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SUMMARY

A total of about 850 PCP-treated southern pine poles from four 
supplier/year combinations were inspected by a contractor. Their core 
samples were cultured to isolate wood—rotting basidiomycetes and thin 
sections were examined under the microscope. The incidence of decay based 
on inspections and basidiomycete isolates,excluding S. brInkmanll,was 4% 
for TDL-85s, 3% for TDL-86s and 1% for TD4-85s. Microscopic examination 
revealed comparatively little damage in the groundline region. This was 
consistent with the lower frequency of isolation of basidiomycetes at the 
groundline compared to the Bell attachment position. It was also 
consistent with the distribution of decay and extensive end-grain 
penetration of preservative found in the intensive examination of selected 
poles. Conclusive evidence for pretreatment infection as the origin of 
the decay problem came from the pattern of decay found in the intensive 
examination. This origin would also explain the distribution of fungi in 
the poles in service and the failure of some poles, due to decay, within 
five years of installation. At least 3% TDL-85s could continue to lose 
strength unless there is sufficient preservative retention and penetration 
to prevent this.



TABLE OF CONTENTS

PAGE #

SUMMARY i

LIST OF TABLES / LIST OF FIGURES

1.0 OBJECTIVE 1

2.0 INTRODUCTION 1

3.0 STAFF 2

4.0 PHASE 1 3

4.1 MATERIALS AND METHODS 3

4.2 RESULTS 3

4.3 DISCUSSION 5

5.0 PHASE 2 6

5.1 MATERIALS AND METHODS 6
5.1.1 Inspection of Poles in Service 6
5.1.2 Mycological Examination of Cores 7
5.1.3 Microscopic Examination of Cores 8

5.2 RESULTS 11
5.2.1 Inspection of Poles in Service 11
5.2.2 Mycological Examination of Cores 11
5.2.3 Microscopic Examination of Cores 13

5.3 DISCUSSION 13

6.0 PHASE 3 17

6.1 MATERIALS AND METHODS 17

6.2 RESULTS 18

6.3 DISCUSSION 18

7.0 GENERAL DISCUSSION 23

8.0 CONCLUSIONS 26

9.0 REFERENCES 27

ii



LIST OF TABLES

Table 1 Fungi Cultured From Poles From Whitney Area Identified in 
Henry (1990)

Table 2 Physiological Response of Sistotrema brinkmanii To Oxidase 
Reactions on Gallic Acid Agar (GAA)

Table 3 Location And Type of Biodeterioration In Cores Having a 
Ranking Equal To Or Greater Than 2

Table 4 Incidence Of Decay (% of Poles) Observed With Physical 
Inspection (Hammer and Pick Test) Microscopic Examination and 
Microbiological Assay

LIST OF FIGURES

Figure 1 Frequency of viable basidiomycete isolates (% poles) from in- 
service utility poles including and excluding isolates of 
Sistotrema brinkmanii.

Figure 2a Distribution of viable basidiomycete isolates in infected 
poles from cores taken above and below ground.

Figure 2b Distribution of viable basidiomycete isolates excluding S. 
brinkmanii in infected poles from cores taken above and below 
ground.

Figure 3 Microscopic observations of fungi in 843 examined poles.

Figure 4 Distribution of sapstain in 196 infected poles.

Figure 5 Distribution of unclassified fungi in 57 infected poles.

iii



1.0 OBJECTIVE

To determine the incidence of decay in the specified population of poles, 
whether it started before or after treatment and whether the causal agent 
is still active.

2.0 INTRODUCTION

A number of instances of premature failure of southern pine poles treated 
with pentachlorophenol in P9 oil (PCP), supplied by TDL in 1985, prompted 
Bell Canada to initiate an investigation by Les Poteaux de Bois de la 
Riviere La Lievre Inc (PBRL) and the Faculty of Forestry of the University 
of Toronto (U of T). The report resulting from this work was somewhat 
inconclusive but did show an unusual level of infection by basidiomycete 
fungi at positions 1.25m (4 foot) above groundline (Henry 1990). As a 
result of these findings Forintek, was requested to assist in a more 
intensive investigation of the potential problems in this type of pole.
The investigation was to cover two years supply of poles: 1985 and 1986, 
and two suppliers, Philadelphia treated products (TDL) and Crown 
Zellerbach (TD4), the latter for comparison purposes. Although there had 
been reports of 1985 poles failing due to decay within 5 years, at the 
start of this project it was still uncertain whether the majority of the 
instances of premature failure were due to decay.

Forintek was requested to determine:

1. What is the incidence of decay in the population of poles for each 
of four supplier/year combinations?

2. Did the decay originate before or after treatment?

3. Is the situation static or will it get worse?

The results of this work would then be correlated, by Bell Canada, with 
the results of bending tests and preservative analysis to be conducted by 
Bell Canada laboratories.

The project was investigated in three phases: The first phase was intended 
to provide the information necessary to develop the inspection procedures 
to be used in the field survey. The second phase was the field survey of 
the selected pole populations and the third phase was an intensive 
examination of decayed poles to confirm the pattern of decay.
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4.0 PHASE I

DEVELOPMENT OF INSPECTION PROTOCOL

4.1 MATERIALS AND METHODS

In order to familiarise Forintek staff with the pole population in 
question and to develop an inspection protocol, a visit was made to Bell 
Canada's research station at Varennes, Quebec from the 20th to the 23rd 
August 1991. The intention was to examine 20 poles for evidence of decay, 
to map the decay pockets and to take samples for preliminary tests of 
alternative isolation media. This approach was somewhat modified on 
arrival at Varennes due to the apparently good condition, with respect to 
decay, of all the poles present.

Twenty-two broken poles were sounded with a hammer to detect advanced 
decay. The break areas on all these poles were examined for signs of 
intermediate or advanced decay. Eight poles ready for breaking and 
sixteen poles classed as substandard by Ontario Hydro's wood pole decay 
detector ('S' poles) were also sounded. Moisture content readings were 
taken on two honey coloured, two bleached looking and one grey 'S' poles 
using an electrical resistance type moisture meter.

Cross sections were cut from the two honey coloured and one grey 'S' pole 
and, three of the broken poles which showed signs of brash fracture.

Thin sections were cut by hand with a razor blade from two of the poles 
with brash fracture and were examined under a microscope (provided at 
short notice by Bell Canada) using polarised light. Similar sections were 
taken from three more poles:the one grey 'S' pole, a pole which had broken 
in service at Lachute with no obvious signs of decay and the top end of a 
pole which had failed in service in the Alexandria area due to brown-rot.

In addition to the above work at Varennes, four TDL-85 poles in service in 
the Lachute area were also inspected.

4.2 RESULTS

Sounding of 22 broken poles:-
No indication of advanced decay (early or intermediate decay not 
detectable with this method)
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Examination of pole break areas
There were no signs of intermediate or advanced decay. Many of the 
poles showed brash fracture (a carrot like snap across the grain 
without splintering) and/or longitudinal splits around an arc of the 
pole. J.N.R. Ruddick obtained an opinion from the U.S. Forest 
Products Laboratory that some brash fracture in early wood (spring 
wood, lighter coloured parts of annual ring) is normal in southern 
pine but that the longitudinal, splits are abnormal. The latter 
could be due to ring shake, circular or arc like splits, caused by 
storm damage to the standing tree or unusual or abrupt load given to 
the pole.

Sounding of 8 poles ready for breaking 
No indication of advanced decay.

Sounding of 16 'S' poles
No indication of advanced decay.

Moisture content readings on 'S' poles
Two 'oily' looking poles had moisture content readings of 40 to 60% 
along their full length. This is extremely unusual for standing 
poles unless they had been stored in extremely damp conditions since 
they had been taken out of service.
Two bleached looking and one grey pole had more normal moisture 
contents of 13-15% above ground.

Cross sections cut from the above 'oily' 'wet' 'S' poles
No visible signs of intermediate or advanced decay, (early decay is 
not detectable visually)

Cross sections cut from the grey 'S' pole:-
Heavy bluestain caused by fungi which colonise poles during air 
seasoning but do not cause significant strength loss. No 
intermediate or advanced decay.

Cross sections cut from three broken poles
No signs of intermediate or advanced decay.

Thin sections from two broken poles
Very few fungal hyphae were located in one pole. Some localised 
"mottling" of cell wall, warrants further examination to determine 
whether it represents early stages of decay. Droplets of oil 
(carrier for PCP) were numerous.
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Thin sections from grey pole:-
Numerous staining fungi and possibly a few basidiomycete hyphae were 
seen. (99% of basidiomycetes found in wood cause strength loss),
Some indications of cell wall damage. Droplets of oil (carrier for 
PCP) were numerous.

Thin sections from the Lachute poles-
No obvious signs of intermediate or advanced decay but an unusual 
brash fracture. Under the microscope localised unusual cell wall 
mottling was found particularly in the late-wood (summer wood, 
darker parts of annual ring). This warrants further investigation 
to determine whether it is a common phenomenon and whether it 
represents early stages of decay.

Thin sections from the Alexandria pole:-,
Basidiomycete hyphae were extremely numerous. There was 
considerable loss of birefringence (loss of crystalline nature of 
cellulose indicating loss of strength) and bore holes in cell walls.

Inspection of four TDL-85 poles in service:-,
There was limited surface delamination on two poles one of which had 
ring shakes detectable in the core sample - the inspection protocol 
will be modified to record ring shakes. No intermediate or advanced 
decay was detected. A decrease in resistance to boring in the 
centre of some poles was shown to be associated with juvenile wood - 
(wide growth rings) rather than decay.

4.3 DISCUSSION

Despite the lack of decayed poles for examination, a draft inspection 
protocol was developed based on the available anecdotal information, the 
data from the previous study (Henry 1990) and general experience of pre- 
and post-treatment decay. This protocol, Appendix la, included the 
proposed locations for core sampling. Particular emphasis was placed on 
the need for one sample position towards the top of the pole below the 
attachments. A data record sheet, Appendix lb, was also developed, 
including all data on each pole relevant to Bell Canada and to Forintek.

Training of pole inspectors was demonstrated including: determining 
current level of knowledge, theory of how poles decay (pretreatment and 
post treatment infection). Pole inspection: visual, sounding, boring, 
decay depth gauge, sterile technique for handling core samples, location 
of sample positions, questions, practise inspections and clarification of
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the above points.

Turning to the existing evidence for decay in this type of pole, detection 
of live basidiomycete in 10% of 5 year old poles, 4 feet above groundline 
(Henry 1990) is certainly abnormal. Furthermore, the discovery of 26, 
poles, 0.1% of the population of TDL-85 poles, which failed within 6 years 
of installation (Succi 1991) is also extremely unusual. Although these 
two findings indicated the presence of decay problems in this population 
of poles, there was no indication of advanced decay in the 50 poles 
examined during the visit to Varennes

There were a number of recorded phenomena associated with these poles e.g. 
colour, shelling, fracture type, surface erosion, low internal density, 
which may be linked to the cause of premature failure but may also be 
normal for southern pine PCP treated poles. These phenomena may not have 
been noted before because 5 year old PCP treated southern pine poles have 
not been so intensely examined before.

The work done in these three days provided insufficient evidence to 
determine the cause of the problem of premature failure in the poles in 
question but it did assist in refining the planning and protocols for the 
full scale study. This three day period was also very useful as a team 
building exercise for the project, facilitating future communication 
between the contributing research groups.

5.0 PHASE 2

5.1 MATERIALS AND METHODS

5.1.1 Inspection of Poles in Service

Poles included in the study were selected from the two suppliers - 
Philadelphia Treated Products (TDL) and Crown Zellerbach (TD4) from the 
years 1985 and 1986. The sampled poles were distributed throughout areas 
in Whitney, Drummondville, The Laurentians, Quebec and Calabogie Hills, 
Ontario. Pole inspections were carried out by Quaile Engineering Ltd (New 
Market, Ontario) following the protocol outlined in Appendix 1A. Relevant 
information was recorded on the pole checklist form (Appendix IB). The 
presence and extent of decay in each pole was evaluated visually and noted 
along with pole colour (honey or grey), location and depth of major 
checks, shelling, woodpecker holes and mechanical damage. Poles were
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sounded with a hammer around the complete circumference, 20cm below and 2m 
above ground, to detect internal decay. Borings were collected from the 
following 5 locations:

1. 10 cm below groundline adjacent to the base of the largest check (if 
no large checks - at suspect location).

2. 10 cm below groundline at suspect location (if no suspect location 
or if sample #1 was at suspect location then at 180° to sample #1).

3. 10 cm below groundline between cores 1 and 2. (Plate lc)

4. 1.2 m above ground adjacent to the major check (if no large checks 
then at suspect location). (Plate la)

5. 30 cm vertically below bolt hole for Bell attachment. (Plate lb)

A depth gauge was inserted into each bore hole to estimate the extent of 
decay before the hole was filled with a preservative treated dowel. Cores 
were collected using sterile technique and forwarded to the laboratory in 
clean end-stapled straws via courier. (Plate Id), Borings not shipped 
immediately were kept refrigerated.

In addition to the above, ten poles identified in Henry (1990) as being 
infected with decay fungi were re-examined and sampled. Where possible, 3 
cores were removed per pole; 'A' was near to the original boring at 4 
foot, 'B' was near to a major check and 'C was at 45° to groundline.

5.1.2 Mvcoloaical Examination of Cores

One core from the three taken below groundline (#1) and the core taken at 
30 cm below the bolt hole attachment (#5) were plated on 1.5% malt agar 
(MA) solidified with 1.5% agar. Benomyl (50% active ingredient) (4 mg/L'1) 
was added to the autoclaved medium to selectively isolate basidiomycetes 
and the antibiotics tetracycline hydrochloride 50 pg ml'1 and streptomycin 
sulphate 100 pg ml'1 were added aseptically to inhibit the growth of 
bacteria.

Each core was flamed to sterilize the surface and cut into 4 equal lengths 
(A,B,C and D) which were set gently into the agar surface,(2 lengths per 
Petri dish Plate 2a,b). Petri plates were incubated at 27°C and 75% RH in 
darkness. Observations were made after 3, 7, and 21 days for the 
regeneration of microorganisms. All plates were re-examined at the end of 
the experiment to check for any slow growing fungi. Hyphae that
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regenerated on the core or the adjacent agar surface were observed 
microscopically for the presence of clamp connections, lateral bulges at 
the hyphal septa that characterize a fungus as a basidiomycete (Plate 4d). 
Attempts were made to isolate all basidiomycetes into pure culture.

Pure cultures were grown for 1-2 weeks at 27°C on MA, depending on the 
growth rate, before observation of mycelial mat characteristics (colour, 
texture, growth rate, margin, height), hyphae, specialized structures and 
spores. (Appendix 2b)

Cultures were tested for response to oxidase reactions to attempt to 
separate into brown- or white-rot fungi. These tests were carried out on 
gallic acid (GAA) and tannic acid (TAA) media following Davidson et al, 
(1938). A brown diffusion zone in the agar is a positive test and 
indicates the presence of laccase, an enzyme responsible for the 
decomposition of lignin (Plate 2c,d). Enzyme spot tests for peroxidase 
(1:1 v/v 0.4% H202 and 1% pyrogallol) and laccase (0.1 Ma-naphthol and 0.1M 
guaiacol each in 96% Ethanol) (Stalpers 1978) were also carried out, on 
actively growing marginal hyphae. Undetermined cultures were grown and 
compared with identified cultures from the Forintek Culture Collection of 
Wood-Inhabiting Fungi.

5.1.3 Microscopic Examination of Cores

The below-ground core #3 was used for microscopic examinations. Cores 
were divided into three sections; outer, middle and inner portion and 
free-hand radial sections were cut from each section of the core to 
estimate cell wall damage. Sections averaging 5mm x 5mm were mounted in 
glycerin, scanned at 300X and 750X using transmitted light microscopy. 
Phase contrast and polarized light microscopy were used when necessary to 
increase resolution. Routine observations included the following 
characteristic features:

1. Damage to the ray parenchyma cells
a. enlargement of pit apertures or damage to the pit membranes.
b. removal of the end-walls,
c. bore holes, notches, grooves or mottling of the cell walls
d. presence of hyphae in ray cells;

2. Damage to inter-tracheid bordered pits
a. pit membrane damage in a manner typical of bacteria, c.f. 

Greaves and Foster, (1970),
b. bacteria present in pit cavity(s),
c. holes in the membrane,
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d.
e.

membrane removed,
membrane and borders removed;

3. Damage to longitudinal tracheid walls,
a. bore holes
b. hyphae present in tracheid lumens,
c. erosion troughs, v-shaped notches, mottling of the cell walls, 

etc.,
d. loss of birefringence,
e. typical soft-rot cavities;

Evidence of biodeterioration was ranked from 0 to 4 according to the
scheme presented below:

Ranking of Biodeterioration Microscopic Observations

0 Sound, no evidence of 
biodeterioration.

1 Evidence of microbial damage, 
typically rays and/or bordered pits 
lightly attacked but tracheid walls 
sound.

2 Moderate number of decay features, 
rays and/or bordered pits attacked and 
evidence of deterioration in tracheid 
walls, may include bore holes, erosion 
troughs, soft-rot cavities or some 
loss of birefringence.

3 Large number of decay features, rays 
very deteriorated, tracheids exhibit 
large areas of erosion, many soft-rot 
cavities, or loss of birefringence, 
many bordered pits damaged.

4 Rays and tracheids very highly 
deteriorated almost complete loss of 
birefringence.

The type of microbiological activity implicated was classified as either 
sapstain, white-rot, brown-rot, soft-rot, or bacterial as defined below:
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Sap Stain

White-rot

Brown-rot

Soft-rot

Bacterial

Dark-walled hyphae often present, much more prevalent in the 
ray cells but when found in tracheids always passing from cell 
to cell through bordered pits or in extreme cases through 
narrow penetration hyphae bore holes. (Plate 3a), No clamp 
connections present.

Hyphae if present may have clamp connections (not always 
visible) and bore holes (Plate 3e) are typically the same 
diameter as the hyphae. Erosion of the tracheid walls (Plate 
3f) sometimes evident, loss of birefringence may be rare even 
when rays and longitudinal tracheids have been heavily 
attached.

Hyphae, if present, may have clamp connections (not always 
visible) and bore holes are typically the same diameter as the 
hyphae or larger. The cell walls often appear intact but 
birefringence if present often weak, spotty or in severe cases 
not present. Tracheid walls may appear glass-like or may be 
completely destroyed (Plate 3b). Pits may be completely 
destroyed or the pit apertures may be enlarged. Cracks are 
frequently seen in tracheids or through ray cells.

Chains of conical—ended cavities (soft-rot cavities) are 
sometimes present but in others deterioration (Plate 3a,b) 
consists of erosion troughs. Where cavities are present, they 
are spirally oriented within the cell wall following the 
microfibril angle. Penetration hyphae and T branching may be 
seen.

Damage frequently restricted to bordered pits and or ray 
parenchyma. V-shaped notches in the tracheid walls typical 
and loss of birefringence in small to large segments of the 
tracheid walls sometimes evident. Attack is sometimes very 
similar to attack by brown-rot but no bore holes are present, 
damage to rays is light and damage to pits is often restricted 
to enlargement of apertures particularly in ray cross-field 
pits. Extensive networks of tunnels may be present in the S2 
layer.
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5.2 RESULTS

5.2.1. Inspection of poles in service

A total of 532 poles were sampled from regions in Ontario and 310 came 
from regions in Quebec. From information available on checklist 775 
samples poles were described as honey, 49 as grey and 13 as honey/grey. 
Percentages are based on the following counts of poles in each of the four 
categories of poles examined: 265 TDL-85, 271 TDL-86, 222 TD4-85 and 80 
TD4-86. The hammering and boring process yielded the following incidence 
of internal decay: 4% for TDL-85, 3% for TDL-86, < 1% for TD4-85 and 4% 
for TD4-86 (Table 4). Due to the limitations of these techniques this is 
likely to be a slight underestimate. Similar figures were obtained for 
external decay via the pick test: 3% for TDL-85, 5% for TDL086, < 1 for 
TD4-85 and 3% for TD4-86. These pick test results should however be 
treated with some caution since they could relate to pretreatment 
basidiomycete decay or post-treatment soft rot.

5.2.2 Mvcoloaical Examination of Cores

Of the poles from the Whitney area, from which viable fungi had previously 
been isolated (Henry 1990) basidiomycete cultures were isolated from 8 of 
these poles. Pole #4 appeared to be a new pole. It was situated directly 
beside a pole stump that was cut at two feet above groundline. A large 
sporocarp of a wood destroying fungus was found on the cut surface of the 
stump. (Plate le), It is likely that this stump was the pole #4 described 
by Henry (1990). Viable fungi were present in 4 foot borings in all of 
the eight poles and at both 4 foot and ground line borings in two of them. 
Five isolates were identified as Sistotrema brinkmanii, 4 as Antrodia spp. 
and 1 as Schizophyllum commune (Table 1).

A total of 841 core #1 and 851 core #5 were plated during the study.
Viable basidiomycete hyphae were isolated from 84 poles (10% of total 
sampled). Fungi were isolated only from core #5 in 46 poles (55% of 
infected poles), from core #1 only in 24 poles (29%) and from both cores 
in 14 poles (17%).

Considering the percentage of poles sampled, viable basidiomycetes were 
cultured from 16% of TDL-85 poles, 10% of TDL-86 poles, 5% of TD4-85 poles 
and 3% of TD4-86. Excluding S. brinkmanii (see section 5.3 Discussion) 
these percentages were 3% of TDL-85s, 3% of TDL-86s, 1% of TD4-85S and 0% 
of TD4-86s (Figure 1). This calculation was based on a total of 838 poles
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sampled rather than 851. 13 checklists had errors or missing data
recorded for year and type.

From data recorded on checklists, 3 of these 84 infected poles (4%) showed 
evidence of external decay using the pick test while sounding with a 
hammer indicated the presence of internal decay in 9 poles (11%). In 
terms of coloration 60 poles were honey coloured, 18 were grey and 4 were 
classified as honey/grey. Fifty-seven of these infected poles (70%) were 
from the poles removed from service and transported to Varennes for 
strength tests. Thirty-nine of these poles (68%) came from Whitney, 15 
(26%) from Drummondville, and 3 (5%) from Belleville.

With regard to the position from which the basidiomycetes were isolated, 
the majority of S. Brinkmanii isolations came from the above-ground sample 
while other basidiomycetes were more evenly distributed above and below 
ground (Figures 2a,b).

In over 50% of the infected cores only 1 fungus was isolated. However, in 
occasional cases up to 4 different fungi were isolated from the same core. 
Fungi were most commonly isolated from the inner third portion (Section C) 
of the core (40%) while sections B and D yielded fungus cultures at equal 
frequencies (25%). Fungi were isolated from the outermost section (A) in 
14% of the infected cores.

A total of 129 isolates of basidiomycetes were cultured. 96 were 
identified as Sistotrema brinkmanii aggr. (Bres.) J. Erikss and 15 others 
resembled S. brinkmanii but had not matured enough to develop diagnostic 
features. If these 15 additional isolates were included, then 86% of the 
isolated cultures belong to this species aggregate. The 18 other 
basidiomycetes have not yet been identified. Sistotrema brinkmanii was 
isolated from 72 poles (86% of those infected). Fourteen other poles 
(17%) had a fungus resembling S. brinkmanii. Six poles (7%) had S. 
brinkmanii plus other basidiomycetes while 12 poles (15%) had only other 
basidiomycetes.

All isolates except 1, responded negatively to the Tannic Acid tests. 
Response to the GAA test was variable ranging from no growth to moderately 
strong. This variation was even observed among isolates of S. brinkmanii 
(Table 2). There appeared to be two basic types of mycelial mats 
associated with S. brinkmanii. One was sodden, appressed distinctly 
zonate with a distinct margin, while the other form was floccose with 
scattered tufts of aerial mycelium, azonate and with an indistinct margin 
(Plate 2e,f).
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5.2.3. Microscopic Examination of Cores

A total of 843 cores (core #3) were examined microscopically. Fungal 
hyphae were observed in 241 or 29% of the cores (Figure 3). Sapstain was 
present in 196 or 24% of the cores. One hundred and four observations of 
sapstain were made in the outer portion of cores, 118 in the middle 
portion and 21 in the inner portion (Figure 4).

Soft rot was observed in 3 poles and white-rot in only one. Both were 
confined to outer core sections. No examples of brown rot or bacterial 
decay were observed. In 57 cores, the fungal hyphae observed could not be 
classified as basidiomycetes, soft-rot or sapstain and were thus 
designated as unclassified hyphae. In most cases these hyphae were of 
smaller diameter than hyphae from sapstain fungi but no clamp connections 
were present. Again most observations of unclassified hyphae were from 
the outer portion of cores (37), with 18 occurrences in the middle portion 
and 12 in the inner portion (Figure 5). The various types of fungi did 
not occur uniquely but often sapstain hyphae and unclassified hyphae 
occurred together in the same pole and sometimes in the same region of the 
core.

Seven poles (<1%) had a biodeterioration ranking, of 2 or greater (Table 
3). In 6 of these poles biodeterioration features were observed in the 
outer most section of the core. In this outermost section, 3 cases were 
classified as soft-rot, 1 as white-rot and two as unclassified. One 
observation of moderate decay only in the middle portion was also 
unclassified. From the microbiological work, viable cultures of 
basidiomycetes were isolated from 5 of the 7 poles having a 
biodeterioration ranking greater than or equal to 2 (Table 3). (The three 
cases of soft-rot would not, however, have been caused by the 
basidiomycetes isolated.) Microscopic examination identified 20 poles 
where biodeterioration was ranked less than 2 but unclassified hyphae were 
observed. From all of these poles the microbiological study isolated 
viable basidiomycetes. No cultures were isolated from the other 30 poles 
where unclassified hyphae were observed.

5.3 DISCUSSION

The best available estimate of the incidence of internal decay in these 
poles was, 4% of TDL-85S, 3% of TDL-86s, <1% of TD4-85S and 4% of TD4-86s. 
This estimate comes from the physical inspection of poles in service and 
is in very good agreement with the mycological data excluding S. 
brinkmanii (see below) except for TD4-86. This one discrepancy is not
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readily explicable. Data from the microscopic sampling grossly 
underestimated the incidence of decay due to the position from which the 
core for microscopic examination was removed. The physical inspection 
data is also likely to be a slight underestimate of the percentage of 
decayed poles due to the limitations of the techniques used.
Nevertheless, the incidence of advanced decay detectable by the physical 
inspection is considerably higher than that reported by Henry (1990) who 
found only 0.34% of the population sampled to have advanced decay.

With the intent of pinning down the decay problem to a particular group of 
poles the data was broken down by pole colour and location (Table 4).
Both the physical and mycological methods showed that a much greater 
proportion of grey or honey/grey poles had internal or external decay 
compared to the honey coloured poles. Even the microscopic examination 
showed a difference for external decay. This supports the preliminary 
indications of some relationship found by Henry (1990). A possible 
explanation for this apparent relationship between colour and decay is 
proposed in the discussion to phase 3. In contrast there was no apparent 
difference in the prevalence of decay between the Ontario and Quebec pole 
populations. There was however some indication of greater proportions of 
poles with internal decay in Ontario and external decay in Quebec.

The successful repeat isolation of viable basidiomycete cultures from the 
infected poles identified in Henry (1990) demonstrated that the 
mycological methods used in the present study were effective. The three 
genera of fungi isolated are typical of those found in POP treated 
southern pine poles (Eslyn 1970, Zabel et al. 1985). Sexton et al. (in 
press) has found species of these genera common in increment cores removed 
from air seasoning Douglas fir poles. Antrodia spp. are associated with 
negative oxidase reactions, relatively rapid growth rates and the presence 
of fiber hyphae and chlamydospores. This large cosmopolitan genus with 
many species is associated with brown cubical rot mostly in coniferous 
wood. Schizophyllum commune is also frequently encountered in air 
seasoning poles, often fruiting in culture and is associated with slow 
white-rot (Nobles 1955). It reacts positively on TAA but not on GAA and 
has distinctive short hyphal branches with conspicuous wart-like 
projections (Plate 4e).

S. brlnkmanii is an aggregate of species that have not been clearly 
delimited taxonomically. It is easily distinguished by the abundant 
production of bulbils (clumps or chains of cells often linked by clamp 
connections) and by the presence of small oil droplets on the hyphal 
protoplasm (Plate 4 ). It is very frequent in both deciduous and 
coniferous forests. In a study of in-service utility poles in the eastern
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United States, Zabel et al.(1985) found Sistotrema species, to be among 
the major fungi isolated from southern pine poles. They were found more 
frequently in 37-52 year old poles than in those under 18 years of age and 
appeared to be associated with checks or defects on the pole surface.

Whether this fungus causes brown-rot (Wang and Zabel 1990), white-rot 
(Ginns 1986, Gilbertson and Ryvarden 1986) or is saprophytic on decayed 
wood, soil or other sporocarps (Eriksson et al. 1984) is not clear from 
the literature. Although this fungus is listed as a wood-rotting fungus 
by some textbooks this has often been concluded simply because it is a 
basidiomycete and it has been found in rotted wood. Strictly these 
findings alone are insufficient to prove decay capability. Indeed they 
have resulted in this fungus being listed by some as a white-rot fungus 
and by others as a brown-rot fungus presumably because it has been found 
in white-rotted and brown-rotted wood. Most documented attempts to test 
the decay capability of this fungus have failed to show any weight loss in 
laboratory tests under a variety of conditions (Carey 1992, Morris 1983, 
Ruddick, Ralph, Smith and Shields 1983). The only evidence of very 
limited weight loss comes from one study (Kaarik and Rennerfelt 1957) 
using a soil burial test and an extended exposure time. This suggests 
that S. Brinkmanni may be a very slow white-rot fungus. Morrell et al 
(1987) isolated S. brinkmanii from 19% of air seasoning Douglas-fir poles 
after 7 - 1 2  months exposure rising to a maximum frequency of 21% after 2 
years exposure. It was classified as a moderate decayer on the basis of 
text book descriptions (Morrell 1992). In a non-standard strength loss 
test S . brinkmanii showed minimal effect on bending radius or impact 
bending strength (Morrell et al 1987) but the test method was not suited 
to white-rot fungi (Morrell 1992). Carey (1980) showed that S. brinkmanii 
can be a primary coloniser of wood and stated (Carey and Bravery 1983) 
that it is a non-wood-rotting basidiomycete. Morris (1984) later showed, 
that it can also be a secondary coloniser of decayed wood comparable to 
the secondary moulds as defined by Clubbe (1980).

The high incidence of S. brinkmanii in these poles, 14% of TDL-85s, may be 
due to secondary colonization of wood decayed by other basidiomycetes but 
it could equally well be related to a tolerance of wood preservatives and 
of heat treatment. Carey (1992) has found a higher incidence of S. 
brinkmanii in sound preservative-treated joinery than in untreated 
joinery. Byrne (1991) found this fungus to be more prevalent on heat- 
treated lumber than on untreated lumber. The presence of S. brinkmanii 
does not, therefore, necessarily cause or result from the presence of 
decay. The worst case scenario on the basis of present information is 
that S . brinkmanii may be a very slow white-rot fungus. If so, it is 
still not the major cause of the preservative failure due to brown-rot
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noted to date. Nevertheless, the much higher incidence of S. brlnkmanii 
in the TDL-85S compared to the other three groups indicates some 
difference in the handling or treatment of this group of poles possibly 
related to inadequate sterilization prior to or during treatment.

That we have distinguished two morphological forms of Sistotrema isolates 
and that response to the oxidase tests were variable suggests that we have 
more than one species. Varying enzyme response indicated physiological 
differences among isolates and may also be related to different decay 
potentials. A sample of these isolates should be tested for ability to 
cause white and brown-rot.

The microscopic examination of thin sections from cores revealed a very 
low incidence of 'moderate decay’ (rating level 2) or worse, < 1% of all 
the poles examined. That this figure was lower than the incidence of 
basidiomycetes can be ascribed to three factors, first the location of the 
core sample for microscopy, second the numbers of positions sampled using 
the two methods and third the amount of wood used from the core for each 
method. With regard to the first factor, the microscope sample was taken 
from below groundline, a region commonly found to be well treated via end- 
grain penetration (Phase 3). Decay would not have been able to proceed 
rapidly, if at all, in this region after treatment. Most of the advanced 
decay was found towards the middle of the length of the pole. Furthermore 
the majority of the isolates of basidiomycetes were obtained from a 
position between the middle and the top of the pole, core #5. The second 
and third factors, mentioned above, concern the low probability of 
locating decayed wood in three thin sections compared to the higher 
probability of finding a viable fungus in two whole cores.

The type of decay found under the microscope in three of the seven poles 
with moderate decay was not caused by wood-rotting basidiomycetes but by a 
group of unrelated fungi, the soft-rot fungi. It was also on the surface 
of the pole rather than in the mid to inner sapwood where most of the 
pretreatment infection was found in phase 3. This soft-rot should be 
considered as a separate issue from internal decay by wood-rotting 
basidiomycetes. Since it was only found on three poles, it is possible 
that this was an unusual occurrence related to localised soil conditions. 
This phenomenon is discussed further in phase 3.

The presence of sapstain fungi in 60% of these poles is not unexpected in 
material which has been air dried for even a few months (Panek 1963). The 
sapstain fungi were predominantly located in the mid sapwood and very 
scarcely in the inner part of the core. This may be related to 
colonisation by these fungi inwards from the surface followed by drying
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out of the wood inwards from the surface. In most cases they may have 
only managed to penetrate to the mid sapwood before the pole dried out. 
Another factor influencing this distribution could have been the presence 
of heartwood in some poles in the inner part of the core. Some species 
and provenances of southern pine do have a sizeable heartwood and 
heartwood is not readily colonised by sapstain fungi.

The location of unclassified hyphae predominantly in the outer parts of 
the core is probably related to the tendency of some moulds, to penetrate 
wood to only a limited depth. The moulds are non-wood-rotting fungi 
without coloured hyphae and would not, therefore be classified as sapstain 
or decay.

In conclusion the decay problem does not appear to be confined to TDL-85 
poles nor to the Ontario region. However, poles with some grey 
colouration do appear to have a higher probability of having internal 
decay than honey coloured poles. The one result which does not appear to 
fit into the pattern is the high incidence of internal decay found by 
physical inspection in TD4-86 poles. These findings should be re
evaluated before conclusions are drawn on this set of poles.

6.0 PHASE 3

EXAMINATION OF DECAY PATTERNS IN SELECTED POLES

6.1 MATERIALS AND METHODS

A total of twenty-five poles were intensively examined: 13 from Whitney, 
Ontario and 12 from Drummondville Quebec. Ten of the Whitney poles had 
been removed from service because they had been found to contain live 
basidiomycetes in a previous study (Henry 1990). This had subsequently 
been confirmed for 8 from the remaining 9 of these poles during the course 
of this study (Phase 2). Six of the Drummondville poles had been removed 
from service due to breakage or obvious signs of advanced decay. The 
remaining three Whitney poles, and 6 Drummondville poles were selected 
because they had been found to contain active basidiomycetes during the 
course of this study.

The supplier and date were recorded for each pole together with any 
distinctive characteristics such as colour or surface decay. Any unusual 
features of the poles, such as fungus fruit-bodies were photographed. 
Samples of all fungus fruit-bodies were collected in labelled bags. Each

17



pole was then marked at 1 m intervals from the groundline to the top and 
to 2 m below ground. A vertical line was drawn at each position in line 
with the brand to provide orientation of all the discs to be cut from the 
pole. Discs 100 mm thick were cut at each of the marked positions and 
numbered as to distance from groundline. The collected discs for each 
pole were laid out and photographed as a permanent record; then the extent 
of decay was recorded for each disc. The areas of intermediate and 
advanced decay were marked on prepared record sheets. Intermediate decay 
was characterised by light brown discolouration and a slightly rougher 
area on the cut surface. Advanced decay was characterised by a distinct 
softening or shrinkage of the wood commonly accompanied by a dark brown 
discolouration. In addition any other features of the distribution of 
decay, sapstain or preservative distribution were also noted. Additional 
photographs were taken of representative features of the surfaces of the 
discs. Representative discs were taken back to Forintek's Ottawa 
Laboratory.

6.2 RESULTS

The extent of decay in the poles examined ranged from none through small 
patches of intermediate decay to complete destruction of almost the full 
cross section accompanied by failure in service. (Plate 5a)

Thirteen of the twenty-five poles examined had intermediate or advanced 
stages of decay and all of these poles were grey in colour. The remaining 
twelve poles had early stages of decay or no visually detectable decay 
and, of these, nine were honey coloured and three were grey. Twenty of 
the twenty-five poles, including all 13 decayed poles, were from TDL three 
were from TD4 and two were of unknown origin.

Having given these numbers it should be stressed that no conclusions 
should be drawn from them. Since the poles examined were specifically 
selected by two different means, fungal isolation and observation of 
advanced decay from three separate sets of poles received at Varennes.
They are not a representative sample of any one part of the pole 
population. The results of this work consisted of patterns of decay 
rather than numerical evaluations they are therefore described in the 
discussion section.

6.3 DISCUSSION

The characteristics of the decayed poles which have been intensively
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examined were entirely consistent with pretreatment infection by wood- 
rotting fungi which survived the treatment process and proceeded to decay 
the untreated wood when the poles were put into service. We will discuss 
the evidence for pretreatment infection before considering the proposition 
that the majority of decay, and therefore strength loss occurred in 
service. We will then turn to another characteristic of part of the 
population of poles in question, their premature grey coloration, and 
provide a possible indirect link to pretreatment infection and decay. 
Finally we will discuss the quite separate phenomenon of surface decay 
below groundline.

The hypothesis that pretreatment infection was the root cause of the decay 
was based on the location of decay within the poles, the pattern of decay, 
the stage of decay reached after five to six years in service and the 
presence of decay pockets penetrated by oil.

The location of most decay was related to the pattern of drying of the 
pole during air seasoning rather than to the pattern of rewetting in 
service. For example, in ten of the twelve poles with intermediate or 
advanced decay, the greatest damage had occurred in the middle of the 
length of the pole. This section would be the last to dry out in the wide 
sapwood southern pine species, since drying through the end grain can be 
1000 to 10000 times faster than through the sides. Similarly where the 
decay was less extensive it was commonly confined to the inner sapwood, 
the last part of the cross section to dry out. (Plate 5b) Although inner 
sapwood decay can be caused by post treatment infection of a band of 
untreated sapwood via checks (Morris, Dickinson and Levy 1984), this is 
extremely unlikely in such a wide sapwood species. There was no evidence 
of checks developing after treatment penetrating the full depth of the 
sapwood and the decay patterns were not associated with checks.

The patterns of decay were related to the pattern of infection and 
colonisation of poles by fungi during air seasoning. This was most 
discernable where the decay had not progressed too far. Here the decay 
pattern consisted of a collection of wedge shaped segments radiating out 
from the heartwood. (Plate 5b) In most cases the decay did not reach the 
surface of the pole presumably due to early drying of the outer sapwood. 
Wedge shaped segments are the result of the typical colonisation pattern 
of fungi in unseasoned roundwood. This is controlled by the wood anatomy, 
moisture distribution and competition between fungi. The tree is made up 
of wedge shaped segments of genetically identical cells. Each wedge is 
made up of the products of division of one cell of the original annulus of 
cells which formed the young stem. Each wedge may differ from its 
neighbours in its permeability and susceptibility to fungal infection. In
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the live tree fungal infection occurs through wounds and is confined to a 
specific wedge by the responses of the tree. This phenomenon has been 
termed compartmentalisation by Shigo (1974). In the felled tree fungi may 
infect over a larger surface area but radial colonisation by fungi down 
adjacent bundles of ray tissue converging on the heartwood produce the 
same segmental pattern of colonisation. Segments penetrated by sapstain 
fungi can become more permeable and may dry out more rapidly. Segments 
which take longer to dry out may permit the colonisation sequence (Clubbe, 
1980) to proceed further allowing colonisation and subsequently decay by 
the wood-rotting basidiomycetes. In some cases part of the wood may be 
colonised by fungi which resist replacement by the wood-rotting fungi 
providing, natural, localised, biological control. The wood-rotting fungi 
may therefore be confined to certain segments by wood anatomy, by moisture 
distribution or by competition from other fungi. Whatever the case wedge- 
shaped segments of colonisation, and subsequently of decay, are the 
result.

Very often the segments colonised by the wood-rotting fungi can not be 
penetrated by oilborne preservatives during the pressure treatment 
process. This is because oil does not readily penetrate wet wood. The 
segments colonised may be those which remained wet during air seasoning 
but the action of decay may also have caused the wood to remain wet in two 
ways. First, breakdown of the wood carbohydrate produces carbon dioxide 
and water. Second, an increase in the permeability of the wood makes it 
more likely to soak up water during periods of rain. Wood-rotting fungi 
are only active at moisture contents above about 25% and are at their most 
active at between 40 and 100% moisture content. Oilborne preservatives do 
not penetrate wood very well at moisture contents above 25%. The wood- 
rotting fungi can therefore survive in untreated segments later causing 
decay of this untreated wood. (Plate 5c) As a result the pattern of 
treatment appears to have been controlled by the pattern of decay and not 
vice versa.

The advanced stage of decay reached in such a short time in service was a 
further indication that this decay resulted from pre treatment infection. 
Eight poles showed intermediate or advanced decay over virtually the full 
cross section and over most of the length of the pole. For this to have 
occurred over five or six years, the full length of the pole must have 
been at a suitable moisture content for decay at the time the pole went in 
to service and the pole must have been treated to a relatively shallow 
depth. This shallow penetration could have been caused by an inadequate 
vacuum-pressure schedule or by a high moisture content at the time of 
treatment. In addition one of the following two scenarios must have 
occurred. Either the pole was infected at a large number of points soon
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after treatment or it was already infected prior to treatment. The latter 
scenario is by far the most plausible.

The presence of intermediate or advanced decay in the heartwood of three 
poles suggested that the decay had been in progress for some considerable 
time because the heartwood of most southern pine species is moderately 
durable and therefore decays much more slowly than the sapwood.

The final piece of evidence for pretreatment decay was the frequency of 
areas of intermediate or advanced decay penetrated by oil. The presence 
of apparently high loadings of oil in decay pockets suggested that the 
decay had occurred prior to pressure treatment.

The proposition that, although infection occurred prior to treatment, much 
of the decay occurred in service was based on two observations. First, 
five of the poles inspected were extensively decayed and weakened to the 
point where they snapped, whether in service, during extraction for this 
study or during the course of our inspection procedure (when dropped 1.5 m 
from a forklift). This degree of decay, if present at the time of 
installation, would have been readily noted by the line crews and these 
poles would have been discarded at that time. Most of the strength loss 
must therefore have occurred during the five to six years these poles were 
in service.

Second, on some poles, the progress of decay from the intermediate to the 
advanced stage had been prevented or controlled by the presence of 
preservative. This was particularly exemplified by two poles in which, 
within wedge-shaped segments of pretreatment infection, the more permeable 
late wood (darker part of annual ring) had remained sound while the early- 
wood decayed. This can be explained by the known pattern of penetration 
of oilborne preservatives into wood. The late-wood is more permeable to 
preservatives than the early-wood (Gjovik, Roth and Lorenz 1970) thus 
preservative could have penetrated only the late-wood within the, segment 
colonised by the wood-rotting fungus killing the fungus and preventing 
decay in the late-wood but allowing decay to proceed in the early-wood.

Numerous other examples were seen where decay had been stopped by the 
treatment; particularly near the ends of the poles where the poles had 
dried out and had subsequently been well treated via the end-grain. In 
all but one of the decayed poles examined this had resulted in decay being 
very limited in the groundline section. Similarly the top ends of the 
poles commonly had very limited decay while further down the decay was 
comparatively extensive (Plate 5c). Thus although infection had occurred, 
prior to treatment the preservative treatment had controlled the
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subsequent progress of decay in service.

Unlike the situation of post-treatment infection (Morris, Dickinson and 
Levy 1984), the locations of the decay pockets were mostly unrelated to 
bolt holes, wood pecker holes, checks or other access points for water and 
fungi to get through the treated zone. Having said this, in some poles 
decay had only progressed to the advanced stage near the groundline or 
near bolt holes where water could have entered the pole after treatment 
but the rest of the pole did show intermediate stages of decay. This 
suggests that the pole had dried down sufficiently to slow the decay over 
most of the length and decay had only proceeded rapidly where the pole had 
rewetted in service.

One further characteristic of the poles examined that may be indirectly 
related to pretreatment decay is the grey colour (as opposed to the honey 
colour of most recently installed PCP treated poles) noted in the previous 
report on this pole population. This grey colour is the natural colour of 
aged wood;, wood that has been exposed to UV light, rain and colonisation 
by staining fungi. It normally takes PCP treated poles a number of years 
to weather to this grey colour presumably due to the protection of the oil 
against water absorbtion and the PCP against bluestain fungi. Prior to 
treatment the surface of the poles could age at the normal rate for 
untreated wood and if air seasoned, exposed to weathering, for too long a 
grey surface appearance would result. This might be particularly severe 
on the top face exposed to sunlight and less severe on the underside 
resulting in the half grey, half honey coloured poles noted in the 
previous study. Another result of extended air seasoning would be a 
greater chance of pretreatment infection. Thus the two phenomena, grey 
poles and decayed poles, could both be linked to the same cause, extended 
air seasoning. This does not mean, however, that grey poles will all 
decay prematurely or that all honey-coloured poles will not do so.

Finally, turning to an apparently unrelated phenomenon, three of the poles 
had advanced, decay on the surface of the pole below groundline. (Plate 
5d) This decay pattern had the appearance of brown-rot or severe soft- 
rot. Microscopic examination of thin sections from these poles confirmed 
that this was soft-rot. This finding was quite unexpected since soft-rot 
has been found to cause rapid, premature decay only in hardwood poles 
treated with waterborne preservatives. In well-treated softwood poles 
soft-rot normally comes into play only at the end of the service life, as 
the ultimate cause of failure after 30 to 100 years depending on the 
preservative and original retention. Premature decay of inadequately 
treated softwood poles is normally associated with brown-rot because 
brown-rot fungi decay wood much faster than soft-rot fungi. Soft-rot only
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becomes the predominant form of decay when the brown-rot fungi are 
excluded by conditions unfavourable to them. Such conditions include wood 
at very high moisture contents and preservative treated wood. Soft-rot 
fungi are commonly more resistant to wood preservatives than are brown-rot 
fungi but soft-rot of treated softwoods is still an extremely slow 
process. It therefore seems likely that, in this case, the brown-rot 
fungi were excluded by the high moisture content of wood below groundline 
and not by preservative. For soft-rot to have, progressed to this stage 
in five to six years the preservative must have had little or no effect on 
the rate of decay.

7.0 GENERAL DISCUSSION

Forintek were requested to answer three questions at the beginning of this 
project First the incidence of decay in the four supplier/year 
combinations, second the origin of the decay and third whether the 
situation will get worse. Each of these three questions will be addressed 
in turn.

The incidence of decay in these poles was estimated as 4% of TDL-85S, 3% 
of TDL-86s, and 1% of TD4-85s. This estimate comes from the physical 
inspection and the incidence of basidiomycetes, excluding one 
basidiomycete suspected of being unable to decay wood. The results for 
TD4-86 showed some conflicting data, the physical inspection gave 4% of 
poles with decay but the mycological sampling gave 0% with basidiomycetes 
other than 5. Brinkmanii. It therefore seems best not to draw conclusions 
concerning this group of poles without corroborative data for one of these 
two figures.

The data from the mycological sampling requires some further clarification 
due the very large proportion of basidiomycete isolates (86%) which turned 
out to be S. brinkmanii or a related species. If this fungus is a non
wood-rotting basidiomycete the proportion of poles in which wood-rotting 
basidiomycetes were viable was only, 2% of the entire population sampled 
or 3% of TDL-85s rather than 10% of the entire population or 16% of the 
TDL-85s. The decisions as to further action on TDL-85 poles could well be 
different depending on whether the proportion with decay is 3 or 16%. It 
will therefore be necessary to determine for certain the decay capability 
of selected S. brinkmanii isolates found in this study. This process will 
take 6 months thus some decision as to the future of these poles will have 
to be taken before such information is available. In this event it seems
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best to assume that S. brinkmanii will not cause rapid premature decay of 
the type seen to date but may cause a slow white-rot over a more extended 
time period. This time period cannot be determined with the available 
data.

Henry 1990 located viable basidiomycetes (presumably including S. 
brinkmanii) from 12% of TDL-85, 0% of TDL-86s and 4% of TD4 85s.
Comparing only the isolations from the above-ground core samples, this 
present study found 15% of TDL-85, 8% of TDL-86 and 4% of TD4-85 with 
viable basidiomycetes including S. brinkmanii. The slightly higher 
proportion of poles with viable basidiomycetes in this study, can be 
partly ascribed to the larger number of TDL-86 sampled and partly to the 
removal of core samples from two positions instead of one position per 
pole. This would have increased the probability of isolating any fungus 
present. Taking this a step further the true incidence of viable 
basidiomycetes in TDL 85s may well be higher than 16% since it would be 
necessary to destructively sample the entire pole to have a 100% 
probability of locating all the basidiomycetes present.

Previous studies including penta-treated southern pine poles (Cooper 1985, 
Zabel, Lombard, Wang and Terracina 1985) have not provided comparable data 
on the incidence of internal decay. However, the latter study showed that 
white-rot fungi were the dominant cause of decay in such poles. This does 
not fit with the finding that the Bell Canada poles which failed in 
service were decayed by brown-rot fungi. This suggests that these poles 
do not fit the normal pattern for penta-treated poles. Zabel, Kenderes 
and Lombard (1980) found decay in 14% of penta-treated Douglas fir poles 
between zero and ten years in service but these were mainly found in the 
untreated regions of the poles. Douglas fir has a very narrow treatable 
sapwood band thus the untreated regions would tend to be heartwood. In 
southern pine most of the pole volume is treatable sapwood thus there 
should be no opportunity for survival of basidiomycetes in this zone after 
treatment.

The microscopic examination detected a very low incidence of decay 
attributable to wood-rotting basidiomycetes compared to the incidence of 
basidiomycete infected poles and the results of the physical inspection. 
This was probably because the groundline region, first, dried out more 
rapidly than the rest of the pole during air seasoning and, second, was 
treated more thoroughly. Both processes involving the longitudinal 
movement of liquid through the end-grain. The data from the microscopic 
examination in this study can not be readily compared to that from Henry 
(1990) since in this study the amount of cell wall deterioration was 
quantified directly whereas in Henry (1990) it was the amount of fungal
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hyphae which was quantified. The degree of decay was then deduced from 
the amount of fungus.

With regard to the second question, while the data on the incidence of 
decay came entirely from phase 2 the evidence for pretreatment infection 
as the origin of the problem came from phases 2 and 3, from Henry (1990) 
and from the original pole failures which initiated both of these studies. 
Failures of properly treated poles due to decay within 5 years of 
installation are not a normal phenomenon. Similarly the extent of the 
decay noted in 13 of the poles examined in phase 3 was extremely unlikely 
to have developed entirely after the poles were installed in service. The 
pattern of decay was entirely consistent with pretreatment infection 
compounded by incomplete preservative penetration. The location of the 
most extensive decay and the locations from which basidiomycetes were 
isolated in Henry (1990) and in this study (phase 2) do not relate to the 
expected distribution of moisture in poles in service. Rather they relate 
to the expected moisture distribution in a pole in the process of air 
seasoning. The most extensive decay in poles in service normally occurs 
at the groundline (Graham and Helsing 1979, Hayes 1986, Morris, Dickinson 
and Levy 1984), in contrast pretreatment infection can occur along most of 
the length of the pole (Lundstrom and Edlund 1987; Morris 1988; 
Przybylowicz, Kropp, Corden and Graham 1987; Zahora and Dickinson 1989).
In total the weight of evidence is overwhelmingly in favour of 
pretreatment infection as the source of the decay problem in these poles. 
This conclusion concurs with that of Henry (1990).

The potential for pretreatment infection and decay in southern pine poles 
should come as no surprise to the treating industry. Panek (1963) noted 
that "Air seasoning, even for brief periods of a few weeks, often is 
accompanied by infection from mould, stain and decay fungi which can 
seriously impair the value of the poles and piles if not diminish their 
strength properties.", Mills (1985) reported that southern pine poles, 
which had been air seasoned very carefully, showed, incipient decay in 56% 
of poles after three months under a shed. Taylor (1980) described 
pretreatment decay as a 'chronic problem that plagues the utility industry 
in their poles which they purchase from the wood preserving industry'. He 
cited numerous references on the subject but many of these were anecdotal 
and were dismissed as unsubstantiated by the industry in the discussion of 
the paper at the American Wood Preservers Association annual meeting. 
Taylor (1980) recommended the reduction or elimination of air seasoning 
and the sterilisation of poles by heat treatment. Taylor again raised 
concerns about pretreatment decay in 1985 and proposed the universal 
adoption of kiln drying as a means of solving the problem (Taylor 1985). 
Despite this history, it is extremely unlikely that the decayed poles
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dated 1985, examined in this study, had been kiln dried.

The third and last question which Forintek was asked to address, whether 
the situation will get worse, was touched on in the discussion of the 
basidiomycete isolations. As with the incidence of, decay, the answer is 
dependant on the capability of S. brlnkmanil to decay wood. If it can,
16% of TDL-85s could continue to lose strength. If it can not the problem 
is confined to 3% of these poles. Whichever the case there are still 
substantial numbers of poles in service which have not failed but could do 
so prematurely. Whether they will continue to decay depends mainly on the 
quality of preservative treatment they received. If it is as poor as some 
of the poles examined in phase 3 these poles will fail relatively soon. 
Conversely if the treatment was done properly the viable wood-rotting 
basidiomycetes may be confined to a small zone of untreated wood. The 
data from the mycological work will therefore have to be compared with 
that from the chemical analysis before any conclusions are drawn on this 
third question.

8.0 CONCLUSIONS

The incidence of decay in TDL-85 poles was 4% based on physical and 
mycological examination of core samples and assuming that S. brinkmanii is 
not a wood-rotting fungus.

On the same basis the incidences of decay in TDL-86 and TD4-85 poles were 
3% and 1% respectively.

The incidence of decay in TD4-86 poles cannot be reliably determined at 
this time.

Poles with some grey colouration showed a higher incidence of internal 
decay than normal honey-coloured poles

Ontario and Quebec have similar incidences of decay and infection by 
basidiomycetes.

The cause of the premature failures was pretreatment infection and decay 
which continued to cause further strength loss in service.

At least 3% of TDL-85s could continue to decay unless there is sufficient 
preservative penetration and retention to prevent this.
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TABLE 1

Fungi Cultured From Poles From Whitney Area Identified in Henry (1990)

POLE RURAL

BASIDIOMYCETES CULTURED 
FROM BORINGS AT

NUMBER ROUTE TYPE YEAR SIZE-CLASS 4 FOOT GROUNDLINE IDENTIFICATION

40 2300 TD4 84 40-4 + N/A* Sistotrema brinkmanii

15 3100 TDL 85 60-2 - -

46 3100 TDL 85 60-2 + - Sistotrema brinkmanii

4 3002 TD4 85 45-3 - -

46 3000 TDL 85 45-3 + - Schizophyllum commune 
Sistotrema brinkmanii

55 3000 TDL 85 45-3 + + Sistotrema brinkmanii

57 3000 TDL 85 60-3 + + Antrodia sp.

59 3000 TDL 85 60-3 + - Sistotrema brinkmanii

1 3500 TDL 85 60-2 + N/A Antrodia sp. (2)

97 3000 TDL 85 50-3 + N/A Antrodia sp.

*N/A = These poles were in rock cribs.
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TABLE 2

Physiological Response of Sistotrema Brinkmanii To Oxidase 
Reactions on Gallic Acid Agar (GAA)*

POLE DESCRIPTION

ISOLATE NUMBER TYPE YEAR GAA

11-2 ST. LIN-5 C TDL 86 +
19-RR520-5C TD4 85 -

19-RR520-1D TD4 85 -

46-RR900 St.Jerome-lD TDL 86 + + +
105-VAR-1D TDL 86 + +
109-VAR-5B TDL 85 -

126-VAR-1B TDL 85 NG
126-VAR-5 C TDL 85 +
135-VAR-1B TDL 85 -

2367-3 HWY117 St.Jerome-lB TDL 86 -

2367-3 HWY117 St.Jerome-lC TDL 86 + + + +

The reactions are rated:
+ very weak brown diffusion zone only under the inoculum;
+ + weak diffusion zone under most of mat but visible from underside only;
+ + + moderately strong diffusion zone extending a short distance beyond the margin of mat;
+ + + + strong diffusion zone dark brown extending considerably beyond margin of mat;
+ + + + + very strong diffusion very intense dark brown forming a wide corona around mat;

no reaction;
NG no growth
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TABLE 3

Location And Type of Biodeterioration In 
Cores Having a Ranking Equal To Or Greater Than 2

POLE # LINE/IIWY TYPE YR RANK
OUT-
SECT

TYPE RANK
MID
SECT

TYPE RANK
INN-
SECT

TYPE VIABLE
CULTURE

IDENTITY ISOLATION
FROM
CORE

57 RR3000-127 TDL 85 3 SR* 2 ?* 0 - Yes Unidentified 1

129 '  Varennes TDL 85 0 - 0 - 2 ? Yes S .brinkm anii 15

616 Varennes TDL 85 2 ? 0 - 0 - No

639 Varennes TDL 85 3 SR 1 ? 0 - Yes S.brinkm anii 15

640 Varennes TDL 85 3 SR 1 ? 0 - Yes S.brinkm anii 1

770 Varennes TD4 85 2 ? 0 - 0 - No

2367-3 St.Jerome-117 TDL 86 4 WR* 0 _ 0 _ Yes (2) Unidentified 1

S.brinkmanii 1

*SR = Soft-rot 
*WR = White-rot 
*? = Unclassified
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TABLE 4

Incidence Of Decay (% of Poles) Observed With Physical Inspection 
(Hammer and Pick Test) Microscopic Examination and Microbiological Assay.

Percent of Poles Showing Decay

PH Y SIC A L M IC R O SC O PIC * M YCO LO G ICAL

IN T E R N A L  EX TER N A L IN T E R N A L  E X T ER N A L ALL EX C LU D IN G

IS O L A T E S S. brm km an ii

N = 46(5% ) N = 7 (< 1 % ) N = 84(10% )

TDL-85 4 3 <1 <1 16 3

TDL-86 3 5 <1 0 10 3

TD4-85 >1 <1 <1 0 5 1

TD4-86 4 3 0 0 3 0

Grey & Honey 
Grey

16 8 <1 6 35 8

Honey 2 3 <1 <1 8 2

Ontario 4 2 <1 <1 10 2

Quebec 1 5 0 2 10 2

* Rating of 2 or more excluding soft-rot.
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Figure 3 Microscopie observations of fungi in 843 examined poles.
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Figure 4 Distribution of sapstain in 196 infected poles.
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PLATE 1.

Borings collected at 1.2 m above ground (a), at 30 cm vertically below bolt hole for attachment 
(b). and at 10 cm below groundline (c). Collection and handling of cores using sterile technique 
(d). Sporocarp of a basidiomycete on cut surface of stump (e) near pole #4 (Whitney), previously 
identified in Henry (1990).



Core cut into equal lengths and set on agar, displaying fungal growth (a). Core set on agar, no 
growth (b). Positive oxidase reaction on GAA, diffusion zone very intense but no growth on media 
compared to a negative reaction (c). Positive oxidase reaction on GAA, diffusion zone very 
intense extending beyond mat compared to a negative reaction (d). Two morphological forms of 
Sistotrema brinkmanii (e) sodden, appressed, zonate, with distinct margin and (f) floccose with 
scattered tufts of aerial mycelium, azonate with indistinct margin.

PLATE 2.



PLATE 3.

Radial section with sapstain and soft rot infection (a): Hyphae of sapstain fungus with 
"necked down" bore holes [n] and soft rot cavities [s]. Brown rot (b) displaying removal of 
tracheid wall [w]. Sound wood displaying early [e] and late [y] wood (c). Chains of conical- 
ended cavities characteristic of soft rot (d). White rot: bore holes (e) and erosion of tracheids 
under polarized light (f).



PLATE 4

Sistotrema brinkmanii (a-c) Hyphal protoplasm containing oil droplets (a). Chains of bulbils 
(b) linked by clamp connections (c). Hyphal clamp connections (d). Schizophyllum commune 
with characteristic wart like projections on hyphal walls (e). Antrodia sp. fruiting in culture 
on wood splinter (f).



PLATE 5.
A) Broken end of TDL-85 pole which failed in 

service due to extensive brown rot.
This is typical of poles examined in phase 3.

B) Cross section of TDL-85 pole showing 
wedge-shaped areas of sapstain near the 
surface and of pre-treatment decay near 
the heartwood. This cross section was 
well treated and the decay has been 
stopped by the treatment.

C) Two cross sections of a TDL-85 pole one 
with complete preservative penetration, 
section 9 nearest the top end of the pole 
and one with very poor preservative 
penetration, section 8 one metre below.
In section 9 the decay has been confined 
to a very limited pocket whereas in section 8 
the decay has spread over half the 
cross section.

D) Surface of TDL-85 pole showing severe 
soft rot.


