-3 years after those of lodgepole pine, 
when exposed to the same source of infection, presumably due to the 
fact that the more bushy branches of the lodgepole pine were more 
easily hit by spores of Phacidium infestans than the short and sparse 
needles of Scots pine. The most productive plants and trees of both 
Pi nus contorta and Pinus sylvestris were attacked by Phacidium infes-
tans. The growth in height of plants and young trees not infected by 
snow b light was less than that of infected ones. Not until 50 % of 
the needles of the plant had become infected tree height below average 
was noted. 

Severe weather damage is a predisposing factor to infection by Sclero-
derris canker and Brunchorstia di eback (Gremmeniella abietina). There 
is also a minor correlation between severe weather damage and Phaci
dium infestans infection, especially in high altitude stands in nor
thern Sweden. So far, however, severe weather damage has mainly been 
recorded within the southern and coastal provenances of lodgepole 
pine. There is a clear tendency, on the more southern sites in nor
thern Sweden, for the severity of attacks by both Gremmeniella abie
tina and Phacidium infestans to decrease with increasing latitude and 
altitude of provenance origin. Annila et al. (1983) found that the fre
quency of Phacidium infestans and Gremmeniella abietina increased with 
increasing latitude in northern Finland. 
Severe infection by Gremmeniella abietina has been recorded after vole 
damage (Hornmyr) even among northern provenances. 

Minor attacks by the honey fungus, Armillariella mellea, and the root 
rot fungus, Heterobasidion annosum (Fomes annosus), have been mainly 
recorded on the lodgepole pine trials which were started in 1967. 

Another species of interest is Sclerophoma pythiophila, associated 
with various types of primary damage caused by unfavourable weather 
conditions, elk damage and insect damage. It has not been found as a 
parasite on lodgepole pine in northern Sweden (cf. Roll-Hansen 1978). 
Some findings of Phacidiopycnis pseudotsugae are of special interest, 
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because this fungus was also recorded by the author on dying Pinus 
contorta trees which had been pruned during the autumns of 1981 and 
1982, in a pilot study made in Värmland (in central Sweden) of the 
effects of pruning Pinus contorta. Trees that were pruned during the 
spring and summer were completely unaffected. Pinus contorta has a 
thin bark, and the risks of fungal infection in autumn are enhanced 
by pruning because the tree is unable to mobilize its defence mecha
nisms, i.e. compartmentalization and callus formation. Besides, the 
frequency of fungal spores in the air is higher in autumn than in 
summer. 

To sum u p, damage by parasitic fungi to young plants and trees of 
Pinus contorta in northern Sweden has so far been relatively unim
portant in the case of the more northern provenances, with the excep
tion of Gremmeniella infection after vole damage and Phacidium in-
festans attack in high altitude stands. In a nursery northern prove
nances of Pinus contorta have been severely infected by Sirococcus 
strobili nus (Karlman 1980), a parasitic fungus recorded on Picea 
abi es in Sweden and commonly found on lodgepole pine in nurseries in 
western Canada (Illingworth 1973). 

As regards the risk for a catastrophe in connection with introduced 
pathogens the greatest risk is not that Pinus contorta may become 
infected by an eventual alien fungal species, but that the infection 
might spread to the native conifer Pinus sylvestris (I). This is the 
real problem. If a pathogen attacking lodgepole pine increased to 
epidemic proportions in extensive stands of Pinus contorta, it could 
very easily be able to spread further and infect the Scots pine. The 
bigger source of infection, the less the resistance of the plants 
(van der Plank 1975). Besides we know by now, that some of the rust 
fungi found on Pinus contorta in western Canada can infect Pinus syl
vestris as well, e.g. Endocronartium harknessii and Cronartium comp-
toniae (Ziller 1974). Thus it must be of the utmost importance to 
prevent any introduction into Scandinavia of pathogens from western 
Canada or other countries (cf. Karlman 1983). 



Instabil i ty 

In relation to its rapid rate of growth in early years the root develop
ment of Pinus contorta is poor. This leads to instability when the trees 
become covered with snow and ice, or are exposed to high winds and storms. 
This instability of Pinus contorta may become a problem in the future. 
Tree tilting was recorded within no fewer than five of the ten trials 
during the investigation period, due to severe icing or strong winds. 
Such damage principally affected plots situated in wind-exposed positions 
on the margins of the trial areas (Sävar, Hornmyr). Leaning trees occurred 
within all the plots of the Moskosel, Stensvattnet and Asel e trials. 
However, the majority of the affected trees later recovered, but those that 
had been tilted over to an angle of more than 45° remained bent at the base 
as continued tree growth attempted to compensate for the tilt. Tree tilting 
was first noted five to eight years after planting. 

Mortality 

The most common cause of tree mortality has been weather damage due to poor 
winter acclimatisation in the nursery. This led to high mortality rates 
being recorded among the plots of the southern provenances already during 
the first year after planting. The results of subsequent investigations 
(own observations) indicate that the northern provenances can also suffer 
from severe damage when inadequately acclimatised previously in the green
houses. 

Vole damage and severe weather damage occurred four to five years after 
planting, and such plants became infected by parasitic fungi one to three 
years after this primary damage had occurred. In one trial of ten high 
mortality rates were recorded among provenances of lodgepole pine after 
repeated attacks by voles (Pausele), and after repeated browsing by elk 
and deer (Alnö). Northern provenances of Pi nus contorta suffered from 
snow b light infection four years after planting (Moskosel),(Scots pine 
two to three years later), but this only resulted in a certain loss of 
increment, and a relatively small number of plants actually died. Snow 
blight infection , however, caused heavy losses to Scots pine six to seven 
seven years after planting (Hornmyr). 
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Provenances 

Vo]ej iamge. Among northern provenances of lodgepole pine the Watson 
Lake (60°03') provenance was the most attractive to voles, the White-
horse (60°52') provenance the most severely Gremmeniella-infected pro
venance and the Tantalus Butte (62°08*) provenance the most vole repel
lent. 

Weather damage. Southern and coastal provenances of lodgepole pine were 
the most severely injured provenances. Northern contorta-provenances 
suffered only minor damage during the investigation period. 

Parasi^c_fjjn£i. Southern and coastal provenances were attacked by both 
Phacidium infestans and Gremmeniella abietina after severe weather damage. 
Within the Trutch Mountain (57°40')> Toad River (58°52'), Whitehorse 
(60°52') and Watson Lake (60°03') provenances high frequencies of Phaci
dium infestans were recorded in the northernmost trial. However, those 
provenances had the best height growth. Only minor damage by snow b light 
infection was recorded within the Fort Nelson (58°50') provenance. 
In the central parts of northern Sweden (Ange, Edsele) most provenances 
of Pi nus contorta grow excellently, and northern provenances are remark
ably productive in the northernmost site (Moskosel). Later investigations 
indicate, however, more severe damage to Pi nus contorta with increasing 
latitude and altitude in northern Sweden (Karlman unpublished data). 
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