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SUMMARY

Pulpwood logs were cut from balsam fir trees in November 1978, 

debarked in July 1979, and stored on the Cape Breton Highlands,

Nova Scotia. In August 1981, the moisture content of the sapwood 

of all specimens examined was below fibre saturation point (30%).

Only a few heartwood specimens had moisture content above fibre 

saturation point. About 13 and 7% of the specimens' cross section 

areas were affected by advanced and incipient decay, respectively.

Logs obtained from healthy eastern spruce trees or from trees

defoliated or killed as a result of spruce budworm attack were

stored at the Acadia Forest Station, New Brunswick, since

November 1979. About half of the logs were debarked in spring 1980.

In August 1981, moisture contents of both sapwood and heartwood from

logs stored without the bark were similar, with means for the three

experimental groups ranging from 25 to 31%. Logs stored with their

bark had significantly higher moisture contents, ranging from 57 to

93% for sapwood and from 37 to 72% for heartwood. Logs obtained 

from healthy trees had the highest moisture contents, while logs from

dead trees had the lowest moisture contents; logs from trees which were

defoliated but not killed by budworm were intermediate. Similar trends

were seen for the percentage of outer wood (sapwood) affected by

advanced and incipient decay.

The intensity of fungal deterioration in standing balsam fir 

trees on the Cape Breton Highlands, living or dead for up to 4 

years as a result of spruce budworm attack, was evaluated and was 

related to the number of years since tree death. For trees dead
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since 3 or 4 years, advanced and incipient decay together occupied 

almost 50% of log cross section areas.
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INTRODUCTION

Because of attacks by the spruce budworm, Choristoneura 

fimiferana (Clem.) large numbers of balsam fir (.Abies balsamea 

(L.) Mill.) and spruce (Picea spp.) are moribund or dead in 

eastern Canada.

The deterioration of the dead standing timber can seriously 

reduce the quality and value of the wood, and could make salvage 

operations uneconomical. In cases where salvage operations are 

carried out, the large inventories of wood can often not be utilized 

immediately, and logs must be stored, possibly for periods of a few 

to several years.

In order to permit sound planning of salvage and storage operations, 

information is needed on the rate of deterioration of wood, both in 

dead standing trees and in logs during storage. As part of a study 

into the utilization of eastern spruces for lumber and composite board 

production (DSS Contract No. ISS79-00072, 1979 - 1980), an 

experimental storage pile was set up to monitor development of decay 

in bolts stored with or without bark; bolts were obtained from 

healthy spruce and from living and dead trees defoliated by budworm 

in the Acadia Forest Station, New Brunswick.

Five balsam fir log piles harvested between 1977 and 1980 

during a budworm salvage operation in Cape Breton Highlands,

Nova Scotia, were examined during the summer of 1980 for moisture 

content, degree of fungal deterioration and insect attack after 

outdoor storage for up to 3 years (CFS contract, Project 65-55-157,

3



1980-81) . Moisture content of logs stored with the bark intact 

remained sufficiently high to permit continued fungal decay after 

3 years of storage. Logs stored for 1 year without bark were 

sufficiently dry to prevent further fungal growth.

As part of a large wood quality study undertaken by the 

Maritimes Forest Research Centre,the Canadian Forestry Service 

carried out in August 1981 felling of balsam fir trees which were 

alive or had been killed as a result of budworm attack at known 

times during the past five years. Trees which appeared to be 

affected by red heart at the time of felling were deemed not 

acceptable for pulping studies, and were provided to Forintek to 

undertake production and evaluation of panel products.

This project therefore involves three study areas. First, 

balsam fir logs cut in 1978 and stored without bark since 1979 

were sampled to determine the moisture content and state of fungal 

deterioration 2 years after debarking. Second, eastern spruce 

stored since 1979 were examined for moisture content and fungal 

deterioration after 2 years of storage. Third., fungal decay 

in standing balsam fir trees dead since 0 to 4 years was assessed, 

as a preliminary step prior to composite board production and 

evaluation planned for 1982.

4



Table 3.

Table 4.

Table 5.

Figures

Figure 1

Acadia Forest Station Storage. Moisture 
content (%) based on oven dried weight for 
spruce logs at time of tree felling (November 
1979) and after storage for 21 months 
(August 1981); logs without bark were de-
barked in spring 1980. Significant differ-
ences between 1981 moisture contents of logs 
stored with or without bark are based on 
t-tests,* = P < 0.05, ** = P < 0.01.

Acadia Forest Station Storage- Percentage of 
outer wood (sapwood) of spruce log cross 
sections affected by fungal deterioration at 
time of felling (November 1979); logs without 
bark were debarked in spring 1980. Significant 
differences between 1981 fungal deterioration 
of logs stored with or without bark are 
based on t-tests, ns = not significant,
* = P < 0.05, ** = P < 0.01.

Cape Breton Highlands Salvage. Diameter, 
surface area, and fungal deterioration of balsam 
fir log cross sections for logs obtained from 
living trees or trees dead for up to 4 years. 
Values are means ± standard deviation.

. Cape Breton Highlands Storage. Proportion 
of advanced decay along the length of 
debarked balsam fir logs. Each group value 
is an average from 4 logs; mean values are 
the averages from the 12 logs. Group I = logs 
stored in lowest 0.9 m portion of pile. Group 
II = logs stored 0.9 to 2.7 m from the ground. 
Group III = logs stored in top 0.6 m portion 
of pile (3.4 to 4.0 m from the ground).



METHODS

A 4 m high pile of 2.4 m balsam fir roundwood logs was established 

in November 1978 on Dorion Road, 2.4 km east of Highland Road on the 

Cape Breton Highlands, Nova Scotia. Logs were debarked in July 1979 

and specimens were taken from 12 logs in July 1980 in order to determine 

moisture content and degree of fungal deterioration. On August 27,

1981, 12 logs were pulled from the pile, 4 from each of three height 

groups. Group I includes logs which were in the lowest 0.9 m portion 

of the pile, Group II includes logs stored 0.9 to 2.7 m from the soil, 

while Group III logs were in the uppermost 0.6 m portion (3.4 to 4.0 m 

from the soil). Five cross section discs were cut from each log, from 

the centre of the log and at 10 and 60 cm from both ends. Diameter 

of the central disc was measured to estimate overall log diameter. 

Specimens were individually wrapped in plastic bags and were transported 

to Ottawa where moisture contents of both sapwood and heartwood were 

determined by oven drying portions of each specimen. Fungal 

deterioration was assessed on air dried specimens and was assigned to one 

of three categories: advanced decay, incipient decay, and blue stain.

Advanced decay was recognized from colour and from loss of strength 

ascertained by probing the wood with the tip of a metal probe. Areas 

of incipient decay were slightly softened, brittle, or discoloured as 

a result of microbial activity. Blue stain usually appeared as 

faint patches in the sapwood area, sometimes overlapping with incipient 

decay. Each of these classes was assigned a number equal to

•£ - Cape Breton Highlands Storage
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the percentage of the surface area of specimens which was affected 

by it.

T-tests were carried out to compare the moisture content of 

sapwood with that of heartwood. Analysis of variance (ANOVA) was 

used to verify if the height at which logs were sotred in the pile 

affected moisture content.
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In November 1979, spruce trees were felled on the grounds of 

the Acadia Forest Station about 25 km northeast of Fredericton,

New Brunswick. Trees belonged to one of three experimental groups:

8 normal trees, 8 trees defoliated by the spruce budworm and 7 dead 

trees killed as a result of budworm attack. Dbh ranged from 13 to 

23 cm. Stems were cut into 1.8 m bolts starting from the butt end; 

the second bolt from each tree was sent to Ottawa in 1979 for production 

and evaluation of composite boards. The first and fourth bolts from 

each tree were stored with the bark intact while the bark of the 

third and fifth (if available) bolts was removed in the spring 1980.

All bolts are stored together in a 1 m high pile at the Acadia Forest 

Station. On August 24, 1981, two wedgeshaped specimens were taken 

from each log, one at the centre and the other about 10 cm from the 

west end. Cuts in the logs were tarred with tree dressing compound 

and the logs were repiled to permit further examinations in sub-

sequent years. Specimens were placed in individual plastic bags and 

were shipped by air to Ottawa for determination of moisture contents 

of sapwood and heartwood. The percentage of area of outer wood (sap- 

wood) affected by advanced decay, incipient decay, and blue stain was 

evaluated for each specimen; the limited amount of heartwood present 

in our specimens precluded evaluation of fungal deterioration of the 

inner wood (heartwood).

T-tests were carried out to determine if moisture content was 

different at the end rather than at the middle of the logs and to

•££ - Acadia Forest Station Storage
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verify if sapwood and heartwood moisture content and outer fungal 

deterioration were similar for logs stored with and without bark.
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As part of a larger study into tree deterioration following 

spruce budworm attack, a balsam fir stand north of the junction 

between Spring Road and Highland Road, Cape Breton Highlands,

Nova Scotia, has been under study by the Forest Insect and Disease 

Survey (FIDS) of the Maritimes Forest Research Centre (MFRC) since 

1976. Trees have been marked the year they died since 1977. Trees 

in the stand were felled in late August 1981. Seventy two 1.2 m 

logs destined for pulping studies were judged as being affected by 

red heart and were therefore set aside for production of composite 

boards. These logs were transported to Ottawa in October 1981.

A cross section disc was cut from one end of each log, and the degree 

of fungal deterioration was assessed for these discs. Composite 

boards will be produced from these logs and evaluated during 1982- 

1983.

'L'i't - Cape Breton Highlands Salvage
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RESULTS

The mean diameter of sample logs was 17.7 cm (standard 

deviation 3.1 cm), with a range from 12.3 to 22.2 cm, compared to a 

mean diameter of 16.3 for logs examined in 1980.

No moisture gradient was found along the logs, the moisture 

contents being similar in value for the five specimens along each log. 

These five values were therefore averaged for each log to obtain its 

sapwood and heartwood moisture content. Results (Table 1) show 

average moisture contents of 20.1 and 30,1% for sapwood and heartwood, 

respectively. Although sapwood was consistently drier than heartwood, 

this difference was not statistically significant (t-test, P>0.05). 

Moisture content of both sapwood and heartwood was greater for logs 

stored higher in the pile (Table 1), but not significantly so 

(ANOVA, P>0.05). The sapwood of all specimens was below fibre 

saturation point (30% moisture content), making it resistant to further 

fungal attack, while the heartwood of 3 of the 12 logs was above it; 

only one of these had a substantially higher moisture content (98%).

The proportion of fungal deterioration at the five positions along 

each log did not show any clear trend when considering the three height 

groups (Figure 1). Results from the five positions were averaged 

for each log. Considerable variation in fungal deterioration was seen 

both within and between groups (Table 2). Advanced decay averaged 

13.0%, incipient decay 7.4%, and blue stain 0.5%. While logs in 

Group I were less deteriorated, logs in Groups II and III had

£ - Cape Breton Highlands Storage
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similar levels of damage



-hi. - Acadia Forest Station Storage

Since the moisture content of the specimens from the end of the 

logs did not differ significantly from those from the middle (t-test, 

P<0.05), these values were averaged for each log. For each experimental 

group, the sapwood and heartwood of logs stored with the bark removed 

were considerably drier than those with the bark on (Table 3), rarely 

exceeding fibre saturation point. The moisture content of material 

stored with the bark was greatest for logs obtained from normal trees 

and lowest for those from dead trees, reflecting the influence of 

moisture content at the time of felling 21 months earlier.

Logs stored without the bark had less outer (sapwood) decay 

than those stored with the bark (Table 4).
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Mean diameters for each of the six experimental groups were 

similar, ranging from 14.0 to 15.4 cm (Table 5). No decay was 

present in trees dead less than one year, while trees dead for one to 

two years had about 15 to 20% of their cross section area affected by 

incipient or advanced decay (Table 5). Trees dead 3 or 4 years had 

almost 50% of the cross section area with incipient or advanced 

stages of decay.

i''iï - Cape Breton Highlands Salvage
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DISCUSSION

The moisture content of balsam fir logs stored on the Cape 

Breton Highlands generally remained below fibre saturation point 

from the first to the second year following debarking (Table 1).

In New Brunswick, spruce logs which had been debarked 14 months 

earlier had their moisture content at or below fibre saturation 

point, while logs stored with the bark were considerably wetter 

(Table 3). After 21 months of storage, the moisture content of 

logs stored with the bark on is still influenced by the original 

moisture content at the time of tree felling; logs from dead trees 

were drier than those from trees which had not been attacked by 

spruce budworm. Associated with the differences in moisture content, 

incipient and advanced decay were greater in logs stored with the 

bark than in those without bark (Table 4). It therefore appears that 

even for storage times of 2 years, debarking can reduce losses to 

advanced and incipient decay by 10 to 15%.

Based on the evaluation of cross sections from 72 balsam fir 

logs, it appears that for standing balsam fir on the Cape Breton 

Highlands, advanced and incipient decay reaches about 20% of cross 

section area 2 years after tree death and 50% after 4 years (Table 5). 

The effects of this decay on the quality of composite boards produced 

from this material will be verified in 1982.

14



Table 1. Cape Breton Highlands Storage. Moisture content (%) 
of sapwood (S) and heartwood (H) of debarked balsam fir 
logs, based on oven dried weight. Values are calculated 
from averages for 5 measurements per log. Logs were 
felled in November 1978, debarked in July 1979, and 
examined in July 1980 and August 1981.

Number
of

Moisture

1980

Content %

1981

Logs S '• H S H

Group I 4 20.1 22.8 17.8 19.9

Group II 4 21.9 25.7 19.9 22.8

Group III 4 25.1 27.4 22.6 47.5

All data 12 22.3 25.3 20.1 30.1

Group I : 

Group II: 

Group III:

logs stored in lowest 0.9 m portion of pile, 

logs sotred 0.9 to 2.7 m from the ground.

logs stored in top 0.6 m portion of pile (3.4 to 4.0 from ground).
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Table 2. Cape Breton Highlands Storage. Percentage of balsam fir 
log cross section area affected by fungal deterioration. 
Values are means i standard deviations, based on average 
log value (average of 5 positions). Logs were felled in 
November 1978, debarked in July 1979, and examined in 
August 1981.

Fungal Deterioration (%)
Number

of Advanced Incipient Blue
Logs Decay Decay Stain

Group I 4 0.2 + 0.3 5.0 ± 4.9 0.1
± 0.2

Group II 4 21.6 + 24.4 9.3
+

9.6 0.8
+

1.0

Group III 4 17.1
+

17.8 7.9
+

4.9 0.7
+

0.8

All data 12 13.0
+

18.5 7.4
+

6.4 0.5
+

0.7

Group I : logs 

Group II: logs 

Group III: logs

stored in lowest 0.9 m portion of pile, 

stored 0.9 to 2.7 m from the ground.

stored in top 0.6 m portion of pile (3.4 to 4.0 m from ground
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Tabfe 3 . Acadia Forest Station Storage. Moisture content (%) 
based on oven dried weight for spruce logs at time of 
tree felling (November 1979) and after storage for 21 
months (August 1981); logs without bark were debarked 
in spring 1980. Significant differences between 1981 
moisture contents of logs stored with or without bark
are based on t-tests, * = P<0.05, ** = PC0.01.

Experimental
Group

Year Number 
of 'Trees

Moisture

Sapwood

Content (%) 

Heartwood

Normal .1979 8 147.8 35.9

With Bark 1981 8 92.7 71.9
Without Bark 1981 8 28.0** 30.6**

Defolitated 1979 8 137.2 41.8

With Bark 1981 7 71.9 52.0
Without Bark 1981 7 31.4* 26.2**

Dead 1979 7 88.3 33.5

With Bark 1981 7 56.5 37.2
Without Bark 1981 7 29.6* 25.0*
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Table 4, Acadia Forest Station Storage. Percentage of outer wood
(sapwood) of spruce log cross sections affected by fungal 
deterioration at time of felling (November 1979) and after 
storage for 21 months (August 1981); logs without bark 
were debarked in spring 1980. Significant differences 
between 1981 fungal deterioration of logs stored with or
without 
* = P<0

bark are based on 
.05, ** = PC0.01.

t-tests, ns = not significant

Fungal Deterioration (%)

Experimental Year Number Advanced Incipient Blue
Group of Trees Decay Decay Stain

Normal 1979 8 0 0 0

Without Bark 1981 8 0 1.3 0.2
With Bark 1981 8 0.9 ns 10.0** 0.2 ns

Defolitated 1979 8 0 0.5 0.1

Without Bark 1981 7 0.2 3.3 0.9
With Bark 1981 7 1.4 ns 14.4* 1.0 ns

Dead 1979 7 4.6 10.4 11.8

Without Bark 1981 7 1.1 7.7 0.5
With Bark 1981 7 11.5* 12.9* 0.9 ns
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Table 5. Cape Breton Highlands Salvage. Diameter, surface area,
and fungal deterioration of balsam fir log cross sections 
for logs obtained from living trees or trees dead for up 
to 4 years. Values are means - standard deviations.

Number of ! 
Years Since 
Tree Death

Number 
of Logs

Diameter
(cm)

Area 
(cm2 )

Fungal Deterioration (%)

Advanced
Decay

Incipient
Decay

Blue
Stain

Living 13 : 15.4 - 5.4 207.6 - 150.1 0.4 - 1.4 0.4 - 1.4 0

<1 6 15.2 - 5.8 202.6 - 162.1 0 0 0

1 21 15.2 - 3.1 189.1 - 76.7 8.1 - 16.4 6.4 - 10.6 0.2 - 1.1

2 18 15.3 - 4.4 254.4 - 203.7 8.6 - 9.0 10.3 - 7.0 0.1 - 0.2

3 4 14.0 - 3.4 160.4 i 67.3 33.8 - 20.6 13.8 - 10.3 1.5 - 3.0

4 10 14.8 i 3.8 182.5 - 92.7 38.5 + 20.2 11.0 - 4.6 2.3 i 1.9
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Figure 1. Cape Breton Highlands Storage. Proportion of advanced 
decay along the length of debarked balsam fir logs.
Each group value is an average from 4 logs; mean values 
are the averages from the 12 logs.
Group I = logs stored in lowest 0.9 m portion of pile. 
Group II = logs stored 0.9 to 2.7 m from the ground 
Group III = logs stored in top 0.6 m portion of pile 

(3.4 to 4.0 m from the ground)
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