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Abstract

McLaughlin, J.A. 1991. A study of Chondrostereum
purpureum and itg role in the decline of white
birch in Thunder Bay. 105 pp. + appendices.
Major Advigor: Dr. Edson C. Setliff.

Key Words: birch dieback and decline, crystalline
secondary metabolite, fruiting,
pathogenicity, sexuality, silver leaf.

Various aspects of the biology of Chondrostereum
purpureum (Pers.:Fr.) Pouz. and its role in dieback and
decline of white birch (Betula papyrifera Marsh.) were
gtudied. (1) Sixty—nine trees which exhibited symptoms of
dieback and decline were sampled for (. purpureum infection
in Thunder Bay, Ontario. Using a variety of sampling
methods, including boring, and trunk and branch dissection,
C. purpureum was isolated from 26 (38%) of 69 trees
sampled. The increment borer sampling technique proved to
be the most efficient method of isolating the pathogen, in
terms of combining ease of execution and good success rate.
(2) The pathogenicity of (. purpureum to birch seedlings
was tested. All twenty—six gseedlings infected with
mycelium developed open wounds, 12 of which cankered,
whereas the wounds in 26 controls closed within 4-6 weeks.
Progress of the infection varied. Spread of the canker
from the wound site (including stem girdling and dieback in
two seedlings). spread through the xylem and formation of
cankers further up the stem, and apparent containment of
the infection at the wound site were observed. (3) The
properties of white needle—like crystals which formed on
heavy spore casts were investigated. The filamentous
crystals were composed of a sesquiterpene compound
(C1 O, M" 222, m.p. 136 °C) similar to (+)—-torreyol. (4)
Thé"seXuality of (. purpureum was investigated. The fungus
is heterothallic, with tetrapolar sexual differentiation.
Anomalies such as unilateral compatibility and unequal
abundance of clamps and fruiting in compatible pairings
were observed. (5) A method of inducing growth of C.
purpureum basidiocarps and their gtorage was devised.
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Introduction

An air of mystery and contradiction surrounds the fungus
Chondrostereum purpureum (Pers.:Fr.) Pouzar. Many aspects
of its biology are unusual and puzzling. Although

clagsified since the early 19th

century in the genus
Stereum (1t has well—-developed stereoid basidiocarps), it
was later found to have an entirely different structure
than true Stereum (Reid 1971) and Pouzar (1959)
reclassified it into a new mono—-typic genus,
Chondrostereum. Its monomitic hyphal system (Reid 1971),
single clamp connections (true Stereum species have
multiple clamps) in both cultures and basidiocarps (true
Stereum species have no clamps in basidiocarps) (Lentz
1971), the large saclike hyphal structures (i1.e. vesicles)
it produces in the sub-hymenial zone (Reid 1971), and 1its
tetrapolar heterothallism (Robak 1936) all support 1its
distinction from Stereum. Regarding its vesicles, all
species which produce such vesicles are closely related:
that is, except for C. purpureum (Stalpers 1978).

Taxonomy aside, its ecological role is also unusual.
Well known for its apparent saprophytic role as a colonizer
of freshly cut trees (Fritz 1954; Rayner 1977), it has long
been recognized also as a wound parasite (Percival 1902).
However, whereas most basidiomycete parasites are
perthotrophs, i.e. they kill host material in advance of

penetration, (. purpureum is a hemibiotroph, i.e. it
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infects living tissue, eventually kills it, and then
continues its development (including sporulation) on the
dead tissue 1in competition with saprotrophs. This trophic
behaviour 1s characteristic, not of Basidiomycetes, but
rather of Ascomycetes (Luttrell 1974).

Consensus is lacking on the pathogenicity of C.
purpureum. Its devastating impact on orchard trees
(Setliff & Wade 1973) and hardwood stoolbed nurseries
(Spiers 1985) has been reported, yet it was absent from a
recent, extensive catalogue of diseases of trees and shrubs
(Sinclair et al. 1987). DBrooks and Bailey (1919) reported
birch trees which had been rapidly killed by mycotoxins
released by C. purpureum. Wall's (1986, 1991) inoculation
tests with yellow birch (Betula alleghaniensis Britton)
resulted in cankers (some which healed) but no mortality.

This study was undertaken with the aim of exploring a
number of aspects of the biology of (. purpureum. Chapter
1 reports on (. purpureum's assoclation with decline of
white birch (BPetula papyrifera Marsh.). The subject of
Chapter 2 1is a pathogenicity test with young birch.
Chapter 3 describes an investigation of a crystalline
compound produced by germinating basidiospores of C.
purpureum, and Chapter 4 explores the sexuality of C.
purpureum. In light of the need to conduct further studies
on C. purpureum, Chapter 5 presents methods of growing and

preserving basidiocarps.



A Survey of Chondrostereum purpureum

Associated With Birch Decline
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Chondrostereum purpureum was first recognized in 1902 as
the wound pathogen which caused silver leaf disease of
fruit trees such as plum and peach (Percival 1902). Later,
the fungus was reported worldwide on a wide range of woody
plants of the temperate zone, including poplar, plane,
cherry, birch, horse chestnut, gooseberry (Brooks & Bailey
1919), balsam fir (Smerlis 1961), maple, mountain ash
(Pilley & Trieselmann 1969), and apple (Setliff & Wade
1973). In New Zealand C. purpureum is the principal
invader of wounds in eucalypts (Gadgilil & Bawden 1981), and
silver leaf 1s the most serious disease affecting pole
production from poplar and willow stoolbed nurseries
(Spiers 1985). The first North American report of silver
leaf disease was by Gussow (1911) who found it on an apple
tree in Nova Scotia.

Although it has a very wide host range, study of the
pathogenicity of (. purpureum to species other than fruit
trees has been limited (e.g. Minervini & Bisiach 1980 -
cankers in a Flatanus sp.; Wall 1986 - cankers in yellow
birch). The fungus has been tested as a silvicide on
Prunus serotina Ehrh. (de Jong et al. 1990a, 1990b) and
other hardwoods (Wall 1990).

As the name suggests, silver leaf disease results in a
silvery appearance of the leaves of the infected tree. The
silvering results from the action of a protein (an endo-

polygalacturonase) which disrupts the middle lamella
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between the epidermal cells and palisade cells, causing the
two layers to separate. This change in cell arrangement
results in changed reflectivity of the leaf surface: thus
the silvery appearance. The endo-PG also has a macerating
action in several plant tissues (Miyairi et al. 1977).
Brooks and Brenchley (1929) found evidence of an additional
toxin which killed leaf and flower tissue 1n Victoria plum.
Other common symptoms of silver leaf disease include branch
dieback, overall tree decline, and cankers. Internally,
the wood invaded by the pathogen often becomes darkly
discoloured by gums and resins (Brooks 1913).

Dieback and decline of white birch is common throughout
both the natural forests and urban areas of northern
Ontario. The best—documented episodes of widespread
dieback and decline of white birch in Canada occurred in
the period from the early 1930's to the late 1950's.
Symptoms included thinning foliage, curled or chlorotic
leaves, dieback of branches in the upper crown. and the
production of clumps of foliage in the lower crown. No
single causal agent was determined, in spite of years of
intensive research (Houston 1987).

White birch is an important shade tree in Thunder Bay,
Ontario. Many streets are lined with birch which were
planted by the City beginning in 1933. Dieback and decline
of all age classes of these trees was noted throughout the

city (McLaughlin & Setliff 1990).
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In September, 1986, (. purpureum was observed fruiting on
a sickly young white birch on the Lakehead University
campus. In the late summer of 1988, two more trees were
observed with (. purpureum basidiocarps. One of these
trees was 55 years old and had died during the summer of
1988. The other was a much younger tree that was dead in
the upper crown.

During the summers of 1989 and 1990, surveys to assess
this fungus' association with white birch trees that
exhibited symptoms of decline and dieback, and with

recently Killed trees, were conducted in Thunder Bay.

Materials and methods

Tree Selection. The primary criterion applied for the
selection of trees for investigation was crown dieback.
Trees with trunk wounds and decline symptoms (e.g. trees
with small foliage and/or thin crowns) were also eligible
for selection (Fig. 1.1). The silver leaf symptom fails to
occur in birch, even when heavily infected with the
pathogen (Brooks & Bailey 1919; Brooks & Storey 1923).

Sampling Techniques. Three survey methods for isolating
the fungus in symptomatic trees were employed: increment
borer sampling. trunk dissection, and dissection of newly
killed branches. The objective in increment borer sampling
was to extract a core sample from columns of discoloured

wood associated with wounds (if present, the fungus will be
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isolated from the brown—-coloured wood (Brooks 1913;
Schlechte 1981)). A small area of outer bark was cut from
a spot adjacent to a wound or branch stub on selected
trees. An increment borer rinsed with 70% ethanol was used
to extract the wood cores. The cores immediately were
transferred to sterilized test tubes for transport to the
lab. Normally, only one core was extracted from each tree,
however, if the first attempt failed to yield discoloured
wood, a maximum of two additional samples was taken. Both
discoloured and clear—wood cores were tranferred to malt
extract agar (MEA) plates. This method was employed during
the 1989 field season.

Several of the trees which had been sampled by increment
borer during the summer of 1989 were dead or very near
death by July of 1990. Seven of these previously sampled
trees were dissected. 1In addition, four previously
unexamined symptomatic trees were dissected. The trees
were felled, sawn into manageable lengths and then cut
longitudinally with a bandsaw. Isolation attempts were
made from exposed discoloured wood.

The third survey technique, dissection of newly killed
branches, was employed in August and September of 1950.
Branches which had leafed out in the spring but had died
during the summer were conspicuous because of the premature

browning of the leaves (flagging). Thirteen of these
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branches were dissected and examined in the same manner as
described above for trunks.

Isolation Technique. The wood cores extracted by
increment borer were placed in petri dishes containing
1.25% (MEA) plus 25 ppm benomyl and 250 ppm guaiacol. The
fungicide benomyl was added in order to inhibit the growth
of moulds which might have otherwise prevented the growth
of C. purpureum or masked its appearance. Benomyl acts to
slow the growth on a wide range of fungi but has a reduced
effect on Basidiomycetes (Kendrick 1985). Gualacol was
added to the media as an indicator because it turns orange-
brown in the presence of (. purpureum (Bishop 1979). The
dishes were incubated on a laboratory bench at ambient room
conditions.

As fungal growth from the wood core was observed,
isolations were transferred onto 1.25% MEA in petri dishes
and left on the laboratory bench to grow until they reached
a stage of development when they could be identified.
Isolations were recorded as originating from either clear
wood or discoloured wood.

Benomyl and guaiacol were not added to the media used in
isolation attempts from the trunk and branch sections.
Slivers of wood were aseptically cut from discoloured wood
and placed onto 1.25% MEA in plates and left on the lab
bench. Macroscopic identification of the pathogen was made

as the fungus grew out of the wood slivers.



Figure 1.1. A symptomatic tree among apparently healthy
ones on the Lakehead University campus.

Results and discussion

Sampling Techniques. Successful isolation attempts were
made from material collected by all three sampling
techniques. The increment borer technique was not as
reliable a method for locating discoloured wood as were the
dissection techniques; discoloured wood was located in only
39 of 52 trees sampled (Table 1.1). This quick, non-
destructive technique proved, however, to be the most
efficient method of isolating the pathogen in terms of ease
of execution and success rate. Wood cores from 17 (33%) of

the 52 trees sampled yielded C. purpureum in culture. The
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17 positive isolations represent a 44% isolation success
rate from the 39 discoloured wood cores extracted by this
method.

Trunk dissection was a reliable method of locating
possible infection sites but also was labour—intensive and
by definition a destructive sampling technique. The
pathogen was isolated from 36% of the trees sampled by this
method. Branch dissection was as effective a technique as
trunk dissection for locating possible infections. Also,
it was a less destructive technique but had the
disadvantage of limited access to dead branches high in the
crown. The success rate for isolating the pathogen from
trees sampled by this method was 23%.

Table 1.1. Chondrostereum purpureum isolations from
symptomatic white birch.

Sampling # of trees Success in locating # of positive
Technique sampled discoloured wood isolations
Increment

Borer 52 39 17
Trunk a b
Dissection 11 11 4
Branch

Dissection 13 13 3

a

Seven of these trees were among those previously sampled
by increment borer.

Two of the positive isolations came from trees which had
been sampled by increment borer but failed to yield

C. purpureum by that method. In fact, discoloured wood
had not even been located from one of these two. The
fungus was iscolated from one of the four previously
unexamined trees that were dissected.

b
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The trunk and branch dissection techniques allowed for
determining the age of the wounds which had served as entry
points for the pathogen. Wound ages ranged from a l-year-
old wound on a dying branch (Fig. 1.2) to an ll-year-old
trunk wound tree with advanced dieback.

Isclation Technique. Chondrostereum purpureum wWas
isolated from discoloured wood associated with both branch
and trunk wounds. In no case was the fungus isolated from
wood that was free of discolouration. Most success came
from isolation attempts made at the edge of the discoloured
portion of the wood.

In the earliest isolation attempts, the guaiacol
reaction, suppression of undesired moulds by benomyl, and
fruiting in culture were aids to identification. However,
it became evident that in most cases the rapid growth rate
and distinctive appearance of (. purpureum cultures
provided sufficient evidence by which to identify the
fungus. The advancing hyphae were distant, the margin was
uneven, and in many cases there was a slight clock-wise
rotation to the direction of hyphal growth at the leading
edge of the colony. This last feature was most noticeable
when the mycelia had grown out 2-3 cm (Fig. 1.3).

Chondrostereum purpureum grew quickly, even in the
presence of 25 ppm of benomyl and usually emerged within 2-

3 days of plating. The growth rate on MEA was always
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Figure 1.2. Stages of limb dieback caused by (. purpureum:
death of the infected branch and dying foliage
and twigs on the distal portions of the limb.
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Figure 1.3. Distinctive cultural appearance of C(.purpureum
with uneven margin and clock-wise rotation of
leading hyphae.

rapid. When isolated to the centre of a 8.5 cm petri dish,
the culture covered the medium surface within 4-5 days at

232

Gs

In cases which required further verification, the
conclusive characteristic was fruiting. Basidiocarps that
formed in culture were atypical of those found in nature.
After about 3 weeks of growth in the petri dishes, small
cream—coloured mounds formed along the outer edges of the
agar and on mycelia growing up the sides of the dish (Fig.

1.4). Microscopic examination revealed vesicles, basidia,

and basidiospores characteristic of C. purpureum.
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Figure 1.4. Typical C. purpureum basidiocarp as it forms
in culture.

Association with Disease. This study is not the first to
identify an association between C. purpureum and defects in
white birch. In cull studies conducted by Basham and
Morawski (1964), €. purpureum ranked fourth (13 of 107
identified infections) in basidiomycetes associated with
various types of trunk defects. Chondrostereum purpureum
ranked second (four of 22 identified infections) for the
defect incipient yellow rot, and first (seven of 24
identified infections) for the defect brown stain.

Given this clear association, it seems puzzling that C.
pburpureum was not isolated from dead branches sampled in

earlier investigations of dieback (Horner 1953). This may



15
be because the toxins produced by the fungus are
transported in the xylem from the site of infection to the
distal portions of the crown or branch (Cunningham 1522)
and can, therefore, kill from a distance. Branches killed
in this way will bear no signs of the pathogen, but
isolation attempts may yield a variety of non—-pathogenic
saprophytes, as was the case in earlier investigations
(Hansbrough 1953; Horner 1953).

In this study., trees infected in the trunk exhibited a
general decline, characterized by a sparse crown with small
leaves and dieback either from the top or the bottom of the
crown but not aleays limited to only one portion or side.
Trees with branch infections had flagging or dieback of the
infected branches but the rest of the crown often appeared
healthy. This pattern of decline and dieback symptoms in
diseased trees was very close to that observed by
Cunningham (1922) in New Zealand (except for the silver-
leaf symptoms), and to that observed in a newly planted
apple orchard in Wisconsin (Setliff & Wade 1973).

Bronze birch borer (Agrilus anxius (Gory)) galleries were
often found in the infected trees. Borer damage 1is a
conspicuous feature commonly observed in dying birch. ©So
noticeable is this association that the borer was belileved
to be the primary agent causing birch dieback and mortality
(Hawboldt 1947). Although the borer may be a major factor

in the death of trees already affected by dieback, 1t 1is



16
not the primary agent which initiates the condition
(Hawboldt & Skolko 1947; Barter 1953; Quirke 1953).

Many questions regarding the role of (. purpureum in
birch dieback and decline remain unanswered. Although the
results of this study demonstrate association between C.
purpureum and birch dieback and decline, the pathogenicity
of the fungus to healthy trees has not been explored
adequately. Wall's (1986, 1991) pathogenicity test with
young vellow birch resulted in cankers but no mortality
after 15 months. Early results of a pathogenicity test
currently being conducted with white birch seedlings (see
Chapter 2) have demonstrated C. purpureum's ability to
cause cankers, dieback, and tree mortality.

Evidence and observations gathered in this survey have
generated a number of hypotheses regarding the pathogenic
role of C. purpureum in white birch. One hypothesis 1s
that C. purpureum is a fast-acting, virulent primary
pathogen which produces mycotoxins capable of quickly
killing a branch or entire tree (depending on the site of
infection) by itself (e.g. Fig. 1.2). Another hypothesis
is that the fungus may predispose the tree to attack by
other organisms (e.g. bronze birch borer) which, together
with the systemic action of the mycotoxins, result 1in a

steady decline (Fig. 1.5).
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Decline symptoms throughout a tree infected

with C. purpureum.

Figure 1.5.
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Tree mortality factors may also include: (1) the tree's
effectiveness in compartmentalizing the fungus;:; (2) seepage
of mycotoxins from the compartmentalized zone into the sap
flow; (3) multiple infections over several seasons
resulting in a mycotoxin—tolerance threshold being
exceeded:; (4) loss of water—transporting tissue to
compartmentalization; (5) and other contributing agents
(e.g. weather, trauma) which reduce tree vigour and thereby
allow the rate of spread of the fungus in the tree to
exceed the tree's ability to contain it by

compartmentalization.
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The association of Chondrostereum purpureum with dieback
and decline of white birch has been reported by McLaughlin
and Setliff (1990) and Setliff and McLaughlin (1991).
Although observation of a persistent fungal association
with a specific disease is not proof of pathogenicity, 1t
is an important first step in determining a causal
relationship.

Some investigations into the pathogenicity of C.
purpureum to other tree species have been carried out.
Brooks and Bailey (1919) proved the pathogenicity of C.
purpureum to the plum varieties Victoria and Czar in an
application of Koch's postulates. Likewise, Wall's (1986,
1991) experiments with yellow birch and beech (Fagus
grandifolia Ehrh.) showed that (. purpureum was capable of
producing stem cankers. de Jong et al. (1990a)
demonstrated the pathogenicity of C. purpureum to black
cherry 1in biocontrol trials in the Netherlands.

Dieback and decline of birch in northeastern North
America has been a recognized problem since the 1920's.
Attempts to provide a satisfactory explanation of the cause
of this phenomenon have so far been unsuccessful, in spite
of i1ntensive investigations into the abiotic and biotic
aspects of the problem (Houston 1987).

Given the proven association of (. purpureum with birch
dieback and decline, and the fact that (. purpureum has

never been investigated as a possible cause of this
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problem, it is important to determine the wvirulence of this
pathogen to birch. The objective of this study was to
apply Koch's postulates and determine 1if ¢ murpureum was
capable of causing the symptoms observed in white birch in

the field, as reported in this study and in Chapter 1.
Materials and methods

Experimental design. The experiment was executed in two
stages using a completely randomized design. The treatment
structure was factorial (2 X 2) in the second stage.

Stage 1. Stage 1 comprises two growing seasons and the
treatments applied during this period. Birch seedlings
were grown in the greenhouse for six months, by which time
they ranged in height from 15 to 32 cm tall. They were
then put in a growth chamber under short days (6 hours) and
low temperature (4°C) to induce dormancy. After 3.5 months
they were transferred to the greenhouse to break dormancy.
The treatments were applied 2.5 months into the second
growing season, after shoot elongation had ceased. Two
treatments were assigned randomly to 52 seedlings, which at
this time ranged in height from 44 to 68 cm tall. Twenty-
six of the seedlings were inoculated with C. purpureum
mycelilum grown on sterile malt agar, and a control
treatment of sterile malt agar was applied to the other 26.

Inoculation technique. Mycelium from (. purpureum

(isolate JAM-3) isolated from a dying birch (described
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later) was used as inoculum. The seedlings, ranging in
height from 44 cm to 68 cm, were inoculated approximately
2-5 cm above the root collar. The bark was first cleaned
with 70% ethanol and then a 1 mm X 5-7 mm axial cut was
made through the bark in the stem, just deep enough to
penetrate slightly into the xylem tissue. Plugs of C.
purpureum mycelium grown on 1.25% malt agar were cut with a
2-mm cork borer. The inoculum was applied to the wound and
then the wound was covered with Parafilm (American Can
Company) to maintain moist conditions and to prevent
contamination from air—borne moulds or other fungi. The
control treatment differed only in that plugs of sterile
malt agar without mycelium were applied to the wounds;
otherwise the seedlings were treated identically.

The seedlings were kept in the greenhouse for two months
after inoculation. They were then transferred to a growth
chamber under short days (6 hours) and low temperature
(4OC) conditions to induce dormancy.

Stage 2. After three months, the seedlings were returned
to the greenhouse and put under 16 hour day light
conditions. When the seedlings had flushed and the initial
leaves were expanded, a second experimental treatment was
applied (Table 2.1). Thirteen each of the inoculated and
the non—1inoculated seedlings were put under water stress.

They received water only when more than 50% of the leaves
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were wilting. The other 26 seedlings were watered every 4-

53 days, or as necessary to prevent water stress.

Table 2.1. Allocation of treatments in Stage 2.

Treatment Moisture Number of
Combination Inoculated Stress Seedlings
TC1 ves no 13
TCZ ves yes 13
TC3 no no 13
TC4 no yes 13

Response variables. In the latter part of Stage 1, the
seedlings were observed to see 1f the wounds had closed
(1.e. calloused over), or conversely, they had remained
open or a canker had developed. In Stage 2, wound closure
and canker development were monitored. 1In addition, height
increment was compared by the analysis of variance (ANOVA).

Representative inoculated and non—inoculated seedlings
were dissected aﬁd the extent of wood discolouration 1in
each was examined. The spread of the infection through the
bark was also examined. Attempts to isolate C. purpureum
from cankers and discoloured wood were made, in conformity

with Koch's postulates.
Results

Field obgervations. In July, 1989 a dying white birch
(approx. 25 years old) on the Lakehead University campus
was dissected. The crown, where it was still alive. bore

very few leaves (Fig. 2.1). Chondrostereum purpureum
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basidiocarps were growing near a branch stub on a lower
limb. Removal of outer bark from the limb and main stem
revealed a large area of necrotic bark which extended
almost 1 m down the branch and stem (Fig. 2.2).
Internally, a column of discoloured wood extended downward
approxXimately 125 cm from the infected branch (Fig. 2.3).
Chondrostereum purpureum was 1isolated from the necrotic
bark and all areas of the column of discoloured wood.

Wounds and cankers. The difference in wound closure
between inoculated and non—-inoculated seedlings was
distinct (Table 2.2). None of the wounds in the 1noculated
seedlings (i.e. TC1l, TC2) closed and some developed into
cankers (Fig. 2.4). All of the wounds in the non-
inoculated seedlings (i.e. TC3, TC4) closed within 4-6

weeks of the treatment (Fig. 2.35).

Table 2.2. Wound closure

Treatment Closed Open

Combination Wounds Wounds Cankers
TC1l, TC2 0 26 12
TC3, TC4 26 0 0

Progregss of infection. Cankers developed in 12 of the 26
inoculated trees. Some cankers grew only slightly and were
soon contained by callous but others continued to enlarge
during both Stage 1 and Stage 2 (Fig. 2.6). Some which had
spread during Stage 1 appeared to have been contained

during Stage 2 (Fig. 2.7).
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Dying tree infected with (. purpureum

Figure 2.1.
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Figure 2.2. Canker spreading down from infected branch.
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Figure 2.3. Column of discoloured wood extending from
branch wound.
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Figure 2.4. Canker spreading after inoculation.

Figure 2.5. Wound closure in non—inoculated seedling.
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Figure 2.6. Canker continuing to spread during Stage 2.

Figure 2.7. Spread of canker stopped during Stage 2.
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Infection spread through both the wood and the bark. In
three cases, infections which appeared to be contained at
the wound site reemerged at another point on the stem,
forming cankers or girdling small branches (Fig. 2.8). Two
of the three were seedlings which were receiving water
regularly; the third was under water stress. In the other
nine cases, the infection spread through the bark from the
wound site.

One tree died shortly after it was returned to the
greenhouse. The buds began to open but before the leaves
had emerged the fungus girdled the stem and killed the
upper portion of the seedling. Epilcormic buds emerged
below the infection point but they died by the time the
leaves had enlarged to approximately 1 cm long. Another
tree died back above the wound but was successful 1in
sending out long shoots from below the wound. Although
healthy at first, these too began to wilt and die back
(Fig. 2.9).

Dissection of infected trees revealed that the infection
had spread longitudinally within the xylem through the
vessels (Fig. 2.10) and also centripetally, 1nvading xylem
distal to the wound site (Fig. 2.11). Chondrostereum
purpureum was 1scolated from discoloured woocd in the stem

and roots as well as in the dead bark of the cankers.
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Figure 2.8. Canker formation further up stem.
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Figure 2.9. Dieback of an infected seedling.

Figure 2.10. Vessels plugged by mycelium. x 25
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Figure 2.11. Spread of the infection from the wound to the
other side of the stem and the resultant
extensive invasion of xylem. x 13
Foliar symptoms. Leaves on seedlings in an advanced
stage of disease (Fig. 2.12) differed in colour and sheen
from those on healthy seedlings (Fig. 2.13). The leaves of
the diseased seedlings were a darker shade of green but
unevenly pigmented (i.e. lighter—-coloured blotches between
the veins). They were also duller, lacking the sheen of
healthy leaves. 1In addition, while subjected to water

stress, the foliage of healthy trees wilted more readily

than foliage of infected trees (Table 2.3; Appendix I).
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Figure 2.12. Leaf of seedling in advanced stage of
disease.

Figure 2.13. Healthy leaf of a non—-inoculated seedling.
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Table 2.3. Water demands of inoculated and non—inoculated
seedlings subjected to water stress over a
period of 42 days.

Treatment Mean number Mean number of days
Combination of wilts between watering
TC2 inoculated 3.23,., 11.85,

TC4 non—inoculated 4.54 8.75

*
«xSignificant difference {(a < 0.01)

significant difference (a < 0.001)

Height increment. The height increment measurements
(Table 2.4) represent average shoot growth during the first
6 weeks of the first growing season following inoculation.
The seedlings ranged in height from 51.2 to 116.3 cm when
height increment was measured. Analysis of variance
(Appendix II) of the height increments revealed that only
water stress had influenced growth significantly. No
effect of the pathogen or interaction of the pathogen with
water stress was detected at this early stage of the study.
Table 2.4. Growth response of white birch seedlings to

Chondrostereum purpureum inoculation and
water stress.

Average height increment

Treatment combination since 1noculation
TC1 — inoculated + water 30.4%

TC2 — inoculated + stress 15.4a

TC3 — non—inoculated + water 32.6b

TC4 - non—inoculated + stress 18.8

a b

significant difference between values with
different superscript.
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Discussion

Inoculation. In tests of pathogenicity, the method of
inoculation is sometimes questioned. Even a saprophytic
nonpathogen can produce wound expansion 1f a large mass of
mycelium is introduced into the wound (Manion 1981). In
nature, infection with (. purpureum is caused by spores,
not mycelium. Most infections probably result when more
than one spore infects a wound; 1solates 1invariably fruit
in culture, indicating dikaryotic mycelium. The literature
does not contain data regarding the minimum spore load
required to result in infection.

An attempt to inoculate the seedlings with a spore
suspension during the second growing season (prior to
inoculation with mycelium) failed, probably because the
concentration of spores was too high (2.25 X lO6 per ml) .
Stanislawek et al. (1987) also found spore 1noculum
unreliable in tests with (. purpureum. Grosclaude et al.
(1973) concluded that poor infection success was the result
of too many spores 1n the suspension. An inhibitory effect
was apparent when spores were cast in heavy deposits on
malt agar.

The 2 mm inoculum plugs used in this test were adegquate
to infect successfully the small wounds in the seedlings.
They were not so massive, however, as to overpower
initially the defence response. No trees died until the

growing season following inoculation and dissection of the
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wound area revealed that gum barriers had formed around the
wound, initially resisting spread of the infection.

Wound closure and progress of infection. Although none
of the inoculated wounds closed during the experiment, the
progress of callous development in some, even those with
small cankered areas, indicated that closure was not only
possible but likely. However, as evidenced by reemergence
of the cankers at points distant from the wound, callous
formation around the open wound was not an indication that
the fungus had been successfully compartmentalized (Shigo
1984) within the stem.

According to Shigo's (1984) compartmentalization theory,
trees react to injury or infection by producing gum
barriers which isolate the injured or infected tissue from
the rest of the tree. This compartmentalization can be
modelled as composed of four walls: Wall 1, which resists
vertical spread; Wall 2, which resists inward spread; Wall
3, which resists lateral spread; and Wall 4, the strong
"barrier zone'" which is produced by newly formed cells in
the cambium and which resists spread into tissue produced
after the injury or infection.

Dissection of seedlings which exhibited reemergence of
cankers further up the stem revealed that the fungus had
overcome Wall 2, and the infection had spread to the other
side of the stem (Fig. 2.11). This invasion met little

resistance and quickly spread up the stem, probably
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outstripping the seedlings ability to produce a Wall 1
reaction zone adequate to retard the spread of this
aggressive fungus.

The most interesting point is that the fungus penetrated
an apparently well—formed Wall 2 reaction zone and
massively invaded the wood on the other side of the stem
before the tree could react to contain it, especially with
the radial reaction zones (i.e. Wall 3). In addition, the
reemergence of the canker necessitated penetration of the
barrier zone, Wall 4, normally the strongest barrier.
Further, two of the three seedlings in which a canker
reemerged up the stem were of those which had been watered
regularly and had produced above average height increments.
This is evidence that (. purpureum is an aggressive
pathogen capable of causing disease in healthy plants, and
not simply a nonaggressive pathogen that can only attack
plants weakened or predisposed by stress (Schoenewelss
1981) .

Some seedlings that failed to exhibit reemergence of
cankers had infection columns on the other side of the stem
but their lateral spread had been resisted. Genetic
variation among the individual seedlings may play a role in
resistance to the fungus.

Chondrostereum purpureum can live for many years 1n a
tree. Wall (1991) isolated (. purpureum 6 years after

inoculation. In the course of conducting the survey
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reported in Chapter 1, C. purpureum was 1isolated from a
column of discoloured wood associated with an 1ll-year-old
branch stub. Dissection of dying trees sometimes revealed
a succession of barrier =zones, 1indicating alternate
compartmentalization and outbreak, with the fungus
gradually invading more and more of the stem. This may
explain the gradual decline and then sudden death of
infected trees.

Foliar symptoms. Neither leaf silvering nor other foliar
symptoms have been reported in the (. purpureum—infected
birch species studied by Brooks and Storey (1923) and by
Wall (1986, 1991). Silvering was not observed in this
study of white birch, nor in the urban survey reported 1in
Chapter 1, but heavily infected trees did exhibit foliar
symptoms 1n the late stages of the disease. The leaves of
the diseased seedlings were smaller than normal, dark green
and unevenly pigmented as well as duller, lacking the sheen
of healthy leaves. These symptoms were also observed 1in
the mature, diseased street trees.

The causes for these symptoms in white birch remain to be
explored. The absence of silvering, however, does not
imply absence of effect from the i1nfection. Splers et al.
(1987) found that Populus euramericana (Dode) Guinler,
which silvered only slightly and only in the late stages of
the disease, produced leaves 30% smaller than those of

uninfected trees. They also related the severity of foliar
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symptoms to the extent to which the wood had been invaded.
This observation agrees with those of Bennett (1962),
Schlechte (1981), and with observations made in the current
studies of €. purpureum infection of white birch.

Whether the foliar symptoms were the direct result of
toxins released by the fungus is unknown. Disruption of
the water conducting capacity of the xylem due to physical
occlusion of vessels by mycelium can result in water
stress, which in turn can cause stomatal closure, decreased
photosynthesis and respiration, and growth inhibition.
Ultimately, cell death can result from the metabolic
changes induced by water stress (Levitt 1980).

Current knowledge does not permit discrimination between
the changes caused by water stress from those caused by
mycotoxins (Spiers et al. 1987). It 1s noteworthy,
however, that the non—inoculated seedlings subjected to
water stress (TC4) did not exhibit these symptoms, even
though they reached wilting point more often than the
infected seedlings during the duration of the experiment.

Spiers et al. (1987) found that the transpiration rate of
infected trees was lower than that of healthy trees; that
is, the stomata of infected trees tended to remain closed
either because of water stress or the action of mycotoxins.
Brooks and Storey (1923) found the opposite; silvered
foliage wilted more readily than healthy foliage. The

findings of the current study (i.e. that the foliage of
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infected trees wilted less readily than healthy foliage)
are opposite to those of Brooks and Storey (1923) and are
in agreement with those of Spiers et al. (1987).
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