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20.1 Pathogen, Significance 
and Distribution 

Entoleuca mammata (Wahlenb.) J.D. Rogers & 
Y.M. Ju (syn. Hypoxylon mammaturn (Wahlenb.) 
P. Karst.) causes the most damaging canker 
disease of quaking aspen (Populus tremuloides 
Michx.) - Hypoxylon canker - in many areas 
of North America. A study by Anderson 
(1964) in the Lake States (Michigan, Minnesota 
and Wisconsin) estimated that Hypoxylon 
canker killed 1-2% of the aspen volume each 
year, which is equivalent to 31% of the net 
annual growth. The estimated yearly volume 
loss in Ontario (Canada) was 2 million m3 
(Pitt et al., 2001). Bigtooth aspen (P. grandiden- 
tata Michx.) is occasionally infected but the 
disease is not nearly as damaging to this spe- 
cies as it is to quaking aspen. 

Quaking and bigtooh aspens are the most 
abundant commercially and ecologically impor- 
tant species in the region. Aspens are critical to 
numerous wildlife species for food and habitat, 
and contribute substantially to many local and 
regional economies. It was estimated in 1971 
that tree mortality attributed to Hypoxylon can- 
ker in the Lake States was equal to a loss of 4.4 
million US$ a year at harvest (Ma*, 1972). Since 
that time, the value of aspen for pulp and paper 

and solid wood products has significantly 
increased, with a corresponding increase in 
its utilization by the forest industry. 

Hypoxylon canker is widely distributed 
in the northeastern and Lake States regions of 
the USA but less common in the western USA 
(Hinds, 1985) and, for reasons unknown, it is 
absent from Alaska (Hinds and Laurent, 1978). 
The disease is widely distributed in Canada 
(Bier, 1940). In Europe, it has been reported 
aEfecting European aspen (P. tremula L.) from 
Finland, Germany and Sweden (Miller, 1961), 
and from France (Pinon, 1979). Other hosts in 
Europe indude white poplar (P. alba L.), black 
cottonwood (l? balsamifea L. subsp. trichocarpa 
(Tom &A. Gray ex Hook) Brayshaw) and hybrid 
aspen (l? tremula x l? tremuloides) (Kasanen et al., 
2004). The fungus has also been collected in Italy 
and Switzerland (Kasanen et al., 2004). 

Various hybrid Populus spp. are occasion- 
ally damaged by E. mammafa. Hypoxylon 
cankers were found on plantation-grown 
trees of P. nigra L. var. betulifolia x P. nigra 
'Volga', P. nigra var. betulifolia x P. balsamifera 
subsp. trichocarpa, P. maximowiczii A. Henry x 
(P. xberolinensis C. Koch), P. balsamifera subsp. 
balsamifera x (P. xberolinensis), and P. deltoides 
Bartram ex Marsh. x P. nigra 'Incrassata' (Ostry 
and McNabb, 1986). Experimental evidence 
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for confirming reports of the saprophytic or 
pathogenic relationships of E. mammata on 
several hardwood (broadleaved) species 
other than Populus have largely been incon- 
clusive (Ostry and Anderson, 2009). Its patho- 
genicity on aspen, along with several key 
morphological features, were evidence that 
led Rogers and Ju (1996) to remove the aspen 
fungus from the genus Hypoxylon and place it 
in the genus Entoleuca. 

The incidence and impact of Hypoxylon 
canker is greatest in the first 20 years of a 
developing aspen stand. Stem cankers on 
trees of this age are generally low on the 
stem, resulting in the death of affected trees; 
this contrasts with the upper stem cankers 
that develop in older trees and generally 
are not lethal if the trees develop new 
leaders (Anderson and Martin, 1981; Ostry 
and Anderson, 2009). In addition to trees 
in native forests, aspens in plantations and 

- ornamental landscape plantings are vulner- 
able to damage by Hypoxylon canker. 

20.2 Diagnosis 

Cankers can develop anywhere on the 
branches and stems of aspens of all ages. 
Symptoms of infection by E. mammata are 
quite variable depending on the stage of dis- 
ease development. Young cankers first become 
visible as slightly sunken, yellowish orange 
areas with irregular margins. Later, the outer- 
most bark (periderm) within the canker 
becomes blistered, eventually cracking open, 
and exposing a powdery grey mat of fungal 
tissue, conidial pillars and conidia. Conidia 
are single celled, hyaline, fusiform to ellipsoid 
and range from 5.5-8.0 x 1.5-4.0 pm in size. 

As patches of bark flake off, cankers 
become rough and black in the centre while 
the bark at the advancing margins of the 
enlarging cankers becomes yellowish orange. 
In the oldest areas of canker tissue, perithecial 
stromata develop in the crumbling cortex. 
The patches of hard, cushion-like stromata 
are white when young and turn grey to black 
as they age. Ascospores are single celled, dark 
brown, elongate ellipsoid and range from 
9.0-12.0 x 20.0-33.0 pm in size. 

Callus occasionally develops at the mar- 
gins of cankers but usually the fungus invades 
new tissues and the canker expands too rapidly 
for callus to develop, resulting in characteristic 
di£fuse cankers that can eventually girdle and 
kill affected trees. Variation in callus produc- 
tion and wound closure may explain differ- 
ences in canker resistance and susceptibility 
among aspen clones. Cutting into cankers 
exposes white or grey mycelial fans that usu- 
ally extend beyond the visible canker margin, 
and the diagnostic mottled black and yellow- 
ish cream colour of the sapwood. 

'Flags', i.e. dead leaves remaining on 
branches girdled by a canker, are a common 
disease symptom in the crowns of affected 
trees, and are especially visible during the 
dormant season. Wood decay by E. mammafa 
(Merrill et al., 1964) often results in branch and 
stem breakage at cankers and is also a damage 
characteristic of the disease (Plate 27). 

20.3 Infection Biology 

Even after many years of research, questions 
remain concerning some aspects of the infec- 
tion biology of E. mammata, but the consensus 
of investigators is that ascospores infect 
wounded xylem (Ostry and Anderson, 2009). 
Hubbes (1964) described E. marnmata as a sap- 
wood parasite that required a wound into the 
wood or dead bark to avoid toxic compounds 
in the living bark that inhibit growth of the 
fungus (Hubbes, 1962,1969). 

Toxins produced by E. mammata are 
thought to be involved in pathogenesis but 
their specific role still remains unclear (Griffin 
and Manion, 1985; BClanger et al., 1989,1990; 
Mottet et al., 1991; Pinon and Manion, 1991; 
Kruger and Manion, 1993a,b). Hubbes (1964) 
provided the first evidence that diffusible 
substances produced by E. marnmata inhibited 
the toxic bark effects and prevented callus 
formation at wound sites on aspen. It was 
postulated that the toxin was important in 
the initial process of infection and disease 
development (Schipper, 1975). Cell-free cul- 
ture extracts of E. mammafa caused aspen bark 
necrosis and collapse, and inhibited wound 
callus formation (Schipper, 1978). 
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Although most commonly encountered 
as a stem canker, the fungus can infect twigs 
and branches throughout the crowns of 
trees. Advanced stem cankers are often 
centred on a branch stub. Cankers com- 
monly originate on branches and, if they are 
close by, eventually grow into the main 
stems of affected trees. Dead wood is not 
infected by E. mammata and cankers do not 
expand far into dead wood. Cankers have 
been found originating at the base of young, 
unwounded branches (Manion, 1975). The 
absence of the green layer above branch 
axils, which, if present, consists of cortex 
and part of the secondary phloem contain- 
ing host defence compounds, may also pro- 
vide an entry court for the fungus (French 
and Oshima, 1959). 

The ideal wound for infection of aspen 
by E. mammata was described by Bagga and 
Smalley (1969). Their hypothesis was that 
bark-boring insects could cause deep wounds 

, and tunnels with high relative humidity into 
which the fungus could penetrate and colo- 
nize trees. Because E. mammata utilizes cellu- 
lose, cellobiose and glucose in the xylem, but 
not sucrose in the phloem (Bagga, 1968; 
Schipper and Anderson, 1971), wounds deep 
into the xylem not only provide access to the 
sugars it requires for growth, but the patho- 
gen also avoids the toxins in the bark. The 
fungus forms sheets of hyphae that decay the 
woody xylem, obtaining nutrients that allow 
it to grow into the phloem and eventually 
producing enzymes that detoxify the fungi- 
static compounds in the green bark layer 
(Ostry and Anderson, 1998). 

Several species of insects make oviposi- 
tion wounds on aspen that have been demon- 
strated to be frequent sites for infection 
(Anderson et al., 1979; Ostry and Anderson, 
1983, 1986). The habits of these insects and 
of downy woodpeckers (Picoides pubescens 
(Linnaeus)) foraging on the insect larvae par- 
tially explain the distribution of Hypoxylon 
canker within affected trees and aspen stands 
(Ostry et al., 1982; Ostry and Anderson, 1998). 
On average, there is a latent period of 26 
months from infection by ascospores through 
galls resulting from oviposition by the poplar 
gall saperda (Saperda inornata Say) until syrnp- 
tom expression (Ostry and Anderson, 1995), 

which has contributed to the past difficulty in 
determining the origin of cankers (Plate 28). 

Approximately a year after symptoms 
develop, hyphal pegs form and break through 
the bark periderm revealing the grey mat of 
fungal tissue and exposing the conidia. 
~on id i a  are not infectious,- nor are they 
involved in the spread of the fungus in the 
field. Rather, they are thought to function as 
spermatia for the production of ascospores 
that develop in thi perithecial stromata that 
replace the' conidial mats 1-2 years later 
(Griffin et al., 1992). 

20.4 Epidemiology 

There have been many studies of Hypoxylon 
canker conducted in natural stands and many 
of the results have been contradictory. The 
wide geographical range of aspen, with many 
site and environmental variables, its clonal 
habit and variation in disease susceptibility, 
and differences in the ages of trees under 
study have confounded interpretations of the 
research results. In addition, care must be 
exercised in reading these reports because it 
is not always clear whether the authors were 
including branch cankers as well as stem can- 
kers in their analyses. Furthermore, variation 
in disease resistance among aspen clones 
expressed as rapid stem death, in contrast to 
tolerance in which diseased stems can sup- 
port cankers for longer periods of time, has 
complicated studies of the disease. More 
importantly, it is not always evident whether 
the results are expressed in terms of the prev- 
alence (ratio of living infected trees to total 
living trees at a given time) or incidence (ratio 
of new infected trees to the initial total of trees 
during a given time interval). 

Factors contributing to moisture stress 
were found to increase canker susceptibility 
(Bagga and Smalley, 1974). Moisture stress, 
through its effect on increasing host amino 
acids favourable for the growth of E. mammata 
(Griffin et al., 1986; Belanger et al., 1990), and 
in reducing levels of bark compounds inhibi- 
tory to the growth of E. mammata (Kruger and 
Manion, 1994), has been suggested as a major 
factor in increasing tree susceptibility and 
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canker elongation. Moisture stress has also 
been shown to influence infection by asco- 
spores (Bier and Rowat, 1962b). 

Ascospores are liberated from perithecia 
during wet weather throughout the year, 
including during the winter months in Min- 
nesota at temperatures as low as 4 ° C  (Wood 
and French, 1965a), although infection of trees 
during those months has not been demon- 
strated. In the field, branch galls resulting 
from oviposition by the poplar gall saperda 
on aspens inoculated with ascospores resulted 
in canker development, thus providing evi- 
dence of the critical role of insect wounds and 
ascospores in the biology of the disease (Ostry 
and Anderson, 1995). 

Detailed study of the increase in canker 
incidence in an aspen plantation (Manion and 
Blume, 1975) and in naturally occurring 
clones (Falk et aL, 1989), and genetic studies 
of the population structure of E. mammata 
within plantations (Griffin et al., 1992; Ostry 
and Anderson, 2009) have revealed that the 
spread of the fungus and increase in disease 
incidence were random and that each canker 
in the populations studied was genetically 
different. It was concluded that cankers result 
from infection by single ascospores and that 
somatic incompatibility keeps individual 
canker isolates genetically isolated, thereby 
preventing pathogenic races from develop- 
ing. Evidence for outcrossing in populations 
of E. mammata was obtained in experimental 
pairings of single ascospore-derived strains 
from the same perithecium (Bier, 1940; 
Sharland and Rayner, 1989). 

Yearly fluctuations in the prevalence of 
~ y p o x ~ l o n  canker (i.e. 'wave years') reported 
by Schmiege and Anderson (1960) were 
suggested to be the result of cankers that 
developed under favourable conditions for 
infection in the galleries made by various 
insects (Nord and Knight, 1972). 

A conceptual model incorporating vari- 
ous pre-infection and post-infection factors in 
the Hypoxylon canker disease cycle was 
developed to illustrate how the host, patho- 
gen and environment interact within indi- 
vidual trees and within stands. Pre-infection 
factors, such as early wound responses, 
defence compounds and resistance to wood- 
boring insects are difficult to select for but 

may correlate with natural canker prevalence 
better than post-infection factors, such as 
rate of canker elongation, callus formation or 
branch death (Ostry and Anderson, 2009). 

20.5 Management Strategies 
and Tactics 

A large body of literature on Hypoxylon can- 
ker produced by numerous researchers has 
added to our understanding of this disease. 
However, it is difficult to provide examples of 
direct, operational control efforts or changes 
in management directed at minimizing its 
impact as a result of this research. More often, 
the loss in volume and quality resulting from 
a high incidence of white trunk rot caused by 
Phellinus tremulae (Bondartsev) Bondartsev & 
P.N. Borisov is the major factor influencing 
harvest age over much of the range of aspen, 
imposing what has been referred to as the 
'pathological rotation' age of aspen. 

Aspen has several unique traits that 
complicate silviculture and favour single- 
entry, even-aged management (Mowrer, 1988). 
Among these traits are the clonal growth of 
aspen, its root sucker regeneration, its extreme 
shade intolerance, the thin bark that makes 
it vulnerable to damage by many biotic and 
abiotic factors and its ability to highly self- 
regulate its stand density over time. 

In the past, the large areas of aspen in the 
Lake States that established and developed 
on disturbed sites after the harvest of pine 
(Pinus spp.) and following the many ensuing 
slash fires have been managed extensively, 
applying no specific silvicultural practices 
other than the stands being predominantly 
regenerated using clear-cutting (clear-felling). 
For the most part, dependable, natural 
regeneration was obtained by this method, 
and stands were allowed to develop until the 
next felling cycle. 

More recently, there has been an interest 
in applying alternative silvicultural systems 
for aspen management (Ruark, 1990; Zasada 
ef al., 2001; Gradowski ef al., 2010). These 
systems of intensive management may make 
it necessary to develop and apply strategies 
such as genetic improvement and clone 
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manipulation to minimize the impact of 
Hypoxylon canker and other damaging agents. 

20.5.1 Avoidance 

The prevalence of Hypoxylon canker and 
mortality of infected trees have 'been subjects 
of study by many investigators who have 
attem~ted to correlate site and stand factors 
with disease incidence and severity. A greater 
prevalence of Hypoxylon canker on poorer 
sites has been reported (Lorenz and 
Christensen, 1937; Gruenhaugen, 1945). Study 
of the cause of aspen clone deterioration in 
the Lake States revealed that under similar 
environmental conditions, genetic differences 
among clones determined clone. longevity, 
and that stocking differences among clones 
were attributed to variation in insect damage 
and to thinning by Hypoxylon canker (Shields 
and Bockheim, 1981). 

Perala (1984) reported significantly less 
injury by both wood-boring insects and 
Hypoxylon canker on an excellent aspen site 
(50 years old, site index 27 m) compared with a 
good site (50 years old, site index 23 m). 
However, in an earlier study, a large number of 
aspen field plots established across the range 
of aspen in the Lake States to examine the 
prevalence of Hypoxylon canker as affected by 
stand and site characteristics yielded ambigu- 
ous results (Anderson, 1964). There was no 
correlation between canker prevalence and 
site index. The only consistent relationships 
were that canker prevalence fluctuated widely 
from year to year and prevalence was less in 
older-stands.-The author suggested that cli- 
mate, microclimate and weather were most 
likely more important in the occurrence of can- 
ker than soil and other characteristics affecting 
aspen growth and vigour. Looking back on 
this study though, it was done before the 
research that demonstrated the importance of 
wounds made by various insects; which, in 

infection and canker development (Bagga 
and Smalley, 1974). A survey of natural aspen 
stands in central New York for the prevalence 
of canker revealed that several physical and 
chemical factors contributing to the availabil- 
ity and retention of moisture were negatively 
correlated with canker prevalence (Bruck and 
Manion, 1980). Several interacting soil and 
host variables were used to develop a predic- 
tion model for evaluating sites for the risk of 
Hypoxylon canker. 

One of the most frequent observations 
on the incidence of Hypoxylon canker cited 
is its relationship with stand density. Greater 
disease has been reported among trees along 
stand edges and in low-density stands by 
many investigators (Ostry and Anderson, 2009). 
Based on these reports, aspen management 
recommendations often include statements of 
regenerating and maintaining high stocking 
densities and a closed canopy to avoid exces- 
sive losses to Hypoxylon canker (Perala, 1977). 

20.5.2 Exclusion 

Hypoxylon canker can be found throughout 
most of the range of aspen in North America 
except Alaska. Because historically it was 
assumed that the disease occurred widely, 
long-distance dispersal and geographic 
spread of the pathogen was not studied in 
detail and no explanation for its absence in 
Alaska has been provided. 

Molecular analysis and historical evidence 
suggests that E. mammata was introduced to 
Europe several centuries ago (Kasanen ef al., 
2004). The latent period in this disease 
that was previously mentioned (Ostry and 
Anderson, 2009) means that the pathogen 
could inadvertently be moved to unaffected 
areas on infected, asymptomatic plants. There- 
fore, reasonable care should be taken not to 
establish plantations or landscape plantings 
with infected stock. 

turn, influence the incidence of the disease in 
aspen stands (Anderson ef al., 1979; Ostry and 
Anderson, 1998). 20.5.3 Eradication 

Inoculations of greenhouse-grown aspen 
plants revealed that factors related to host The removal of infected trees during thinning 
moisture stress increased susceptibility to to reduce inoculum within aspen stands has 
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been suggested (Bier, 1940). However, the 
removal of infected trees from a stand isolated 
from other infected aspens failed to eliminate 
ascospores that were thought to have origi- 
nated on overlooked cankers and carried into 
the stand by wind (Froyd and French, 1967). 
Felling infected trees did not significantly 
reduce spore inoculum because ascospores 
continued to be ejected from cankers on these 
trees and could be collected on spore traps for 
2 years after felling (Froyd and French, 1967). 
The authors concluded that eradication was 
not an efficient measure of control. 

As previously noted, population studies 
of E. mammata in plantations (Griffin et al., 
1992; Ostry and Anderson, 2009) demonstrated 
that the presence of a fungal isolate from 
an infected tree does not increase the risk of 
infection of adjacent trees. The availability of 
suitable wounds, rather than the presence 
of inoculum, plays a major role in the random 
occurrences of the disease within stands. Thus, 
eradication of E. mammata inoculum is not a 
strategy for managing healthy aspen. 

quaking aspen to E. mammafa may be related 
to the presence of microorganisms, which may 
either be directly antagonistic to E. mammata 
(as just noted) or act via the inactivation 
of bark pyrocatechol, which is fungistatic 
towards E. mammafa (Hubbes, 1962). 

Naturally occurring bacteria and fungi 
on or in E. mammata stromata and aspen bark 
were found to be inhibitory to ascospore 
germination (Wood and French, 1965b). The 
authors suggested that at certain times condi- 
tions within infection courts might differen- 
tially favour the germination of ascospores 
over development of these naturally occur- 
ring microorganisms. 

Fertilization by treatments with NPK 
(nitrogen + phosphorus + potassium) did not 
result in significant reduction in the incidence 
of Hypoxylon canker on inoculated aspen in 
a field test in Michigan (Teachmanet al., 1980). 
The authors postulated that lack of host mois- 
ture stress and clonal variation in host sus- 
ceptibility to infection may have been among 
the factors confounding the effects of fertili- 
zation on canker development. 

20.5.4 Protection 
20.5.5 Resistance 

There have been only a few research studies 
published on the use of chemical protectants 
against Hypoxylon canker. Cycloheximide 
was found to inhibit mycelial growth of 
E. mammata in vitro, and cankers did not 
develop on inoculated, sterilized black cot- 
tonwood cuttings dipped in actdione unless 
the cuttings were water stressed (Bier, 1962). 
In addition, it was found that the antibiotic 
treatment was injurious to the developing 
shoots and roots of the treated cuttings. 

Saprophytic fungi on well-watered 
greenwood cuttings of black cottonwood pre- 
vented canker development when inoculated 
with E. mammata, b i t  were not inhibitory 
when the cuttings were water stressed (Bier 
and Rowat, 1962a, 1963a). The authors pro- 
posed that the antagonistic activity of the 
facultative parasites would provide a* oppor- 
tunity for biological control using natural 
bark extracts. Some authors (Bier and Rowat, 
1963b; Bier, 1965) have suggested that the 
susceptibility or resistance of living bark of 

Recognition of the wide variation in many 
traits among natural aspen clones, including 
damage by insect pests and pathogens, has 
provided optimism for the selection and 
breeding for Hypoxylon canker resistance. In 
a study in Michigan, Copony and Barnes 
(1974) found that the number of aspen stems 
within various clones affected by Hypoxylon 
canker ranged from 9% to 90%. They reported 
that 55% to 80% of the variation in the disease 
among clones was genetic. Discussing the 
relationship between stand density and can- 
ker incidence, the authors suggested that 
genetic control of variation in suckering 
ability may be one mechanism involved, with 
clones producing dense suckers experiencing 
less damage by Hypoxylon canker than clones 
producing fewer suckers. 

Other investigators question whether 
canker incidence in the field is an accurate 
measure of resistance to natural infection 
(Manion and Griffin, 1992). Results from the 
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inoculation of branches on 100 aspen clones 
were not correlated with the natural preva- 
lence of canker (French and Hart, 1978). In 
another study, canker expansion on inocu- 
lated stems of three of five clones was not cor- 
related with the natural prevalence of cankers 
on those clones, although results from the 
inoculation of grafted plants of the five clones 
in the greenhouse were (Enebak et al., 1999). 

Aspen breeding in the Lake States was 
initiated in 1955, supported in part by the for- 
est industry (Li et al., 1993a). Large family dif- 
ferences in Hypoxylon canker incidence were 
found in a 30 year old aspen field trial of 25 
full-sib families (Li ef  al., 1993b). Families that 
self-pruned well had a lower incidence of 
Hypoxylon canker than other families. The 
authors suggested that trees that self-pruned 
had fewer branches on which cankers could 
develop and grow into the main stem. 
Interspecies crosses, however, have not been 
as successful in aspen breeding because of the 
high susceptibility of aspens to damage by 
several diseases (as well as to Hypoxylon can- 
ker) (Ostry and Anderson, 2009). 

Screening aspen for resistance to 
Hypoxylon canker has been conducted by 
inoculating seedlings (Enebak et al., 1996), 
branches (French and Manion, 1975; Valentine 
et al., 1976; French and Hart, 1978; Griffin et al., 
1984) and main stems (Enebak et al., 1999). 
In these tests, mycelium of E. mammata was 
introduced through mechanical wounds and 
canker expansion or the production of canker- 
inhibiting callus were measured. The results 
have been variable and open to multiple inter- 
pretations. Results from the inoculation of 
seedlings of two full-sib families with a 30 year 
canker history in the field were correlated, but 
highly dependent on seedling age, with the 
more lignified 9 month old seedlings being 
better predictors than the 3 month old seed- 
lings (Enebak et al., 1996). Chemical and mor- 
phological barriers to E. mammata in two aspen 
genotypes with different levels of field resist- 
ance varied by age of tissue and correlated 
with canker history (Enebak et al., 1997). 

A study of the early wound responses of 
greenhouse-grown aspen genotypes resistant 
and susceptible to E. mammata demonstrated 
differences in the development of an intact 
and localized lignified barrier zone and 

wound callus with phenolic substances that 
correlated with canker resistance (Bucciarelli 
et al., 1998,1999). The levels of defence-related 
genes were found to be associated with aspen 
genotype, wounding and time after wound- 
ing, and were roughly associated with 
Hypoxylon canker resistance (Thamarus and 
Fumier, 1998). 

No differences in natural canker inci- 
dence were found among trees in a plantation 
of nearly 600 aspen progeny from controlled 
crosses of parents that were either both dis- 
eased, or only one diseased or both healthy 
after 20 years (Ostry and Anderson, 2009). 
Canker incidence among parent trees propa- 
gated via root cuttings from diseased and 
disease-free trees was also similar, illustrating 
the difficulty of selecting parent trees based 
on canker prevalence in the field (Manion 
and Griffin, 1992). 

The establishment of stands of improved 
aspen will require the recognition of n i t  only 
the genetic component of the disease cycle 
but also the spatial and environmental factors 
influencing ihe disease. One approach that 
may minimize the impact of Hypoxylon can- 
ker in the first 15-20 years of a plantation of 
widely spaced aspen would be to establish 
the plantation with resistant progeny selected 
from long-term tests of clones. After cop- 
picing, spatial resistance (McNabb et al., 1982) 
resulting from dense sucker reproduction will 
then further reduce disease incidence. 

20.5.6 Therapy 

With the exception of pruning infected 
branches before the canker reaches the main 
stem (Ostry and Anderson, 1979), or excising 
the fungus in the early stages of the disease 
on high-value trees (Hinds and Krebill, 1975), 
treatment for the direct control of Hypoxylon 
canker is not available. There have been a few 
published reports on the investigation of the 
use of antibiotics to control the canker, but 
this line of research produced little success. 

Treatment of cankers on aspens in Colo- 
rado with cycloheximide was not effective in 
inhibiting the disease (Hinds and Peterson, 
1966). The application of cydoheximide in fuel 
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oil directly on to stem cankers arrested canker 
enlargement, and treated trees survived longer 
than non-treated trees during a small-scale 
field test in New York (Brown and Silverborg, 
1970). Although the authors stated that their 
results were limited and inconclusive, they did 
suggest that direct control of Hypoxylon can- 
ker may be useful on high-value trees. 

In Minnesota, three formulations of phy- 
toactin and two of semicarbazone in an oil 
emulsion were aerially applied by helicopter 
to trees with cankers during the summer 
(Anderson, 1971). The treatments were not 
effective in controlling the cankers or increas- 
ing the survival of infected trees. 

20.5.7 Integrated disease management 

As no direct control measures are available, 
the concept of integrated pest management 
and silvicultural strategies to manage aspen 
have been suggested to minimize the impact 
of Hypoxylon canker (Ostry, 1986). Results 
from numerous studies and surveys (Schreiner, 
1925; Day and Strong, 1959; Copony and 
Barnes, 1974; Bruck and Manion, 1980; Brandt 
et al., 2003) have indicated that the disease is 
less severe in well-stocked stands, so manag- 
ers have been encouraged to obtain and retain 
optimum stand stocking. It should be pointed 
out, however, that there is evidence that 
infected stems die more rapidly when shaded 
(Anderson and Anderson, 1968; Anderson, 
1972), and therefore infected stems in denser 
stands may be removed (i.e. die) more quickly 
than in more open stands. Surveys would 
thus give the impression that these stands 
had a lower prevalence of canker than the less 
stocked stands in which infected stems sur- 
vive for longer periods of time. 

Spatial resistance (McNabb et al., 1982), 
that is, the interactions of environmental 
and biotic factors with tree density, can influ- 
ence disease incidence and this relationship 
has been proposed as influencing the inci- 
dence and severity of Hypoxylon canker in 
aspen stands. For example, persistent bran- 
ches on the lower stems of aspen in low- 
density stands may provide entry courts 
such as insect oviposition wounds (Ostry and 
Anderson, 1998) that account for a greater 

incidence of canker than among trees in dense 
stands that promote self-pruning (Ostry and 
Anderson, 1979). 

The practice of thinning aspen in general 
(Perala, 1991; Pemer et al., 2001) and, particu- 
larly, its effect on the occurrence of Hypoxylon 
canker (Pitt et al., 2001; Ostry et al., 2004) 
has been controversial owing to the economic 
aspects, variation in site, clone genetics, an 
incomplete understanding of the biology of the 
disease and contradi~tor~~results from research 
plots. Anderson (1964) reported on two thin- 
ning studies: one with significant effects and 
the other with less certain results. An increase 
in Hypoxylon canker in thinned plots was 
reported early in a study in Minnesota 
(Anderson and Anderson, 1968), but further 
analysis after 47 years revealed that canker 
incidence was affected to greater extent by 
clonal differences in canker susceptibility 
than to the thinning treatment (Ostry et al., 
2004). It has been suggested that forest man- 
agers consider factors that affect aspen regen- 
eration densities and rotation length when 
thinning is planned (Bates et al., 1989). Cleland 
et al. (2001) suggested that the thinning of 
aspen stands should be delayed until the lower 
branches have naturally self-pruned. 

In Ontario, precom&ercial thinning 
resulted in an elevated incidence (based on 
the initial trees in the stand) of Hypoxylon 
canker on living trees but no significant dif- 
ferences in the prevalence (based on the 
number of surviving trees) of canker among 
the living trees (Pitt et al., 2001). The authors 
concluded that even though thinning as a 
management tool could be used without con- 
cern for occurrence of the canker, thinning 
and tree mortality attributed to ~ y p o x ~ l o n  
canker and other causes may increase the risk 
of achieving less than optimum stocking for 
maximum fibre yield at the end of the rota- 
tion, and these losses should be factored into 
determining the desired final densities. Partial 
felling in aspen resulted in damage by sun 
scald, logging wounds invaded by canker fungi 
and infestations by wood-boring insects, all 
of which weakened the residual trees   alters 
et al., 1982). 

Clonal differences in the prevalence of 
Hypoxylon canker, as well as growth and 
yield, have been the basis for the suggestion of 
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clone management in aspen stands in which 
superior clones are favoured over disease- 
susceptible clones (Perala, 1977). By not har- 
vesting inferior, disease-susceptible clones, 
the root suckers from the harvested superior 
clones are allowed to expand and predomi- 
nate on the site. It has been recommended that 
if 1525% of the aspens in a stand is affected 
by Hypoxylon canker, the stand should be 
harvested early (Schipper and Anderson, 
1976). If more than 25% of the aspens are 
affected the site should be converted to other 
species, assuming that clone genetics is 
responsible for the high disease incidence. 

Whether there is a site relationship to 
canker incidence is uncertain. However, man- 
aging aspen on the best sites will increase 
yields and avoid losses caused by insect 
pests and other pathogens that are more 
severe on lower quality sites. Studies have 
shown that aspen that had a history of defo- 
liation by the forest tent caterpillar (h4alacosoma 
disstria Hiibner) had an increased suscepti- 
bility to wood-boring insects and Hypoxylon 
canker (Churchill et al., 1964; Anderson and 
Martin, 1981). 

Based on the importance of insect wounds 
as infection sites, aspen stands should be 
monitored for insect outbreaks that can incre- 
ase the risk of Hypoxylon canker. Depending 
on the current age and stocking of affected 
stands, it may be desirable to harvest early 
with the objective of obtaining uniform, full 

stocking in the regenerating stand. It has been 
suggested that shearing (i.e. clear-cutting 
using specialized equipment) young under- 
stocked (noncommercial) aspen stands, so that 
they resprout from the remaining root sys- 
tems, can be used to regenerate these stands 
to full stocking and restore their productivity 
(Perala, 1983). Delaying the harvesting of 
an aspen stand may be warranted to avoid 
exposing a young, regenerating stand to 
known current or expected outbreaks of defo- 
liating insects, such as the forest tent caterpil- 
lar, and to subsequent increases of stem-boring 
insects (Churchill et al., 1964) or to emergences 
of the periodic cicada (Magicicada sq tendecim 
Linnaeus); these can all increase the risk of 
aspen stands to damage by Hypoxylon can- 
ker (Ostry and Anderson, 1983). 

Hypoxylon canker is just one of the 
many potentially damaging agents of aspen. 
Managers need to consider the many values of 
both 'healthy' and diseased or infested aspen 
stems for fibre production, wildlife habitat, 
soil stabilization, aesthetics, etc., throughout 
its range on various sites. How associated 
insect pests and pathogens interact with aspen 
on different sites and under different environ- 
mental conditions will determine the vulner- 
ability and ultimate impact to individual trees, 
clones and stands. Managers will need to 
determine in many cases whether practical 
strategies to minimize potential damage are 
available, warranted or even desirable. 
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