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ABSTRACT: 
 
Dothistroma septosporum (Dorog.) Morelet is a foliar fungus of pine trees, recognized 
worldwide as a problematic pathogen. In the Skeena Stikine Forest Region a severe 
outbreak of Dothistroma needle blight has caused a wide range of damage, including 
nearly 100% mortality of some pine plantations. A high concentration of young 
susceptible hosts and the climate of warm, moist summers and cool, wet falls in this area 
are thought to be contributing to the outbreak. Heavy fogs generated in plantations close 
to rivers, lakes, or streams may also facilitate D. septosporum development. The purpose 
of this project is to identify climatic and site conditions contributing to the development 
of D. septosporum with respect to the severe outbreak happening in northwestern BC. 
The main objectives are to monitor the variation in disease expression, identify the ranges 
of temperature and humidity conducive to disease development, and identify the role of 
site factors such as elevation, slope, and proximity to water in disease severity.  
 
In the 2007 summer field season, four sites were selected in the Bulkley, Kispiox, and 
Cranberry Timber Supply Areas (TSAs) according to signs of Dothistroma infection, 
obtaining sufficient geographic coverage, and accessibility. Within each site, three plots 
were set up for a total of twelve plots in the study, each equipped with weather stations. 
In each plot trees and needles were randomly selected for the assessment of disease 
expression on a weekly basis. Data from the Dothistroma monitoring program has been 
provided by the Ministry of Forests and Range for use in investigating topographical 
effects on disease development.  
 
INTRODUCTION: 
 
Dothistroma septosporum (Dorog.) Morelet is a foliar fungus that infects and kills the 
needles of pine trees. This fungal pathogen is characterized by its red banding appearance 
in areas along needles where infection has been successful. The mycotoxin dothistromin 
is responsible for the red color of the bands (Bradshaw 2004). Infection results in the 
death of the needle and eventually defoliation of the tree.  
 
Dothistroma needle blight has been a problematic pathogen recognized worldwide, 
affecting over 60 Pinus species in 45 countries (Ivory 1994). It has been mainly 
problematic for exotic pine plantations in the southern hemisphere, and considered native 
on pine in the northern hemisphere (Gibson 1972; Gibson 1974). The first recorded 
incidence of Dothistroma needle blight in the northwest occurred in the early 1960s in 
which it was noted on three native and six exotic pine species (Parker and Collis 1966). 
The next record occurred in 1984-1986, where Dothistroma was observed in 
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northwestern BC (Woods et al. 2005). Since then little attention has been given to 
Dothistroma needle blight as it has not been responsible for any large outbreaks until 
recently. In the past, natural controls such as weather were thought to have kept disease 
levels low and unnoticeable. 
 
Recently a severe outbreak of Dothistroma needle blight has developed in the Skeena 
Stikine Forest Region in northwestern BC. More than 90% of the 40 000 ha of lodgepole 
pine (Pinus contorta var latifolia Dougl. Ex Loud.) plantations surveyed show signs of 
Dothistroma, with damage ranging from low levels of infection to nearly 100% mortality 
(Woods 2003). Lodgepole pine is economically significant as one of the major species 
harvested and used in reforestation in central and northern BC. The Dothistroma outbreak 
has already had a considerable economic impact in the cost of re-stocking severely 
damaged pine plantations, with further costs ensuing in the future management of these 
stands back to free-growing standards. 
 
Like many fungi, D. septosporum is favoured by moist conditions during the growing 
season as the moisture enhances fruiting body development and spore production 
(Lonsdale and Gibbs 1996; Gadgil 1977). One of the two major factors identified by 
Woods (2003) as contributing to the current epidemic is climate; the climate of the area 
in recent years has consisted of warm, moist summers and cool, wet falls. The second 
major factor Woods (2003) describes is an unprecedented abundance of young 
susceptible hosts on the landscape. Wet spores can germinate and penetrate a needle even 
in dry conditions, but symptom formation and fruiting body development require high 
humidity (Gadgil 1977; Gibson 1974). Conditions of continuous moisture are the most 
conducive to infection severity and reducing the time between infection and reproduction, 
with periods of dryness being less conducive (Gadgil 1974). We know that ‘hot spots’ for 
Dothistroma infection are in areas where cool air can pool, such as depressions, shallow 
gullies, and flat land (Marks and Hepworth 1986). Thus we can expect that low-lying 
plantations in close proximity to rivers and lakes, where heavy fogs are generated, will 
exhibit high disease severity. The purpose of this project is to observe variation in disease 
expression, identify the ranges of temperature and humidity conducive to disease 
development, and identify the role of site factors such as elevation, slope, and proximity 
to major water bodies in disease severity. Climate-disease summary relationships from 
our results will assist with forecasting potential impacts of the disease due to changes in 
climate. 
 
METHODS 
 
Plot monitoring 
In the Bulkey, Kispiox, and Cranberry Timber Supply Areas (TSAs), four sites were 
selected according to sign of Dothistroma infection, obtaining sufficient geographic 
coverage, and accessibility (see Figure 1). Within each site, four plots were established 
for weekly monitoring. In the centre of each site, weather stations were set up to record 
temperature and relative humidity. In six of the sites, leaf wetness sensors were also 
established. Six trees were randomly selected from each plot. Four nodes were flagged 
and ten needles were marked with blue paint. These needles were examined weekly for 
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disease development.The development of red bands, fruiting bodies, and spore 
production were recorded. When fruiting bodies were detected, two procedures were 
followed: (1) the needle bearing fruiting bodies was dipped in 3 mL of distilled water in 
order to wash off possible spores, and from each aliquot 10 mL of fluid was inserted into 
a hemacytometer for spore counting; (2) removal of ten needles to provide ten fruiting 
bodies for closer examination. These ten fruiting bodies were extracted from the needle, 
prepared in 10% KOH, and examined under a compound microscope to determine 
whether they were sexual or asexual. 
 
Topographic analysis 
Data provided by the Ministry of Forests and Range in Smithers, BC, will be used to 
investigate topographical effects on disease development. This data is a census of all 
lodgepole pine leading stands (>50% lodgepole pine) showing signs of Dothistroma 
infection visible from the air, as part of the Dothistroma monitoring program. 
Dothistroma infection severity was assessed by aerial survey, rated as functional live 
crown – a function of average live crown and average live nodes on a tree. Using this 
data a spatial analysis of disease severity according to aspect, slope, slope position, 
elevation, and proximity to water will be conducted. 
 
Data analysis 
Regression models will be used in a mixed effects framework to assess the effects of site 
characteristics, temperature, RH, and leaf wetness on disease development and spore 
production. Random effects will include node, tree, plant, and area, appropriately nested. 
The number of needles will be included as a fixed effect. 
 
The effects of site factors will be separated by an analysis of variance. A nested anova 
will be used to estimate the effects of small-scale differences in elevation within each 
sample stand. The dependent variables will be number of trees infected by Dothistroma 
and severity of infection. Independent variables are the stand characteristics as follows: 
location, species composition, height, age, diameter, density, number of trees infected by 
Dothistroma, severity of infection. 
 
RESULTS TO DATE 
 
Spore production and fruiting body development 
Conidia production was detected from late July to late August. Ascospores were never 
detected as a result of the spore swabbing process. Dissection of Dothistroma fruiting 
bodies revealed high abundance of asexual reproduction, determined by the identification 
of stromata. However ascoma, the sexual fruiting bodies, were rarely detected (see Figure 
2). They were confirmed in 2 of 280 needles samples, taken August 9 2007 and 
September 16 2007. Immature ascoma were not counted, as confirmation of the sexual 
stage was contingent on the presence of ascospores. 
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Topographic analysis 
A preliminary analysis of the aerial survey data found significant effects of elevation and 
slope on functional live crown (F2, 604 = 60.98, p = <0.0001). (Multiple R2: 0.168, 
Adjusted R2: 0.1652). 
 
Other deliverables 

• Poster presentations were held at WIFDWC 2007 in Sedona, Arizona, and at the 
NSC Winter Workshop 2008 in Prince George, BC. 

• Website page http://web.unbc.ca/~lewis/ update in progress. 
• Publication in Phytopathology/Bioscience in progress. 
• Extension publication, published by the Natural Resources and Environmental 

Studies Institute at UNBC, in progress. 
• MSc thesis in progress. 
• Climate-disease summary relationships that can be used in conjunction with 

climate models in progress. 
 
DISCUSSION 
 
Data analysis is ongoing, but results to date indicate that asexual reproduction is the 
dominant means of reproduction, which suggests long-distance dispersal of ascospores 
occurs only over a short period of time, and is relatively rare compared to shorter-
distance dispersal during periods of high humidity. Site factors, such as elevation appear 
to play an important role in disease development, and therefore the results of this work 
should enable development of risk models under different climate change scenarios. 
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Figure 1. Distribution of plot monitoring sites over the Cranberry, Bulkey, and Kispiox 
TSAs. 
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Figure 2. Lab observations of D. septosporum fruiting bodies: (a) ascoma, with cluster of 
asci (circled) (100X); (b) asci, with ascospores (circled) (400X); (c) stromata (100X); (d) 
conidia (400X). 
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