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FOREWORD

The vast boreal forests of Canada require proper management and utiliza
tion to ensure the availability of our resources for a variety of end uses, 
construction, transportation, energy, chemicals, art, and recreation.

Budworm infestation of balsam fir and spruce in eastern Canada is a threat 
to our resource for present and future requirements. In addition to methods 
to control the budworm there is a need to know the effect of the biological 
deterioration on the utilization of defoliated and killed trees for production 
of pulp, lumber, particleboard, and waferboard.

The study reported here records results of utilizing budworm—attacked and 
budworm killed spruce trees for lumber production at two locations in New 
Brunswick and Nova Scotia as well as the laboratory evaluation of composite 
boards made from such material. Forintek was assisted by the Maritime Lumber 
Bureau and cooperating mills and had valuable advice and assistance from tne 
Canadian Forestry Service. While results can be interpreted as indicating the 
utilization potential for budworm defoliated and killed spruce trees there is 
a need for additional studies to characterize wood quality for production of 
wood products from balsam fir and spruce.

The results will be of interest to forestry officials and wood processing 
industries desirous of optimizing use of our wood resource.
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ABSTRACT

Type and extent of biodeterioration occurring on eastern spruce trees, 
Picea spp., infested by spruce budworra Choristoneura fumiferana (Clem.), and 
its effect on the value of timber as raw material for lumber and composition 
board production was investigated in New Brunswick and Nova Scotia. Moderate
ly defoliated, severely defoliated and dead (standing) trees were examined and 
compared with normal trees.

The results indicated that the loss in wood quality due to fungal decay 
and insect damage on defoliated trees was not substantial and could be ignored 
in the use of the wood as raw material for the products mentioned above.

Dead trees were found to be deteriorated to a considerable extent, mainly 
as a result of fungal decay, especially on the butt ends, and contained mois
ture in most parts to a level considered favorable for fungal decay.

Decay and insect damage present on dead trees did not affect the lumber 
processing rate. Lower lumber recovery, however, and especially downgrading, 
resulted in a 21 percent loss of the value of lumber recovered.

Particle boards and waferboards produced from the roundwood from dead 
trees (6-foot bolts, 7 to 13 feet from the ground) were excellent in quality 
and equal to those produced from unattacked or defoliated trees.

A storage study was initiated near Fredericton, N.B. Six-foot long bolts 
from dead, defoliated and normal trees, with and without bark, will be moni
tored and examined for the rate and causes of deterioration during storage.
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LUMBER AND WOOD COMPOSITE PANEL PRODUCTION 
FROM BUDWORM-ATTACKED EASTERN SPRUCE

Part I 

GENERAL 

Introduction

This report presents the results of a study carried out under contract for 
the Canadian Government by Forintek Canada Corp., Eastern Forest Products Lab
oratory, (Supply and Services Canada, Contract Serial Number: 1SS79-00072).

This study was undertaken to evaluate roundwood obtained from budworm- 
attacked trees by examining fungal damage and damage caused by secondary in
sects, and by assessing the suitability of wood as raw material for lumber and 
composite board production. Also a long term study was to be initiated on the 
effect of log storage on wood quality.

On the higher level the objective was to help improve the utilization of 
budworm-attacked forests in the Maritime provinces, by providing a basis for 
improved resource inventory, and for better material handling procedures dur
ing normal and salvage operations.

Initially it was intended to examine how the duration of storage of dead 
wood on the stump would affect wood quality for lumber production. This re
quired large numbers of dead trees of specific diameters with known time of 
death, in easily accessible forests. As no such trees were available, how
ever, this objective was abandoned.

In New Brunswick and Nova Scotia budworm outbreaks are recognized as a ma
jor problem for the forest products industry (Ostaff and Petro 1977) with sig
nificant implications to the general economy of these provinces.
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In New Brunswick, wood industries employed more than 10 percent of the to
tal work force in 1977 and contributed more than 8 percent to the total value 
produced by all manufacturing industries (Forintek, 1980). In Nova Scotia, 
wood industries employed during 1977 about 2000 people and contributed 4.1» 
percent of the total value produced by all manufacturing industries.

Attack by spruce budworm, Choristoneura fumiferana (Clem.), causes defoli
ation of the trees. When the defoliation is light it may result in a reduc
tion of the growth rate of the trees and in lowering their resistance to other 
agents of deterioration. Severe defoliation lasting for many years may lead 
to the death of the trees resulting in the complete loss of the wood as a re
source for the forest products industry.

The significance of the task to find means of salvaging and utilizing bud- 
worm-attacked trees is indicated by the magnitude of the resource involved. 
According to surveys (Magasi, 1979) 810,000 ha balsam fir and spruce forests 
were defoliated in New Brunswick during 1978; 450,000 ha to a degree consider
ed severe. On Cape Breton Island 576,000 ha and on the mainland of Nova 
Scotia .6,lG0 ha o: balsam fir and spruce forests were severely defoliated.

Selection of Trees, Experimental Set-Up

Eastern spruce, (Picea spp), instead of balsam fir, (Abies balsamea), was cho- 
°en for this s^udy because of its greater significance in lumber production in 
New Brunswick and Nova Scotia. The trees used were selected from budworm at
tacked forests in New Brunswick and Nova Scotia in late summer and fall of 
1979.

The experimental trees were identified as red spruce, if leaf and twig 
opeoxmeiis could be obtained. Cones as an aid for identification could not be 
found on many of the defoliated trees; from dead trees usually neither cones 
nor leaves could be recovered. Some of the experimental trees may, therefore, 
have been one of the many hybrids common in the area. Since all eastern 
spruces, including hybrias, are grouped together in the lumber trade, a more



3

detailed examination of the taxonomic position of the experimental trees (and 
consideration in experimental design) was unjustified.

The trees selected were assigned to experimental groups designated as 
’’normal," "defoliated,” or "dead". Normal trees showed no or little defolia
tion (20 percent or less). The defoliated trees were further divided in Nova 
Scotia into "moderately defoliated" and "severely defoliated" groups according 
to the degree of defoliation. Trees in the dead group were without any green 
leaves, usually completely defoliated, and had discolored cambium.

The degree of defoliation was assessed with the aid of binoculars and by 
comparison with trees in the vicinity which appeared to be normal (unaffect
ed). In the field the trees were further examined for indications of decay 
and for their diameter at breast height (dbh).

Throughout this report, with the exception of the Sawrailling Study, the 
metric system of measurements was used, sometimes together with U.S. customary 
units where it appeared proper. In the Sawmilling Study U.S. customary units 
were retained.

Experimental trees were gathered in 3 series:

Lot New Brunswick I - comprised experimental groups designated "normal," 
"defoliated" and "dead". The logs obtained from these trees were used in the 
sawmilling study (Part IV).

Lot Nova Scotia - comprised the experimental groups designated "normal," 
"moderately defoliated" and "severely defoliated". The trees were used also 
in the Sawmilling Study (Part IV) and the slabs for Composition Board Produc
tion (Part V).

Lot New Brunswick II - comprised the experimental groups designated "nor
mal," "defoliated," and "dead." The trees were used for composition board 
production (Part V) and for the storage tests initiated.
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Sections of the trees from all 3 lots were assessed in the laboratory for 
fungal deterioration and examined for insect damage. Specific information on 
the 3 lots is given in the following:

Lot New Brunswick I: Normal and dead trees were obtained from an area 25 
km west of Boiestown. The stand was close to Brewer Brook and consisted of 
red spruce mixed with other species such as balsam fir, white birch and cedar. 
The area was severely damaged during the recent spruce budworm outbreak cul
minating in 1975-76 and had not been sprayed with insecticides against budworm 
since 1973» Most of the spruce trees in the stand appeared to be either nor
mal with little indication of defoliation, or dead. Living trees at a defoli
ation stage of 50 percent or more could not be located in sufficient numbers 
in dbn classes required to establish a "defoliated group" in the area.

The normal trees, which were assessed as defoliated by 20 percent or less, 
probably had been defoliated to a higher degree during the budworm outbreak 
referred to above. The crowns appeared relatively small and dead lower bran
ches were common. It was difficult to accurately assess the degree of defoli
ation attributable to budworm attack. The trees designated "normal" were all 
in close proximity to dead spruce and balsam fir trees.

The time at which the now dead trees had died could not be established. 
However, it was probable that many of the trees included in the "dead" group 
had been killed as a result of the budworm outbreak and probably during 1975- 
76. In individual cases other factors such as fungal decay penetrating from 
wounds may have contributed. About 15-20 percent of dead trees encountered 
were too far deteriorated and, therefore, were not included in the study. 
Their stems were partially decayed, leaning over and not expected to stand the 
stresses of felling and harvesting operations, besides posing a hazard during 
felling. Usually large numbers of fruit bodies of wood-rotting basidiomycet- 
ous fungi were found on the stems of the dead trees, especially on the lower 
portions.

Trees for the "defoliated" group were obtained from the Acadia Forest Ex
periment Station grounds 20-25 km east of Fredericton (Figure 1). The mixture 
of species in the forest was similar to that of the Boiestown stand.
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Each experimental group consisted of dbh classes from 8 to 15 inches (with 
one inch increments) with 4-6 trees in each class as required for the Sawmill
ing Study.

The trees were felled during the last week of November and the first week 
of December 1979, transported immediately to the mill site in Boiestown as 
tree sized logs and crosscut to 12 foot sawlogs starting from the butt end.

Up to four cross sections each were obtained from 2-4 (usually 3) stems of 
each dbh class. They were about 2-3 inches thick and cut from the butt and 
top ends of the tree-sized logs, and from between the 12 foot sawlogs (Figure 
2). The cross sections were shipped immediately to the Laboratory in plastic 
bags for entomological examinations ana the assessment of fungal deterioration.

Information on the number of trees from which cross sections were obtained 
for laboratory examination, their dbh, and degree of defoliation is presented 
in Table 1. Dbh averages being between 10.7 and 10.9 inches (27.2 and 27*7 
cm) amd standard deviations close to each other (between 2.3 and 2.7 inches) 
indicate ohat the groups examined were similar to each other in size and com
position.

Lot Nova Scotia; Experimental trees from Nova Scotia were obtained from 
the Fundy peninsula which currently experiences a severe budworm outbreak 
(Magasi, 1979).

Trees were selected to represent "normal", "moderately defoliated", and 
"severely defoliated" groups. Since in the accessible forests too few dead 
trees could be found in the specified classes (to meet the requirement of the 
sawmilling study) a "dead" group was not established.

Trees for the group designated "normal" were obtained from a stand near 
Halfway River East (15 km north of Parrsbcro). The trees had normal green 
leaves and shoots and were bearing abundant cones. No signs of budworm attack 
were observed. The main associatea tree was balsam fir in small quantities.

Moderately defoliated trees (with a defoliation usually between 40 and 60 
percent) were obtained from a stand about 5 km north of Advocate Harbour.
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Severely defoliated trees were obtained in an area about 10 km north of Advo
cate Harbour (near Apple River) (Figure 3)» The main associated species was 
in both stands balsam fir.

Dbh classes of each experimental group and the number of trees were simi
lar to that of Lot New Brunswick I.

The trees were felled during the second half of November 1979 and trans
ported to the mill site in Halfway River. Sawlogs and cross sections were ob
tained in the same way as in Lot New Brunswick I (Figure 2). Slabs obtained 
from sawlogs were used in production of composition boards.

Information on the number of trees from which cross sections were obtained 
for laboratory examinations, their dbh, and degree of defoliation is presented 
in Table 2. With dbh averages of 10.3 or 10.5 inches (26.2 or 26.7 cm) and a 
common standard deviation of 2.3 inches, the groups can be considered similar 
to each other in size and composition.

Lot New Brunswick II: Trees for the experimental groups of this lot were
obtained from a small area on the Acadia Forest Station grounds (the area from 
which also oefoliated trees of Let New Brunswick I were obtained).

The experimental groups established consisted of 8 normal, 8 defoliated, 
and 7 dead créés. Their dbh ranged between 5 and 9 inches.

The trees were felled during the third week of November 1979, and stems 
were cut into 6-foot (1.8 m) long bolts starting from the butt end.

Immediately after felling and cross cutting, the second lowest bolts from 
all trees, with bark on, were shipped to the laboratory for composite board 
production. Also cross sections, about 2 inches thick, obtained from the ends 
of these bc.ts, were shipped in plastic bags to the laboratory for assessment 
of fungal deterioration and entomological examinations (Figure 4).
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The remaining bolts were put into piles in a compound on the Station 
grounds. They will be examined annually for 4 to 6 years to establish the 
rate of deterioration during storage. An entomological examination of the ma
terial, and debarking (to be carried out on odd-numbered bolts with the excep
tion of bolt number 1, lowest on the stems), is planned for summer 1980.

References: see end of Part II.
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Part II

MOISTURE CONTENT, FUNGAL DETERIORATION

Introduction

The wood of spruces, both heartwood and sapwood, is generally known to be 
non-resistant to fungal attack (Hunt and Garratt, 1953)* Sometimes the heart- 
wood is considered to be on the borderline between non-resistant and moderate
ly resistant groups (Baxter, 1952).

Spruce, together with balsam fir, is one of the main host species for 
spruce budworm, Choristoneura fumiferana (Clem.) in the northeastern part of 
North America. However, it seems that most information on the deterioration 
of budworm-killed trees deals with balsam fir (Basham 1951, Basham 1959, 
Basham and Belyea I960).

A girdling study on balsam fir (Basham et al., 197*0 covering five loca
tions in four eastern provinces of Canada, concluded that under average stand 
conditions, to avoid substantial amounts of undesirable sap rot salvage opera
tions (on trees killed by spruce budworm) must be carried out within 1 - 1  1/2 
years in Ontario and within 3 years in New Brunswick.

In a study with spruce, Riley (1936) showed that on the Gaspé Peninsula in 
Quebec only 1 percent of the merchantable volume was lost during the 2 years 
following death; the loss increased to 24 percent by the sixth year.

The rate of decay on white spruce (Picea glauca) trees killed by spruce 
budworm in New Brunswick was examined recently (Hatton 1978). The volume of 
advanced decay estimated on trees dead for 0-2, 2-4, and 4+ years were, re
spectively, 5.8 percent, 14.3 percent and 55 percent. The volume of firm de
cay was estimated for the same groups as 23*2, 22.7 and 7.6 percent, respec
tively. Balsam fir, also examined, showed a similar rate of decay.
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Methods

In the Laboratory, examinations of fungal deterioration were preceded by 
moisture content determinations and annual ring counts. Moisture content, es
pecially in wood with low natural durability such as spruce is one of the main 
factors influencing fungal deterioration. Ring counts were made to help in 
the characterization of the experimental trees.

Moisture content was measured on cross sections by oven drying wood speci
mens, about 20-30 cm3 in volume, at 103 - 2°C. Specimens were cut from 
the sapwood portion, from the heartwood at a point equally distant irom sap- 
wood and pith, and from the pith area (Figure 2 and 4). Sapwood was clearly 
visible on cross sections from living trees due to the difference in moisture 
content. On dead trees, sapwood could frequently not be recognized in the 
same way. In such cases, a narrow zone of about 1 to 2 cm on the periphery of 
the cross sections was asuraed to be sapwood.

The type and degree of fungal deterioration was assessed by applying gen
eral techniques of wood pathology. These included visual examination of color 
and texture of wood, testing brittleness with the tip of a knife or a metal 
probe, observations under the stereomicroscope and examinations on thin (30 
ym) wood sections cut with a sliding microtome and embedded in Amann’s Lac- 
tophenol with trypan blue.

A preliminary examination of the cross sections indicated that 2 types of 
fungal deterioration could be distinguished in respect to location: 1) Deter
ioration in the "outer” portion of the cross section resulting from infection 
invading through bark, which on dead trees was frequently shed, and through 
cambium; 2) Deterioration in the "inner" portion of the cross section, usually 
the heartwood, where the infaction had been spreading probably from dead and 
decaying roots or from dead branches.

Two types of fungal deterioration were distinguished in the wood speci
mens, decay and blue stain. Decay was further classified in respect to de
gree: 1) "advanced decay" where the wood was weakened to such an extent that 
loss of strength was obvious; 2) "firm decay", frequently referred to in the
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literature as "incipient decay", suggesting that the decay is in its initial 
stage. Incipient decay is recognized by discoloration, frequently reddish 
brown, and by the presence of hyphae of wood decaying Basidioraycetes in the 
wood cells, seen when examined under the microscope.

Blue stain was assessed visually. Generally it was faint and limits were 
difficult to recognize in the colonized sapwood.

Strength tests on affected wood and isolation and identification of micro
organisms involved in the decay were outside the scope of this study.
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Results

Lot New Brunswick I: Information on diameter, surface area of the cross 
sections, and results of growth ring counts carried out on the butt sections 
is presented in Table 3. The ring counts indicated that the average age of 
normal and deioliated trees was about 90, and of dead trees a few years above 
100.

Results of moisture content determinations carried out on cross sections 
of the '-rees within 4 to 5 weeks after felling are presented in Table 4 and 
Appendix I. In the group of normal trees the moisture content of the sapwood 
was about 130-140 percent, a range which is in agreement with published infor
mation (U.S. Forest Products Laboratory, 1974; Knuchel, 1930).

-n QSiOlxated trees the average moisture content of the sapwood was lower 
in all sections than in normal trees, but higher than in dead trees. In a 
statistical analysis (Table 5) the differences between the 3 experimental 
groups were round to be significant. The insignificant interaction effects 
reporter m  iabie 5 give no evidence that the rate of drying out was not uni
form witn respect to height up the tree.

Tne cbh and age of the normal and defoliated groups were similar; there is 
no evidence that these factors are in causal relationship with the difference 
in sapwood moisture content.

Moisture content averages for heartwood were between 32 and 61 percent at 
all height levels and for all 3 experimental groups, a range which is consid
ered favorable for fungal growth (Cartwright and Findlay, 1958).

Tne results of examinations of the cross sections for fungal deterioration 
are presented in Table 6 and Appendix II. There was very little fungal deter
ioration on normal and defoliated trees (Figure 5). On normal trees decay was 
restricted to the inner and lower portions of the trees. In the defoliated
group traces of decay and bluestain were found in the outer as well as the in
ner portions of the lower two sections of the trees.
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The dead trees showed extensive deterioration at all heights (Figure 6 and 
7). Advanced outer fungal decay was especially pronounced in the butt end 
sections, averaging 25 percent of the sections area. Advanced inner decay was 
considerable at the butt end (9 percent) with lower percentages in the higher 
sections. In total, all types of fungal decay constituted about half of the 
butt section, one quarter of the second and about one third of the higher sec
tions. Bluestain found on the dead trees increased with height from about 1 
percent at the butt end to 11 percent at the top.

A statistical analysis of data on the effect of height in the trees indi
cated that the increase of blue stain was significant (Table 7). The statis
tical analysis also provided evidence of relatively higher levels of outer ad
vanced, inner advanced, and inner firm decay at the butt end of the trees. 
The significant quadratic value obtained for outer advanced decay indicates 
that this type of decay will in general be highest at the butt and the top of 
trees and lower in the middle portions.

To investigate if the fungal decay observed at the butt of standing dead 
trees of Lot New Brunswick I is related (and therefore can be used as indica
tor in salvage operations) to dbh (a property of trees easily measured), a 
series of statistical analyses were carried out using Linear Regression tech
nique :

1) dbh vs. outer advanced decay;
2) dbh vs. outer firm decay, and
3) dbh vs. inner advanced decay

The relationship was found to be significant only for the dbh vs inner advan
ced decay (P < 0.10).

The dead trees in Lot New Brunswick I were older than normal or defoliated 
trees by about 15 years. Some of the reasons could be 1) the older trees were 
preferred by budworms as hosts; 2) they had been less resistant to the physio
logical consequences of defoliation; and 3) some of the trees in the dead 
group had died as a result of aging.
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Lot Nova Scotia: Examinations on this lot were carried out on sections 
taken from normal, moderately defoliated, and severely defoliated trees. Dia
meter and area of the cross sections together with the growth ring counts are 
presented in Table 8. The ring counts indicated average ages of about 85 
years for moderately defoliated, 95 to 100 years for severely defoliated, and 
125 years for normal trees. The widest variability was exhibited by the nor
mal group.

Results of moisture content determinations are presented in Table 9 and 
Appendix III. Normal and 'moderately defoliated trees had moisture contents 
similar to that of normal trees of Lot New Brunswick I and also close to the 
values given in the literature.

The moisture content of sapwood was generally lower in the severely defol
iated group than in the normal and moderately defoliated groups. This sug
gests that moisture content is reduced in the sapwood as a result of defolia
tion. ihe moisture content retained in the sapwood of severely defoliated 
trees was on the average still above the range considered most favorable for 
optimum growth of wood decaying fungi.

A statistical analysis (Table 5) indicated that the difference in sapwood 
moisture content between normal and severely defoliated trees and also between 
the normal group and the combined defoliated groups was significant.

As with Lot New Brunswick I, there was no evidence of any effect on the 
rate of drying out due to height.

A one-way unbalanced analysis of variance and constrast testing on the 
moisture contents of the sapwood of normal and severely defoliated trees pro
vided signficant evidence that the moisture content was higher at the toD and 
butt of trees than in the middle section. The same test with moderately de
foliated trees gave no evidence for a moisture content variation with height.

Differences in sapwood moisture contents between the experimental 
did not seem to show any relation to the dbh or age of the trees.

groups
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Moisture content averages for heartwood were between 32 and 49 percent for 
all 3 groups, a range comparable to that of Lot New Brunswick I.

Examinations showed normal trees to be free of any type of fungal deteri
oration. Defoliated trees contained small amounts (less than 4 percent) ad
vanced and firm decay only in the inner portions of the butt section (moder
ately defoliated) or of the two lower sections (severely defoliated) (Table 
10).

The presence of inner decay (heart rot) found only on the defoliated trees 
was not related to the dbh's as these were very close to those of the normal 
trees. Neither can it be considered a result of aging, although heart rot is 
known to appear on older trees more frequently (by far the oldest trees in 
this lot were in the normal group). The moisture contents of heartwood were 
similar in all three groups. xhis leaves the possibility that the inner decay 
observed was related to budworm defoliation.

Lot New Brunswick II : Examinations of this lot were carried out on sec
tions taken from both ends of the second bolt (at about 7 and 13 feet from the 
ground) from the experimental trees (Figure 4).

Results of moisture content determinations together with number, diameter 
and area of the cross sections are presented in Table 11.

The moisture content of sapwood on dead trees averaged 88 percent, lower 
than that or normal and defoliated trees. Three out of seven trees had a sap- 
wood moisture content below 65 percent in both of the sections examined. The 
moisture content of heartwood was between about 33 and 43 percent in all ex
perimental groups.

Results of the examination on fungal deterioration are shown in Table 12 
and Appendix IV. The sections from normal trees were free of any type of fun
gal deterioration. The sections from defoliated trees contained little inn^r 
decay and traces of fungal attacx (firm decay and sapstain) on the outer por
tions. The sections from dead trees showed a moderate amount of decay and 
sapstain in the outer portions, ana traces of firm decay in the inner portions.
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Discussion and Conclusions

Moisture Content: Although the results of moisture content determinations 
would represent the conditions existing in the wood at the time of felling 
(November 1979), the information avaiable on seasonal variations in the mois
ture content of living spruce (Knuchel, 1930) and on the climate of the prov
inces indicate that they would represent a general trend and permit compari
sons between experimental groups and lots.

The results showed that heartwoods of all experimental groups had similar 
moisture contents: between about 33 and 60 percent, based on oven dry weight. 
These values were within the moisture content range generally considered most 
favorable for fungal growth and decay.

The sapwood of normal trees from all three lots had moisture contents bet
ween about 130 and 160 percent, closely corresponding with those given in the 
literature.

On defoliated trees the sapwood moisture content was found to be lower, 
reaching the 110-115 percent level in the central portion of severely defoli
ated trees from Lot Nova Scotia and about 100 percent on defoliated trees from 
Lot New Brunswick I. From the latter, 5 out of 26 trees examined had at least 
one sapwood area with a moisutre content less than 65 percent, the upper limit 
of the moisture content range considered most favorable for the growth of wood 
decaying fungi.

The sapwood moisture contents for most of the dead trees from Lot New 
Brunswick I (averages 36-58 percent), and for many of the dead trees from Lot 
New Brunswick II (average 88 percent) were within the range favorable for fun
gal decay.

Fungal Deterioration: The outer portions of the stems of all normal trees 
were free of fungal deterioration. Defoliated trees were either free of de
terioration as in Lot Nova Scotia or contained traces of it as in Lot New 
Brunswick I and Lot New Brunswick II, probably without affecting to a notic- 
aole degree the value of lumber produced.
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The outer wood of dead trees from Lot New Brunswick I, however, contained 
advanced decay to a large extent: 25 percent of cross section area at the 
butt end; about 15 to 20 percent at higner levels of the trees. Firm decay on 
dead trees covered 11—13 percent of all cross sections examined. Decay of 
this type, too, could be considered a defect in lumber and therefore affect 
the commercial value of sawlogs, although strength properties appeared not to 
be noticeably reduced.

Outer wood of dead trees from Lot New Brunswick XI (measured at 7 and 13 
feet) contained 15 percent decay (advanced and firm decay combined), a level 
considerably lower than that of Lot New Brunswick I.

Blue stain was detected only on trees from Lot New Brunswick I and II. It 
was usually a faint discoloration and difficult to distinguish from incipient 
decay. It mostly accompanied the outer type of decay, and was probably over
taken and concealed by advancing fungal decay. It was found in traces on de
foliated trees and reached maximally about 12 percent of the cross section 
area on dead trees of Lot New Brunswicx II.

Inner decay was present in all groups with exception of the normal groups 
of Lot Nova Scotia and Let New Brunswick II. It was generally insignificant 
and restricted to the lowermost sections, reaching i^s highest level, (about 
12 percent) in the butt sections of the dead trees of Lot New Brunswick I.

The presence of inner decay in the normal trees of Lot New Brunswick I may 
be explained by the fact that this group consisted of trees recovering from a 
budworm outbreak and still defoliatei by up to 20 percent. There may be a 
causal relationship between defoliation and development of inner decay.

Generally only two of the experimental groups, dead trees from Lot New 
Brunswick I and Lot New Brunswick II showed fungal deterioration to a degree 
and extent large enough for a substantial reduction in their value as raw mat
erial for the forest products industry to be anticipated. The impact Oi this 
deterioration on lumber and composition board production is the subject of in
vestigations dealt with in Parts IV a m  V.
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TABLE 1. - Number (N) of Lot New Brunswick I trees from which cross sections 
were examined their diameter with bark at breast height (Dbh) 
and degree of defoliation. Values are expressed as means — 
standard deviations.

N Dbh
inch (cm)

Defoliation
%

Normal 24 10.7±2.4 (27.2±6.1)
1

0

Defoliated 26 ' 10.9±2.7 (27.7±6.9) 77.7±11.1

Dead 26 10.8±2.3 (27.4±5.8) 100

For the degree of defoliation on normal trees see text.
1
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TABLE Z. - Number (N) of Lot Nova Scotia trees from which cross sections were 
examined, their diameter with bark at breast height (Dbh) and degree 
of defoliation. Values are expressed as means ± standard devia
tions .

N _____ Dbh______
inch (cm)

Defoliation
%

Normal 24 10.5±2.3 (26.7±5.8) 0

Moderately
Defoliated 24 10.512.3 (26.715.8) 49.117.8

Severely
Defoliated 23 10.312.3 (26.215.8) 84.815.3
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TA3LE 3. - Number (N) of cross sections from Lot New Brunswick I trees examined, 
their size (diameter without bark, and area), and annual ring 
count on the butt sections. Values are expressed as means ± 
standard deviations.

Group Sect.* N
Size. -King- Conn tDiam.

(cm)
Area
(cm2)

No. of 
Rings

Normal I 24 31.517.4 82 31359 22 83.4124.8
II 24 23.0±5.2 4351183 —

III 22 19.014.4 2971132 —
IV 5 17.212.3 2311 68 —

Defoliated I 26 31.717.7 8221408 25 86.0123.0
II 26 23.815.6 4591223 —

III 23 18.713.6 285*105 — —

IV 10 14.011.7 1561 37 —

Dead I 26 29.716.2 7241309 24 99.8135.3
II 22 22.914.4 427=172 —

III 22 18.513.9 279=119 —
IV 6 15.213.2 1871 80 —

1
Section (about 2 inches thick) were taken at points 12 feet apart, starting 
from the butt end (section I).

On five of the specimens decay interfered with the ring counts.
2
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TABLE 4.- Moisture content of Lot New Brunswick I trees based on ovendry weight. 
Values are expressed as means±standard deviations.

Normal De foliated Dead
Sect. N1 % N1 % N1 %

I S2 24 141.1±37.3 26 115.5139.0 26 58.2136.1
H 23 52.0114.5 26 45.7112.0 26 49.2120.0
p 23 55.0120.6 25 61.4127.5 25 60.1121.7

II S 24 137.9±32.2 26 103.5120.2 26 36.0114.4
H 23 38.91 7.5 26 36.71 4.3 26 33.01 5.9
p 24 39.21 5.0 26 39.21 8.1 25 36.6113.3

III S 22 140.8133.3 23 101.0128.5 21 45.H20.2
II 22 37.61 7.9 23 39.7124.1 21 32.71 6.5
p 22 36.51 6.3 23 39.0115.5 20 32.21 6.0

IV s 5 131.9158.4 10 98.1115.5 6 47.9121.2
H 5 50.4127.5 10 33.21 3.5 6 32.61 3.0
P 3 39.91 5.3 10 34.31 6.5 6 31.81 3.4

1
N, number of sections examined.

pS, sapwood; H,heart wood between pith and sapwood; P, pith area.
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TABLE 5. - Results (F-values) obtained in a series of analyses of variance 
applied to the data on moisture contents of sapwood in cross 
sections from Lot New Brunswick I (N.B.) and Lot Nova Scotia (N.S.) trees 
(Tables 3 and 9). Data were treated as results of various unbal
anced two-way factorial experiments.

Data Set Main effect 
Extent of Attack

Main effect 
Height

Interaction

N.B. full 184.2** 2.538 0.62

N.S. full 13.2** 4.297** 1.115

N.B.
normal and 
defoliated 40.87** 0.918 0.387

N.B.
normal and 
dead 342.2** 1.484 0.883

N.B.
defoliated and 
dead 192.9** 3.810* 0.608

N.S.
normal and 
moder. defoliated 0.147 2.41 1.93

N.S .
normal and 
sever, defoliated 20.62** 5.24 ** 0.774

N.S .
normal and both 
defoliated groups 
together 6.19** 2.96* 1.313

*,Significant at 95% level 
**,Significant at 99% level
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TABLE 6. - Fungal deterioration observed on cross sections of Lot New Brunswick I 
trees: Extent (expressed in percent of total section area) and
type. Values are expressed as means ± standard deviations.

Group Sect. N 1
Outer2 Inner2

Advanced
Decay

Firm
Decay

Blue
stain

Advanced
Decay

Firm
Decay

Normal I 24 0 0 0 3.9±14.8 1.5*4.1
II 24 o- 0 0 0 1.7±8.1

III 22 0 0 0 0.3-1.4 0.3-1.4
IV 5 0 0 0 0 0

Defoliated I 26 0.3± 0.9 0.2±0.9 0.8±3.5 1.3- 4.3 0.7-2.4
II 26 0.1± 0.6 0.2-0.6 0 0.1± 0.6 0.3-1.7

III 23 0 0 0 0 0
IV 10 0 0 0 0 0

Dead I 26 24.8-16.1 12.7-6.4 0.9-2.3 9.1±18.6 2.6±4.2
II 26 14.7±16.6 11.2-7.4 5.6-8.9 0 0.4*1.8

III 22 14.1-10.7 12.7-6.1 7.6-7.3 3.0±10.8 0.9-2.9
IV 6 19.7-19.7 11.2-6.9 CO

+i00orH 0 .6- 1.6 0

1
N, number of cross sections. For size of cross sections see Table

2
Outer—  defect is located on the outer portion of the cross section, but not 
necessarily limited to the sapx^ood. Inner—  defect is encased within the 
healthy wood and usually restricted to heartwood. This type of defect is 
frequently the result of fungal infection penetrating from the roots or from 
the larger dead branches where the heartwood was exposed.
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TABLE 7. - Results (F-yalues) obtained in a one-way unbalanced analysis of 
variance and contrast testing applied to the "dead" group of Lot 
New Brunswick I trees to test the effect of height in the tree 
on the extent of fungal deterioration.

Overall Linear Quadratic Top
Unique

Bottom
Unique

Outer Adv. 2.62 • 1.04 5.85* 0.07 6.38*

Outer Firm 0.32 0.07 0.03 0.12 0.32

Outer Saps tain 5.63** 12.75** 2.27 4.49* 15.35.**

Inner Adv. 2.69 2.06 2.94 0.46 7.17**

Inner Firm 2.83* 3.38 2.42 1.04 8.11**

^Significant at 95% level 
**Significant at 99% level
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TABLE 8.- Number (N) of cross sections from Lot Nova Scotia trees examined, 
their size (diameter without bark, and area), and annual ring 
count on the butt sections. Values are expressed as means ±
standard deviations.

Size Ring Count
Group Sect} N Diam. (cm) Area (cm^) N No. of 

Rings

Normal I 24 31.2±7.2 802±356 24 120.8161.1

II 24 23.1±4.9 4371185
III 21 19.8±4.3 3221136
IV 8 17.7±2.3 2511 62

Moderately
Defoliated I 24 29.0±6.8 6951317 24 80.9113.1

II 24 22.9±5.5 4341215
III 24 18.4±4.8 2851146
IV 12 16.0±3.0 2071 70

Severely
Defoliated I 23 29.816.0 7231283 22 2 92.7H4.1

II 23 22.7±5.0 4241181

III 21 19.413.7 3071115

IV 16 14.612.8 1741 67

Sections (2-3 inches thick) were taken at points 12 feet apart, starting 
from the butt end (Section I).

On one of the cross sections from the severely defoliated trees ring count 
could not be made.
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TABLE 9. - Moisture content of Lot Nova Scotia, trees based on ovendry weight, 
expressed as means ± standard deviations.

Moderately Severely
Normal Defoliated Defoliated *

Sect.
Sections
Examined

%
MC

Sections
Examined

%
MC

Sections
Examined

%
MC

I s 1 24 151.9±29.9 24 142.7135.6 23 129.6125.5
H 24 38.2± 5.1 24 39.7H0.4 23 38.01 6.2
P 24 42.9± 8.6 24 41.81 8.6 22 49.0H3.4

II S 24 128.9±37.4 24 134.6133.3 23 108.4131.5
H 24 36.3± 4.5 24 36.51 7.2 23 38.51 7.2
P 24 37.1± 4.6 24 34.91 2.4 23 41.4112.4

III S 21 133.8±41.6 24 143.4124.3 21 115.3133.8
H 21 35.51 4.9 24 37.81 7.3 21 35.41 9.7
P 21 34.81 2.0 24 34.61 3.2 21 36.01 4.0

IV S 8 166.7133.2 12 137.2125.9 16 123.1128.5
H 8 36.31 3.8 12 37.81 8.5 16 36.81 8.1
P 8 32.51 1.7 12 33.21 2.0 16 33.61 2.1

*S, sapwood; H, heartwood between pith and sapwood; P, pith area.
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TABLE 10. - Fungal deterioration in the ’’inner" portion of cross sections
observed on moderately defoliated and severely, defoliated trees 
from Lot Nova Scotia: Extent (expressed in percent of total section 
area) and type. Values are expressed as means ± standard deviations. 
N, number of cross sections1.

Group Sect. N Advanced
Decay

Firm
Decay

Moderately
Defoliated I 24 2.8± 6.0 2.6±5.7

II 24 0 0
III 24 0 0
IV 12 0 0

Severely
Defoliated I 23 3.5±10.4 1.2±3.3

II 23 2.7±10.0 1.0±3.8
III 21 0 0
IV 16 0 0

‘Normal trees and outer portion of defoliated trees were free of fungal
deterioration.



TA3LE 11. - Diameter, area and moisture c:r.tent of cross sections from Lot 
New Brunswick H trees (used in storage tests and in composite 
boards production).

Normal Defoliated Dead
N1 x ± s.d^ N - x ± s . d 1r N1 x ± s.d'r

Diam* (c m) 16 17.0± 3.0 16 15.4± 2.1 14 14.7± 1.9

Area (cm2) 16 226.4±§1.6 16 190.7±54.8 14 172.8±49.2

Moisture 
Content (%) S 16 147.8-21.0 16 137.2±34.8 14 88.3±44.8

H 16 35.9± 2.3 16 41.8±24.9 14 33.5± 4.7
P 16 35.4± 2.4 16 42.8±30.6 14 33.5± 4.7

*N, number of sections examined.

= standard deviations.^x ± s . d . means
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TABLE 12. - Fungal deterioration observed on cross sections of Lot New 
Brunswick II trees (used in storage tests and in composite 
boards production): Extent (expressed in percent of total 
section area) and type. Values are expressed as means ± 
standard deviations.

Group No. of
Cross Sections1

Outer2 OInner
Advanced

Decay
Firm

Decay
Blue
Stain

Advanced
Decay

Firm
Decay

Normal 16 0 0 0 .0 0

Defoliated 16 0 0.5±2.0 0.1± 0.5 2.018.0 1.315.3

Dead 16 4.6±7.2 10.419.5 11.8111.0 0 0.411.3

1For size of cross sections see Table 11.

2For explanation see footnote of Table
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Figure 1. View of the stand in New Brunswick from which "defoliated trees" 
were obtained for laboratory examinations and for the sawmilling 
study. Degree of defoliation on the spruces showed considerable 
variation in the stand.
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Figure 2. Sectioning of the experimental trees of Lot New Brunswick I and Lot 
Nova Scotia. Cross sections were examined in the Laboratory for
moisture and decay content and insect attack. Slabs from Lot Nova 
Scotia logs were used for composition board production.
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Figure 3. View of the stand near A;: le River in Nova Scotia, from which 
"severely defoliated" trees :efoliation 80 percent or more) were
obtained. Most of the servies on the stand could be placed into 
this category. Many of er.e 
dead.

zalsam firs present in the area were
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NEW BRUNSWICK II
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Figure 4 Sectioning of the experimental trees of Lot New Brunswick II. Sec
tions obtained from the ends of the second lowest bolt (used in the
composition board production) were examined in the laboratory for 
moisture and decay content and insect attack.
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Figure 5. Cross sections of a normal tree (left) and a defoliated tree of Lot 
New Brunswick I; the trees came from different stands in New Brun
swick. The normal tree contains firm decay (discolored inner por
tion in the lowest cross section). No indication for fungal deter
ioration is visible in the defoliated tree.
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Figure 6. Sections from two dead trees from the same stand (Lot New Brunswick 
I). Fungal deterioration (decay and fungal stain) in both trees
was of the ’'outer" type, penetrating from the periphery towards the 
center. The tree on the left shows areas of advanced decay, espe
cially in Section I (lowest in the picture), as well as decay as
sessed as firm (incipient). These trees can be considered to be 
representative for the dead group from New Brunswick.
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Figure 7. Cross sections of two dead trees from Lot New Brunswick I. The top 
and bottom sections of the tree on the left and bottom section of 
the tree on the right show firm decay in the outer portion. The 
bottom section of the tree on the left contains firm as well as ad
vanced decay in the inner portion.

Carpenter ant damage can be seen in the inner portion of the section 
at the lower left. The top left section shows a sawyer beetle tun
nel extending into the inner wood. Darkly stained ambrosia beetle 
galleries are present in the outer portion of the section at the 
lower right. All cross sections show a loosening of the bark which 
is characteristic of bark beetle attack.
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APPENDIX I. Ko is tare content. based on oven dry weight, 
of Lot New Brunswick I trees (from data 
presented in Table 1).
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Outer
Adv. Decay 
Firm Decay 
Sapstain

Inner
Adv. Decay 
Firm Decay

NORMAL DEFOLIATED DEAD

APPENDIX II. Type and extent of fungal deterioration in 
cross sections of Lot New Brunswick I trees 
(from data of Table 6).
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APPENDIX III. Moisture content, based on oven dry weight, 
of Lot Nova Scotia trees (from data presented 
in Table 7).
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NORMAL DEFOLIATED DEAD

APPENDIX IV. Type and extent of fungal deterioration in 
cross sections from Lot New Brunswick II 
trees (from data presented in Table 10).
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Part III

ENTOMOLOGICAL EXAMINATIONS 

INTRODUCTION

There have been a number of studies dealing with insect attacks on dead 
conifers in central and eastern Canada. They include the work by Richmond and 
Lejeune (1945) with fire-killed spruce in northern Saskatchewan; Belyea 
(1952a, 1952b) and Basham and Belyea (I960) with budworm-defoliated balsam fir 
in northern Ontario; Gardiner (1957) with fire-killed pine in northern Ontar
io; Gardiner (1975) with wind-damaged spruce and jack pine in northern Ontar
io; and Basham and co-workers (1974) with girdled balsam fir in eastern Cana
da. The studies by Gardiner and by Richmond and Lejeune deal almost exclu
sively with deterioration caused by insects; the other studies also consider 
the associated fungal decay. All these authors agree that insects play an im
portant role in the decay of dead and dying trees.

Basham and Belyea (i960) conclude that the wood deterioration occurring 
immediately after tree death is due to insect invasions. The resulting dam
aged wood is susceptible to decay fungi which account for all wood losses oc
curring more than two years after tree death. Bark beetles were found to car
ry into the tree both sapwood stain and rot fungi, while sawyer beetles pro
moted the spread of sap rot fungi. Basham and co-workers (1974) had similar 
conclusions. It was found that differences in the types and rates of fungal 
decay of fir in four areas in eastern Canada are probably due to climate and 
to differences in the intensity of attacks by bark and wood-feeding insects. 
Positive correlations were found between bark beetle and sawyer beetle popula
tions and sap rots, and between woodwasp oviposition and sap stains.

Since no study dealing with budworm-killed spruce is available, and in
sects evidently play a prime role in the biodeterioration of weak and dead 
trees, the incidence of bark and wood-boring insects in our samples was veri- 
ried. This allowed us to determine which insect species were responsible for 
the degradation of our sample trees.
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Methods

All entomological examinations were carried out on the tree sections in 
the laboratory. The nature and provenance of these samples has already been 
discussed in Part I. Each intact disc was visually examined to find insect 
entrance or exit holes, galleries, Trass, or insects. A chisel was then used 
to remove the bark from at least three areas on each disc. The chisel was al
so used to expose insect galleries within the wood. In addition to samples 
taken, a number of wood sections were kept to permit rearing of larvae and 
identification of species. .

At the time of the examinations, insects and insect-related damage were 
identified according to four broad insect groups or categories, namely bark 
beetles, ambrosia beetles, wood borers, and carpenter ants. Typical damage 
done by these insects is illustrated in Figure 7 (Part II). The damage (i.e. 
galleries in the cambial region and entrance or exit holes in the bark) due to 
beetles was given a value ranging from 0 (no bark beetle attack) to 6 (exten
sive gallery system, numerous entrance/exit holes, bark falling off easily).

A
ties ; 
leries

rating of 0 to 6 was used for assess 
damage consisted of entrance holes 
extending through the outer portion

ing the damage due to ambrosia 
in the bark and fungus-stained 
of the wood.

bee-
gal-

Ratings ot 0 to 6 were used for wood borer damage; two values were assign
ed, one ior the scoring in the cambial region and the initial tunneling in the 
outer wood, and another for the tunneling into the inner wood. Damage due to 
carpenter ants was assessed as the percentage of the section surface area hav
ing been damaged by the ants’ activities.

Because of the small sample size and the low levels of insect attacks 
found in most of the sections, statistical analyses of these ratings of attack 
intensity were not carried out. Instead, tables showing the incidence of the 
various insects as well as the presence of fungal defects were drawn up for 
each of the experimental groups. It was hoped that this would show if there 
i.3 a correspondence between insect attack and fungal decay. In addition, the 
intensity ct insect attacks along the height of the trees for the most heavily 
nttackea group (dead Lot New Brunswick I trees) was examined to determine what 
part or the standing tree is most likely to be affected by insects.
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Results

All bark and wood deteriorating insects identified belonged to one of the 
four broad insect groups used, namely bark beetles, ambrosia beetles, wood 
borers, or carpenter ants.

Bark beetles were collected from both the Lot New Brunswick I and the Lot 
New Brunswick II specimens. One species caused most of the damage, namely 
Polygraphus rufipennis (Kirby). This species usually attacks dead or dying 
spruce, though other conifers are also susceptible (Bright 1976). A few other 
bark beetles were found and were identified as Crypturgus spp.; these are not 
important factors of deterioration since they only infest the galleries which 
have already been made by larger bark beetles.

Ambrosia beetles were identified as Trypodendron lineatum (Olivier). 
Their galleries were found in the dead Lot New Brunswick I and Lot New Brun
swick II trees.

Most of the wood borers found were roundheaded borers (cerambycids). Saw
yer beetles (Mcnochamus spp.) were the most prevalent, especially the white- 
spotted sawyer, soutellatus (Say). A few larvae belonging to the genus
Tetropium were also present. Two of the dead Lot New Brunswick I trees had 
suffered heavy attack by Melandryid borers (Serropalpus sp.), while a few of 
the defoliated trees were infested by weevils (Pissodes spp.)

Carpenter ants were identified as Camponotus herculeanus (L.).

Results obtained for the Lot New Brunswick I, Lot Nova Scotia, and Lot New 
Brunswick II specimens follows.

Lot New Brunswick I :

Results are summarized in Table 13. Two of 24 normal trees were infested 
by both carpenter ants and inner decay fungi. The carpenter ants are not con
sidered as playing a role in the introduction of inner decay fungi; four other 
trees had inner decay but no ant infestation. In one tree, wood borer tunnel
ing was present and extended into the inner wood.
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Araong the 26 defoliated trees, two were infested by carpenter ants; these 
trees showed inner decay, but inner decay was also found in three trees with
out ant damage. Wood borer galleries and fungal defects were found in the 
outer wood of two trees; one of these trees also had bark beetle damage.

Heavy insect attacks were noted on all 26 dead trees. All had sustained 
bark beetle damage and outer wood decay. Nineteen trees had ambrosia beetle 
galleries which extended 2-3 cm into the wood. Wood next to ambrosia beetle 
galleries always showed signs of decay. Wood borer damage was found in 14
trees and the tunnels often went into the inner wood. Carpenter ants were 
present in 2 trees.

Lot Nova Scotia:

Results are given in Table 14. All 24 normal trees appeared free from 
both insect and fungal attack. Of the 24 trees which had suffered only moder
ate budworm defoliation, the only insects found were carpenter ants in one 
tree. This tree, as well as 7 others, had inner fungal decay. Among the 23 
severely defoliated trees, 2 trees had been attacked by wood borers. Two 
trees were infested with carpenter ants.

Lot Lew Brunswick II

Taole Id summarizes the results. Normal trees showed no fungal defects.
However, c Oi the 8 trees had wood borer damage in the cambial layer; some

wer~ be0u.nning to mine into the wood. Sapsucker damage was noted on 
one tree.

The defoliated trees were free of borer damage. One of the 8 trees had 
been attacked by bark beetles; this tree also had incipient (firm) outer de- 
cay. No other tree in this group had signs of outer decay.

Only one of the 7 dead trees was free of both insect and fungal deteriora
tion. The 5 trees infested by bark beetles all showed outer fungal defects; 
such defects were not seen in trees free of beetle attacks. Wood borer damage 
was present in 5 of the trees and often extended into the inner wood.
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Discussion

Carpenter ants contributed little to the deterioration of the wood. Only 
trees wioh advanced inner decay are attacked, so damage is due to the fungi 
and not to the ants. Ant attack was not directly related to budworm defolia
tions. For example, Lot New Brunswick I specimens showed that two of the 24 
trees were infested by ants in each of the normal, defoliated and dead experi
mental groups.

Of a total of 170 trees examined, 33 had been attacked by bark beetles; 
all these trees also showed signs of outer decay. Only two trees were report
ed as having outer fungal defects (one with outer decay and the other with 
stain) but no evident sxgns of bark beetles. A close correspondence exists 
between the bark beetle attacks and the development of outer fungal defects.

Ambrosia beetles were present in 4 of the 7 dead Lot New Brunswick II 
trees ana in 19 of the 2b dead Lot New Brunswick I trees. Since ambrosia bee
tles depend upon the growth of fungi in their galleries for nourishment, it is 
not surprising that wood decay always accompanied these tunnels.

wood sorer attack was found in several groups, including some defoliated 
and normal trees. These attacks on apparently normal trees can indicate that 
these trees had previously been stressed or that sawyer beetle populations 
have reached very high levels in the study areas. The periphery of the larval 
tunnels in the wood was usually clear of fungal stain or decay. Thus although 
these holes are an obvious sign of insect damage, they may contribute little 
to the initial decay. Basham and Belyea (I960) have noted that sawyer beetle 
activity did not appear to affect the deterioration of wood during the first
year following tree death; subsequently, the sawyer beetle tunnels permit the 
spread of decay.
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The results for the dead Lot New Brunswick I trees were analyzed to deter
mine which portion of the standing tree is most susceptible to insect attack. 
Results are presented in Table 16 and in Figure 8. Bark beetle attack occured 
along the entire length of the tree: 21 of the 25 trees had been attacked at 
a height of 1 foot (0.3 ni) and 4 of 5 specimens were attacked at a height of 
3/ feet (11.3 ra)• Ambrosia beetle galleries were found primarily in the lower 
portion of the tree: 14 of the 25 samples from 1 foot were damaged compared 
to 1 of 5 specimens at 37 feet; this difference is statistically significant 
at the 7 percent level. Only 5 of the 25 trees were attacked by wood borers 
at a height of 1 foot, whereas 4 of the 5 specimens were attacked at 37 feet, 
indicating clearly that the borers focus their attacks on the upper trunk por
tions.

Insects play an important part in the deterioration of budworm-defoliated 
spruce. Since the death of defoliated trees is staggered over time, popula
tions of bc.rk beetles, ambrosia beetles and wood borers can build up in the 
first trees uc die. As their populations increase, these insects can be ex
pected to attack living defoliated trees; some damage to living trees by bark 
beetles ana wooa borers was seen in a few of our specimens. Studies using
i. xre-^ixled, wind-blown, or girdled trees can yield valuable results on the 
ceterioration o: trees. However, results obtained from such studies should be 
extended to budworm-defoliated trees with caution, since the populations of 
insects can be expected to react differently in each of these situations.

Further studies should aim to examine the changes in bark and wood- 
destroying insect populations as budworm defoliation progresses. Monitoring 
Oi insect popluations and damage could then be used as an index in estimating 
t-,e s^ate of tree deterioration and assist in making salvage decisions.
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Table 13. Incidence of insect attacks and presence of fungal defects 
in lot New Brunswick I trees.

Experimental
Groups

Number 
of Trees

Insect Groups Fungal Defects1

Bark 
Beetles

Ambrosi a 
Beetles

Wood
Borers

Carpenter
Ants

Outer Inner

Normal 2 X X
1 X X
3 X

18
Totals : 24 1 2 6

Defoli ated 2 X X
1 X X X
1 X X
1 X
3 X

18
Totals : 25 1 2 2 3 5 .

Dead
1 X X X X X
1 X X X X X X
6 X X X X
3 X X X X X
3 X X X
6 X X X
3 X X X X
2 X X X
1 X X

Totals : 26 26 19 14 2 26 10

For definitions, see Part II.i



Table 14. Incidence of insect attacks and presence of fungal 
defects in Lot Noya Scotia créés.

Experimental
Groups

Number 
of Trees

Insect Groups Fungal Defects1

Wood
Borers

Carpenter
Ants

Outer Inner

Normal
24 .

Moderately
Defoli ated

1 X X
7 X

16
Totals: 24 1 3

Severely 1 X
Defoliated 1 X X X

1 X X
3 X

17
Totals : 23 2 2 5

1For definitions, see Pant II•
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Table 15. Incidence of insect attacks and presence of fungal 
defects in Lot New Brunswick II trees.

Experimental
Groups

Number 
of Trees

Insect Groups

Bark Ambrosia Wood
Beetles Beetles Borers

Fungal Defects1

Outer Inner

Normal 2
6

Totals : 8

Defoliated
1 X
1
6

Totals: 8 1

Dead
1 Xoo X
1 X
1
1

Totals : 7 5

X

2

X
X

1 1

X X X X
X X X

X
X

4 5 5 1

l For definitions, see Part II.
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Table 16. Incidence of insect attacks in sections taken 
at different heights from dead trees (Lot New 
Brunswick I).

Height of 
Sections

No. of Sections 
Exami ned Bark 

Beetles

Insect Groups

Ambrosi a 
Beetles

Wood 
Borers

1 foot (0.3m) 25 21a2 142? 5a
13 feet (4.0m) 26 24a 14 b 5c
25 feet (7.6m) 21 19a 6b 10 d
37 feet (11.3m) 5 4a 1 b t\e

2Values followed by the same letters in a column are not significantly 
different (p<0.05). (See text).
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Figure 8. Percentage of dead Lot New Brunswick I trees 
attacked by the 3 major groups at 4 different 
stem heights.
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Part IV

SAWMILLING STUDY

Introduction and Summary of Results

Log samples were bucked from three quality categories of spruce trees from 
Nova Scotia and New Brunswick. Information on the source of trees and on the 
six experimental groups referred to as quality categories is presented in Part 
II. Moisture content and extent of deterioration and described in Part III. 
Sawmilling terms are defined in Appendix I.

Logs from the three Nova Scotia quality categories referred to as unaf
fected, moderately defoliated, and severely defoliated were porcessed at the 
sawmill in Parrsboro owned by C.E. Harrison and Sons. They consisted of 
healthy living trees unaffected by budworm, trees averaging 49 percent defoli
ation, and trees averaging 85 percent defoliation. In New Brunswick, logs 
from three quality categories entitled unaffected, defoliated, and dead were 
processed in Boiestown, at Ashley Colter 1961 Ltd. The defoliated category in 
this province consisted of trees averaging JS percent defoliation. The dead 
category excluded only those which appeared as though they would break apart 
during harvesting.

The purpose of the sawmilling study was to determine whether spruce 
budworm-affected timber could be used for lumber production and to obtain a 
measure of the effect of the different degrees of attack upon sawmill process
ing rates, lumber recovery, lumber quality, and lumber value.

It was found that sawing patterns remained unchanged for all quality cat
egories and processing rates were not affected. Lumber recovery from the mod
erately defoliated, defoliated, severely defoliated, and dead categories was 
reduced 1.9, 2.7, 3.0, and 6.7 percent, respectively. Budworm-causec lumber 
defects were not extensive enough to cause downgrading of lumber produced from 
the moderately defoliated category. Downgrading occurred in 2.2, 3*4, and 
39.5 percent of the lumber produced from the defoliated, severely cefolia-
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ted, and dead categories. This downgrading respectively reduced the value per 
thousand board feet of lumber produced, by $1, $2, and $46.

The results of this investigation show that logs from partially defoliated 
trees can be processed without affecting sawing rates and with little effect 
upon lumber recovery. Mill production was not significantly reduced, and 
budworm-caused damage had little effect on the lumber grades and value recov
ered .

Logs from trees which have been killed by budworm defoliation can also be 
processed without affecting sawing rates. However, these logs are likely to 
contain significant damage by secondary insects and decay which will reduce 
the quantity and quality of lumber produced. In this study, the poorer lumber 
recovery and grade recovery from logs in the dead category resulted in a 21 
percent reduction in the product value.



METHODSMATERIALS ALS

Log Sample

The sample trees from each quail"; category were bucked into logs 12 feet 
4 inches in length. Uniform log leng-.rs were chosen to eliminate differences 
in sawmill productivity and recovery associated with processing random lengtn 
logs. The logs produced were color :::ed and numbered to identify diameter 
class, tree quality category and positi:r. within the stem.

In Nova Scotia, a total of 141 legs were selected from those produced by 
the bucking operation. Sample logs .ere evenly distributed in each of the 
three quality categories, with sever li-s in each diameter class from o to 10 
inches and six logs in each of the 11 i n  12 inch diameter classes. Difficul
ties were experienced in locating a sufficient number of large trees in the 
severely defoliated quality category. The scarcity of these in the cutting 
area where trees were being selects: re:aired the number of logs in each of 
the 11 and 12 inch diameter classes : : be reduced to six. To maintain uni
formity between quality class samples the same number of logs were accepted 
in the ether two quality categories.

In New Brunswick, only 120 logs .ere selected for the log sample. The 
seven-log requirement was met for earn. :f the diameter classes from 6 to 10 
inches. Since large diameter dead trees were scarce, we had to combine the 
11- and 12-inch diameter classes ir.t: a single class containing five logs in 
each of the quality categories under investigation.

Logs in each combination of diameter class and quality category were sel
ected to represent a distribution zz It g positions within tree stems similar 
to that achieved during commercial -harvesting. In the smaller diameter class
es, more second and third logs were selected than butt logs. Tnis trend v.as 
gradually reversed as log diameter tie it increased.

The combination of log position 
dix II. This mixture was necessar.- 
since budworm-attacked trees de::, 
height, with the top generally affe:

oiameter class is presented in Appea
se log origin can affect log quality, 
and die differentially along their 
irst.
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Selected sample logs were grouped by small end diameter class and quality 
category. Inside bark diameters and log lengths were measured to the nearest 
tenth of an inch and inch respectively. This permitted calculation of actual 
log volume using Smalian’s formula. Following diameter measurements, log ends 
were painted to identify the different diameter classes and quality categories.

Processing Rates

Although logs from each combination of diameter class and quality category 
were processed as batches, log sawing times were measured individually.

±n Nova Scotia, only the headsaw processing rate was evaluated, while in 
New Brunswick both headsaw and sash gang resaw sawing rates were measured. 
These work stations were evaluated because any reduction in their processing 
rates has a direct impact on sawmill production. The board edger rates were 
ignored since these work stations could accommodate any added workload created
by the processing ot budworm attacked material, without reducing sawmill pro
duction.

ducticn
lumber produced from each 
oc enable subsequent lumber

batch was segregated from normal mill 
volume measurements and grading.

pro-

Lumber Grading

number produced from our samples was planed to increase the visibility of 
aefects. Following planing each piece was graded by the mill grader. The 
green dressed and grade stamped lumber was then carefully regraded by Mr. Eric 
Chapman, Grading Administrator for the Maritime Lumber Bureau (MLB). With as
sistance from MLB regional representatives, Mr. Chapman assigned an additional 
two grades to each board.

Th 0

all the 
from the 
crepancy

iirst grade assigned by the MLB was the actual grade of the piece with 
defects considered. The second grade ignored defects which resulted 
respective degrees of damage resulting from budworm attack. Any dis- 
between these two grades represented degrade due to budworm.

the
Reasons for 
mill grader

dif ferences 
were noted.

between the actual grade and the grade assigned by 
Grader errors were subdivided into those caused
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by inappropriate evaluation of the effect of budworm caused defects and those 
resulting from the misjudgement of other defects.

Lumber Values

To permit accurate measurement of the value loss associated with the lum
ber degrade, lumber values were required for each combination of lumber grade 
and lumber dimension produced. The MLB supplied a price structure, which af
ter discussion was expanded to the lumber values presented in Appendix III. 
Modification of the price structure permitted the segregation of grade No. 1 
from grade No. 2 and the "Construction" grade from the "Standard" grade. Al
though these grades are usually marketed together, their segregation permits 
better evaluation of the effect of lumber degrade.

After discussion with MLB and a number of sawmill owners, the price for 
No. 1 and "Construction" was set 10 percent higher than the price obtained for 
the combined grades. This added value was felt necessary to cover tne extra 
costs involved in segregating them.
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RESULTS

Processing Rates

Material processing rates were determined for the equipment which control
led production. It was not necessary to study the edger at either mill. Ed- 
gers had sufficient productive capacity to accomodate any potential added 
workload resulting from the budworm attacked timber, without reducing mill 
production. The Nova Scotia productivity investigation was therefore restric
ted to the circular headrig. In New Brunswick, processing rates were deter
mined for the sash gang saw as well as the circular headsaw.

At each mill, sawing rates were calculated from five to seven log sub
samples in each of the log quality and log diameter class combinations. Head- 
saw processing rates are presented in Tables 1 and 2 in units of gross cubic 
feet per minute (gcf/min). Sash gang sawing rates, in linear feet per minute 
(ft/min), are compared in Table 3.

Since the Nova Scotia sawmill lacked resaw facilities, every log had to be 
totally sawn by the headrig. In each of the three quality categories, the 
headsaw showed nominal productivity improvement with increasing log diameter. 
Within each diameter class, small differences occurred between the average 
sawing rates achieved by the three quality categories. None of the categories 
exhibited consistently better rates than any of the others.

Average processing rates for each quality category were calculated from 
the total log volumes and sawing times. Since big logs represent a large pro
portion of the total log volume, their sawing rates had more bearing upon the 
average processing rates. The minute differences between these average pro
cessing rates in Table 1 indicate that the logs from budworm-affected trees 
had negligible affect upon production at the Nova Scotia mill.

Tne headsaw at the New Brunswick mill had higher productivity because cant 
breakdown was performed by the sash gang saw. The sash gang saw allowed 
greater flexibility in the amount of sawing performed by the headrig, which
resulted in more variation in the determined sawing rates. Some of the log 
diameter classes in Table 2 showed substantial differences between the average



60

sawing rates of the different quality categories. However, these differences 
were insignificant compared to the variation in individual log sawing rates 
within each of the 18 sub-samples. Sawing times for logs of the same diameter 
and quality often varied by a factor of 2 because the headsaw removed substan
tial amounts of lumber from some, while only slabbing others. This variation 
within sub-samples was just as extensive in each of the unaffected log diame
ter classes as in log batches from the other two quality categories.

In the dead category, normal sawing rate improvement with increasing log 
diameter was disrupted by. a sawyer change. The three log samples processed by 
the replacement sawyer achieved poor sawing rates compared to other diameter
batches in this category. it appeared as though he was extra cautious when 
sawing our sample material.

Similarly, the original sawyer was very slow and cautious when he started 
sawing our sample logs. Only after all the logs from the unaffected trees had 
been processed did he overcome this inhibition and return to his normal sawing 
pace. There were no other visible differences between the sawing of logs from 
unaffected and attacked trees. Therefore, we can only conclude that the aver
age processing rate for the unaffected logs was less that the rate for logs 
fro... ="e“ trees because the sawyer was more cautious when sawing this 
first se. or sample logs. Likewise, the average processing rate achieved with 
the deal category was slightly lower than the defoliated category as a result 
of a change in sawyers.

We expected some of the logs from the budworm-killed trees to break apart 
curing sawing and cause conveying and processing problems which would reduce 
productivity. This did not occur. All logs were sufficiently sound to remain 
intact even during processing by the sash gang saw. Table 3 shows that any 
discrepancy between the sash gang rates achieved with the different quality 
categories was insignificant. The sawing rate of the unaffected sub-samples 
averaged 27 ft/min with a standard deviation of 3.1 ft/min. When the attacked 
and deaa sub-sample rates were added to the data from unaffected trees, the
average sash gang processing rate remained at 27 ft/min with a standard devia- 
tion of 3*2 ft/min.
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The quality of the sample logs from trees attacked and killed by budworm 
were visibly poorer than logs bucked from unaffected trees. Yet decay in the 
dead material was not extensive enough to result in processing delays. Qual
ify dix Terences did not alter sawing patterns or affect sawing rates. Bud— 
worm-affected trees, with damage restricted to the extent encountered, can be 
processed at the same rate as logs from unaffected trees.

Lumber Recovery

ihe lumber recovery factor (LRF) and percent lumber recovery were calcula
ted by log diameter class for each quality category. Results for the two 
mills studied are presented in Tables 4 and 5.

The number of log diameter classes and quality categories processed at 
each mill restricted the sample log volume which could be sawn in each combin
ation or size and quality. Since lumber recovery is affected by numerous pro
cessing variables as well as these two controlled parameters, the recovery 
achieved from each combination of log size and quality showed substantial var
iation a...6. few trends. Any error by the sawyer, edgerman, or trimmermen, re
sulting in -ne production or slightly less lumber, substantially changed the 
recovery : ros the small volume of wood which was processed in each of the 39 
different log size ana quality categories. Consequently, the relationships 
were not consistent between log diameter classes within each quality category, 
or between quality categories within log diameter class. Only by calculating 
ohe a/erage recovery, irom the total log volume sawn in each quality categorv, 
does the relationship between severity of budworm attack become apparent.

In Nova Scotia the recovery achieved with logs originating from unaffect
ed, moderately defoliated, and severely defoliated trees was respectively 48, 
47.1, cine 46.7 percent. The 1.3 percent difference between the unaffected and 
severely attacked categories is negligible. Recovery variation as a result of 
normal sawing variation and operator misjudgement is usually greater.
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Even at the New Brunswick mill, where the logs originating from budworm 
killed trees exhibited visible rot, the affect of this degradation upon recov
ery was minor. The recovery achieved from the defoliated and dead categories 
was only 1.6 and 3.6 percent lower than the recovery from unaffected trees.

Head pressure on the New Brunswick mills’ rosser head debarker was appro
priate for the sound logs from unaffected trees, but excessive for the budworm 
affected logs which contained rot. Logs from defoliated and dead trees conse
quently suffered wood losses during debarking. These losses could have caused 
the small differences in recovery.

In general, the differences between the recovery obtained from the Nova 
Scotia quality categories was negligible. Recovery losses found in the New 
Brunswick study were more substantial, but limited. Since few budworm-caused 
defects had to be removed during lumber production, trimming or edging of the 
budworm-affected material was not noticeably increased. Wood losses at the 
debarker probably resulted in the recovery losses which were observed in New 
Brunswick.

Grace Recovery

Lumber from moderately defoliated Nova Scotia trees had occasional insect 
holes, ana minor amounts of fungal decay. None of these occurences were ex
tensive enough to result in downgrading of lumber from logs in this category. 
Downgrading of lumber as a result of budworm-caused defects occurred only in 
the severely defoliated category. In addition to the defects found in moder
ately defoliated trees this lumber contained blue stain and decay. However, 
the limited extent of these defects resulted in grade losses in only 3.4 per
cent of lumber. Table 0 shows that 1.7, 1.4, and 0.3 percent were respective
ly downgraded one, two, and three grades. This small amount of degrade due to 
budworm was 01 little consequence. Almost as much lumber from this category 
was misgraded by the mill.

Figure 1 presents the percentage of sample lumber volume misgraded by the 
respective mill graders. The grader at C.E. Harrison & Sons (Nova Scotia) had 
little budworm degrade to contend with and performed very well. He inappro
priately graded only 1.4 percent of the lumber in our unaffected sample and



63

2.2 percent in each of the other two quality categories. Except for 0.7 per
cent of the lumber from moderately defoliated trees, which was overgraded by 
two grades, errors were restricted to a single grade. Less than two percent 
of our total lumber sample in Nova Scotia was misgraded and errors were well 
balanced between overgrading and undergrading.

In New Brunswick, only 2.2 percent of the lumber produced from defoliated 
trees was downgraded due to budworm-caused defects. Again, this limited 
amount of budworm grade loss was insignificant. Less lumber was degraded by 
budworm than mistakenly downgraded by the mill.

The only quality category to exhibit substantial downgrading due to bud
worm was the New Brunswick trees killed by budworm defoliation. Nearly forty 
percent of the lumber produced from this category was downgraded. Grade loss
es were only occassionly the result of grub holes. Usually downgrading resul
ted from fungal decay which occurred after tree death. Table 6 shows that 
12.4 percent of the lumber produced was damaged enough to cause a loss of 
three grades. Two grades were lost by 18.5 percent of the lumber and another 
8.5 percent dropped a single grade.

The severity of the budworm-caused damage in the lumber produced from 
these dead trees resulted in substantial error by the Ashley Colter (New Brun
swick) mill grader. He improperly evaluated budworm-caused defects in 7.4 
percent of the lumber and other defects on another 6 percent of the lumber. 
The misjudgement of defects not resulting from budworm were fairly well balan
ced between overgrading and undergrading with only a slight tendency towards 
overgrading. In contrast, the errors in evaluating budworm-caused defects 
were almost entirely biased towards overgrading. Five percent of the lumber 
was overgraded by one grade and 1.7 percent by two grades. Overestimation of 
the effect of budworm defects was restricted to undergrading less than one 
percent of the lumber by a single grade.

It appears that unfamilarity with budworm-killed lumber decreased the ac
curacy of the mill grader in New Brunswick. The increased frequency of beetle 
and decay defects in the defoliated and dead categories required increased 
evaluation time on some boards. Since the grader must keep pace with the 
planer, the duration of observation which could be allocated to other boards
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decreased, resulting in increased miscalculation. Consequently grader errors 
occurred with 5.6 and 13.4 percent of the lumber from defoliated and dead 
trees. Although misgrading was excessive, we feel that grader errors could be 
reduced to acceptable levels as familiarity with budworm-caused defects im
proved .

The distribution of lumber dimensions produced by the three quality cat
egories at each mill are presented in Table 7. Lumber sizes are important, 
because like grade they affect the value of the lumber produced. The values 
used in this report are presented in Appendix III by dimension and grade.

At both mills, about three-quarters of the production was dimension lum
ber. New Brunswick defoliated trees were the exception. Dimension lumber ac
counted for only 6? percent of the nominal lumber volume produced from the 
logs in this cateogory. The difference was an increase in the percentage of 
light framing produced. While both sawmills produced similar amounts of di
mension lumber, the New Brunswick mill produced twice as much light framing 
and half as much one-inch lumber as the Nova Scotia mill.

The lumber sizes and grades recovered from each quality category can be 
relate- in Appendix IV. Lumber grade recovery is summarized in Table 8. 
Since budworm degrade in the Nova Scotia material was limited to 3*4 percent 
of the lumber produced from the severely defoliated trees, little difference 
exists between the grade recovery of the three quality categories. Discrepan
cies in the lumber sizes produced and the grades recovered are the result of 
normal quality variation between logs. Tree taper and the frequency of natur
al defects, such as knots, shake, bark pockets, and compression wood, ulti
mately affect the lumber grade recovery. The normal variability of wood makes 
it difficult to duplicate log quality between samples.

In New Brunswick, 88 percent of the lumber from unaffected trees was no. 1 
and 2 or construction and standard (CNS). Similarly, 84 percent of the lumber 
from defoliated trees was no. 1 and 2 or CNS. Only 51 percent of the lumber 
from dead trees achieved these grades. The downgrading due to budworm was 
manifest in the high percentages of low grade lumber produced. One-third of 
the lumber in this category was no. 3 dimension lumber or utility grade light 
framing. Another 16 percent could be sold only as economy lumber.
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Lumber and Log Valuation

The sample lumber produced at each mill was graded three times. Once by 
the mill grader and twice by the MLB. The actual grade was determined by the 
MLB following close observation of each piece. The second grade assigned each 
board by the MLB was an evaluation of board quality ignoring any downgrading 
attributable to defects resulting from the respective categories of budworm 
damage.

A valuation of the lumber produced by each category has been performed on 
the basis of the three different grades which were assigned. These values, in 
dollars per thousand board feet ($/MFBM), are presented in Table 9 for compar
ison.

The differences between the lumber values attained by the three categories 
at each mill when budworm defects are ignored are the result of variation in 
the dimensions produced and the frequency of the natural defects. Similarly, 
differences between the actual values obtained by each quality category are 
due tc dimension distributions, natural defects and budworm-caused defects. 
Comparison of the value (budworm defects ignored) and lumber value (actual) of 
each category allows direct evaluation of the effect of budworm degrade.

Mill lumber values, calculated from the grades assigned by the respective 
mill graders, have been included to enable determination of the extent to 
which grader error affects lumber value and to provide an additional basis for 
determining the significance of other value losses. The change in lumber val
ue due to grader error is the difference between the actual value and the mill 
value, in each quality category.

The lumber produced from New Brunswick defoliated trees was worth 
$291/MFBM. If the defects caused by budworm in 2.2 percent of the lumber had 
not existed, the value of this lumber would have increased to only $292/MFBM. 
Likewise, a $2/MFBM value loss resulted from budworm downgrading of 3*^ per
cent of the lumber from Nova Scotia severely defoliated trees. These small 
losses of value in the lumber produced from budworm-attacked timber were in
significant. Greater differences in lumber value occurred as a result of mill
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grader error. In the New Brunswick defoliated category, where budworm degrade 
resulted in a loss of $1/MFBM, grader error on 5.6 percent of the lumber re
sulted in a $4/MFBM loss in lumber value.

Mill graders inappropriately graded between 1.4 and 13.4 percent of the 
nominal lumber volume produced from each of the six quality categories. The 
poorest grader performance occurred with lumber from budworm killed trees. 
Misgrading of 13.4 percent of the lumber caused a $6/MFBM fictitious inflation 
in mill lumber value. This amounted to only a 2.4 percent difference from the 
actual lumber value. Like•downgrading in budworm-attacked timber, the effect 
of grader error upon the value of the lumber produced was limited. Small dif- 
ierences in tne extent of natural defects and the dimension distributions pro
duced from the three samples at each mill, resulted in larger variation bet
ween these samples than the variation within each due to grader error or bud
worm defoliation.

Only death due to budworm and the subsequent degradation which took place 
resulted in significant lumber value losses. The lumber produced from dead 
trees was worth only $249/MFBM. This is 16.4 percent less than the $298/MFBM 
value or lumber from unaffected trees. Little difference in the lumber value 
or these two quality categories can be attributed to differences in the sam
ples. Discrepancy between their lumber values ignoring budworm caused defects 
was limited to $3/MFBM, or 1,0 percent. Therefore, the lumber from dead trees 
was worth $46/MFBM, or 15.4 percent, less than the lumber produced from unaf
fected trees, as a direct result of lumber downgrading by budworm-caused de
fects.

Resource values can be determined for our log samples by incorporating the 
lumber recovery information with the lumber value data and assuming that there 
were no differences between the production costs for the various log qualities 
processed. These values, in dollars per gross cubic foot ($/gcf), are pre
sented in Table 10 in the same iormat as the lumber values. They do not re
present the true value of logs, but rather the value of the products produced 
in terms of log resource utilized.

Comparison or tne various values in each quality category allows interpre
tation of the affect of the same parameter discussed previously. The relative
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change in value resulting from budworm degrade or grader error in a particular 
quality category will not differ substantially. However, differences between 
the actual resource values of the six categories are no longer limited to dis
crepancies in lumber dimensions and quality. These resource values include 
the effect of any variation in recovery from the different quality categories.

The difference between the actual value and the value of logs from dead 
trees, budworm damage discounted, is still 15 percent of the value of unaffec
ted logs. Yet their actual resource value of $1.49/gcf is 22 percent lower 
than the value of a similar sample of logs from unaffected New Brunswick 
trees. Since there was only a one percent difference between the values (bud
worm damage discounted) of the lumber produced from these two sample categor
ies, the additional five percent loss in resource value results from the poor
er lumber recovery achieved with logs from dead trees.

Therefore the logs from budworm-killed trees were worth 22 percent less 
than similar logs from unaffected trees. Fifteen percent difference can be 
attributed directly to lumber downgrading as a result of defects due to degra
dation following death. The remainder occurred mainly because of the reduced 
recovery achieved with logs from budworm-killed trees.

In comparison, the resource value of logs from Nova Scotia moderately de
foliated trees was only four percent lower than the province’s unaffected 
logs. Only about half of this difference was due to the reduced recovery and 
none of the lumber produced suffered downgrading due to budworm-caused de
fects. This small loss in resource value was mainly the result of variation 
between the distribution of dimensions produced by the two samples.

Similarly, logs from defoliated trees in New Brunswick were worth five 
percent less than unaffected logs from that province. About half of this loss 
was caused by reduced lumber recovery. Less than one percent could be attri
buted to lumber downgrading due to budworm. The rest of the value difference 
occurred because the lumber in this category consisted of a large percentage 
of studs, whereas the unaffected lumber contained a greater proportion of more 
valuable dimension lumber.
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The Nova Scotia severely defoliated trees produced logs valued eight per
cent less than logs from unaffected trees. Reduced lumber recovery resulted 
in a difference of less than three percent and only one percent could be di
rectly related to budworm defects in the lumber. Half of this discrepancy in 
value was caused by normal variation in sample log quality and differences in 
the lumber dimensions produced.
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DISCUSSION

Differences in log quality between the unaffected categories and the vari
ous degrees of budworm defoliation were not substantial. Considerably poorer 
quality was experienced only in logs from dead trees. Reasonable judgement 
was used in the selection of dead trees to exclude those with decay so far ad
vanced that they would break apart during harvesting. Although the sample
logs produced from dead trees contained considerable sap rot and some advanced 
decay, they were all sound enough to be processed without pieces breaking off 
and jamming conversion or' conveying equipment. The reduced quality of the 
logs from trees either partially defoliated or killed by budworm did not re
sult in processing delays. They also did not affect sawing habits or pat
terns. Consequently, processing rates at the two mills were not altered by 
the differences in log quality encountered.

Sawing patterns at each mill remained unchanged for the three qualities 
processed. Furthermore, few budworm-caused defects had to be removed during 
lumber production. Therefore, edging or trimming of lumber from budworm de
foliated trees was not noticeably increased and the lumber recovery achieved 
was almost as good as from normal logs. The percent recovery from Nova Scotia 
attacked and severely attacked logs was only 0.9 and 1.3 percent less than the 
48.0 percent recovery from unaffected logs. Similarly, New Brunswick attacked 
and dead logs achieved recoveries which were respectively 1.6 and 3.6 percent 
less than the 53.6 percent from normal logs. These reductions in recovery de
creased the value of budworm affected logs in our resource valuation compari
son by approximately twice the percentages indicated. Still, tne extent of 
these recovery reductions were really only significant in New Brunswick. In 
other sawmill studies we commonly encounter variation in lumber recovery as 
extensive as that found in Nova Scotia, occurring as a result of operator er
rors and small differences in the lumber sizes produced.

The quality of the lumber produced from defoliated trees was very similar 
to the quality from unaffected trees. None of the lumber from Nova Scotia 
moderately defoliated trees had budworm damage extensive enough to result in 
downgrading. In Mew Brunswick defoliated and Nova Scotia severely defoliated 
categories only 2.2 and 3.4 percent of the lumber was downgraded due to bud
worm. The reductions in the value of the lumber which resulted in these
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categories was only a fraction of one percent. The same reduction occurred in 
the valuation of logs from these categories.

In comparison, variations in the distribution of lumber dimensions reduced 
values of the provincial "unaffected" quality categories by 2.4 percent (Nova 
Scotia moderately defoliated), 2.0 percent (New Brunswick defoliated) and 3.9 
percent (Nova Scotia severely defoliated trees). These more substantial dif
ferences could not be associated with budworm attack. They arose from normal 
differences in the extent of natural defects and sawing variation caused by 
sawyer judgement.

In contrast, the quality of lumber produced from dead trees was substanti
ally poorer than other samples. Forty percent of this lumber was downgraded, 
representing a 15 percent loss in lumber and log value, solely due to degrada
tion which occurred as a result of death due to budworm. Differences between 
the lumber values (ignoring budworm-caused damage) of the dead and unaffected 
categories were limited to one percent. This difference was due to small var
iations in the distribution of dimensions produced by the two quality categor
ies and cannot be associated to budworm damage. Yet the resource value of 
logs from dead trees is 22 percent less than the value of logs from unaffected 
trees. Therefore, ir. addition to the 15 percent loss due to lumber downgrad
ing, an adaitional loss in log value of approximately 6 percent can be associ
ated to the poorer lumber recovery achieved with these logs. While a propor
tion of the recovery is due to operator errors, it is likely that most of this 
additional reduction is due to the poorer log quality resulting from degrada
tion following death by budworm defoliation.

Sawlogs produced from attacked trees with average defoliation of 49, 78, 
and 65 percent were respectively valued at 4, 5, and 8 percent less than a 
similar sample of sawlogs from unaffected trees. Yet the amount of devalua
tion which could be directly associated to budworm-caused damage through lum
ber downgrading, had a limited range from zero to less than one percent. Ad
ditional resource value losses resulting from reduced recovery ranged from 
less than two to almost three percent; however, the proportion of this which
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was due to budworm caused damage is questionable. Nevertheless, the value of 
logs from attacked trees was reduced to a maximum of four percent as a result 
of budworm damage.

Very limited differences exist in the value of sawlogs from unaffected and 
defoliated trees, whereas the value of sawlogs from dead trees is dramatically 
reduced. This is because there is negligible direct wood damage caused by 
budworm defoliation alone. Secondary insects do not become a problem until 
trees are close to death. Even the lumber produced from dead trees suffered 
little downgrading due to insect damage. Usually grade loss resulted from the 
presence of rot which occurred after death. Only occasionally does the top of 
an attacked tree die and dry sufficiently to allow fungal destruction before 
complete defoliation.

The results of this investigation show that logs from budworm-attacked 
trees can be processed without affecting sawing rates and with little effect 
upon lumber recovery. Therefore, mill production should not be significantly 
reduced. Lumber grade and value recovery reductions were very limited.

uogs i rom trees killed by budworm defoliation can also be processed with
out a:reeling sawing rares. However, these logs are likely to contain signi
ficant damage by secondary insects and decay which will reduce the quality of 
lumber produced. In this study, the poorer lumber recovery and grade recovery 
from logs in the dead category resulted in a 21 percent reduction in the pro
duct value which could be attributed to degradation resulting from death due 
to budworm.

Although mortality rates vary substantially between individual trees, if 
spruce mortality due to budworm defoliation occurs it generally does not hap
pen until several years after initial infestation. During these years the 
spruce resource can be utilized efficiently for lumber production. Following 
tree death fungal degradation reduces sawlog potential. However, there is 
probably still a period of time during which trees can be economically util
ized for the production of sawn products. It was not within the scope of this
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study to determine the time scale or indicators which identify when sawlog po
tential becomes marginal. Yet this information is required to enable effici
ent use of the large volume of the Canadian forest resource which has been af
flicted by spruce budworm.

Identification of the tree quality which will produce acceptable sawlogs 
requires the investigation of many more parameters. This preliminary study 
has identified the sawlog potential of attacked trees and the questionability 
of dead trees. The quality category where sawlog potential is marginal needs 
to be more thoroughly investigated. Information on log recovery during buck- 
xng should be developed so that complete conversion from stump to final pro
duct can be evaluated. The rate at which trees devalue following death needs 
l,o be determined. The effect of this devaluation upon sawmill economics must 
be investigated. The application of stress grading should be considered as a 
means of overcoming the excessive mill grader errors which were encountered 
with baaly affected material in this study. This would also help to develop 
oetter guidelines on the utilization of lumber manufactured from this resource.

Tne sawlog potential of budworm attacked and killed balsam fir trees also 
neecs to be studied. Balsam fir has a higher cull factor than spruce and is 
generaxx; i[:sCi,eu bus worm at a raster rate than spruce. Therefore, the 
~re^ -o v-h-̂ h will produce acceptable sawlogs is not the same as spruce. 
r>mce tnese two species grow in mixed stands, economic utilization of one can
not be considered without knowledge of the other.
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Table 1. NOVA SCOTIA HEADSAW PROCESSING RATES

Log
Diameter 
Class 
( in.)

No. 
of 
Logs

SAWING RATE (gcf/min)
Moderately Severely 

Unaffected Defoliated Defoliated

6 7 A.6 6.1 5.3

7 7 6.7 6.4 7.3

8 7 7.9 6.8 7.8

9 7 8.0 8.3 8.4

10 7 8.3 9.6 9.7

11 6 9.6 10.2 8.7

12 6 10.4 10.7 9.4

AVERAGE
RATE

PR0CES5INp

8.2 8.5 8.3
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Table 2. NEW BRUNSWICK HEADSAW PROCESSING RATES

Log
Diameter
Class
(in.)

No. 
o f 
Logs

SAWING RATE (gcf/min) 
Unaffected Defoliated Dead

6 7 8.4 10.2 12.0
7 7 8.9 8.8 8.9*
8 7 11.4 10.6 11.6
9 7 11.6 14.6 17.1
10 7 14.9 17.4 12.1*
11 & 12 5 14.6 17.2 14.0*

AVERAGE PROCESSING

RATE 11.8 13.2 12.3

* Logs from these categories were sawn by a different 

sawyer than the rest of the sample material.
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Table 3. NEW BRUNSWICK SASH GANG PROCESSING RATES

Log
Diameter
Class
(in.)

No. 
of

Cants
SAWING

Unaffected

RATE (ft/min) 

Defoliated Dead

6 7 31 24 31
7 7 31 23 34
8 7 28 28 29
9 7 25 25 26
10 7 25 25 25
11 à 12 5 24 23 26

AVERAGE SAWING RATE 27 25 28

Standard Deviation 3.1 1.9 3.5
Coefficient of
Variation 0.11 0.08 0.12

Average Sash Gang Processing Rate = 27 ft/rnin 
(all quality categories combined)

Standard Deviation = 3.2 ft/min 
Coefficient of Variation = 0.12
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Table 4. NOVA SCOTIA LUMBER RECOVERY

! ut)
Diameter
Class
(in.)

No. 
of 
Logs

unapt rc
Lumber
Recovery
Factor

pro
Percent
Lumber
Recovery

6 - 5.7 47.7
7 7 4.9 40.5
8 7 4.8 40.3
9 7 6.3 52.3
10 7 6.0 49.8
11 6 6.0 49.7
12 6 6.0 49.6

Average COIT\ 48.0

MODI!RA ILLY DI J 0LI AIL'D 0LVLRELY DEFOLIATED
Lumber
Recovery
Factor

Percent
Lumber
Recovery

Lumber
Recovery
Factor

Percent
Lumber
Recovery

4.6 38.5 4.8 40.4
4.4 36.4 4.6 38.6
5.3 44.2 5.0 42.1
6.1 51.3 5.5 45.8
5.9 49.3 6.1 51.0
5.7 47.7 5.7 47.1
6.1 51.0 6.1 51.0

5-7 47.1 5.6 46.7
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Table 5 . Nt'W BRUNSWICK LUMBER RECOVERY

UNAFFECTED
1) i amcter 
Class 
( in»)

No.
of
Logs

Lumber
Recovery
Factor

Percent 
I umber 
Recovery

6 7 5.4 44.0
7 7 6.3 52.1
0 7 6.6 54.6
9 7 6.3 52.3
IU 7 6.9 57. f)

11 & 12 5 6.4 53.5

Average 6.4 53.5

DLFOL IATED DEAD
Lumber
Recovery
Factor

Percent
Lumber
Recovery

Lumber
Recovery
Factor

Percent
Lumber
Recovery

5.1 42.7 5.0 41.5
5.6 46.4 '4.9 40.8
6.4 53.2 5.9 49.3
6.5 54.5 6.2 51.4
6.0 56.5 5.0 40.5
6.0 50.3 7.1 59.5

6.2 51.9 6.0 49.9
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Table 6. LUMBER DOWNGR AD IN G DUE TO B U DW OR M

PERCENTAGE OF NOMINAL LUMBER VOLUME

No. of 
Grades Lost ONE TWO THREE TOTAL

New Brunswick
Defoliated
Trees

1.7 0.3 2.2

Nova Scotia
Severely Defoliated 1.7 1.4 0.3 3.4
Trees

New Brunswick 
Budworm Killed 
Trees

8.3 18.6 12.4 39.5
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Table 7. LUMBER DIMENSION DISTRIBUTION

PERCENTAGE OF NOMINAL LUMBER VOLUME
Dimension
Categories

Dimension Lumber 
(2" x 5" + )

Light Framing 
(2 x 3's & 2 x 4 's) 1" Lumber

NOVA SCOTIA
Unaffected 78 11 11

Moderately
Defoliated

77 9 14

Severely
Defoliated

79 7 14

NEW BRUNSWICK
Unaffected 80 14 6
Defoliated 6 7 26 7
Dead 7 6 18 6
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Table 8. LUMBER GRADE RECOVERY

Lumber Grades

PERCENTAGE OF NOMINAL LUMBER VOLUME

No. 1 and No. 2 
or

Construction and Standards

No. 3 
or

Utility Economy

NOVA SCOTIA

Unaffected

Moderately
Defoliated

Severely
Defoliated

97 3

95 4 1

91 6 3

NEW BRUNSWICK

Unaffected

Defoliated

Dead

88

84

51

9

12

33

3

4

16
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Table 9. LUMBER VALUE

VALUE
IF

BUDWORM
DEFECTS
IGNORED1
($/MFBM)

ACTUAL
VALUE

($/MFBM)

MILL
VALUE
($/MF3M)

NOVA SCOTIA

Unaffected 334 334 333
Modérât el y 
Defoliated 326 326 328
Severely
Defoliated 321 319 318

NEW BRUNSWICK

Unaffected 298 293 299

Defoliated 292 291 287

Dead 2q5 249 235

In determining this grade the MLB observed all natural 
defects, but ignored defects attributable to 
budworm damage.

1
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Table 10. RESOURCE VALUE

VALUE
IF

BUDWORM 
DEFECTS 
IGNORED1 
(.$/gcf )

ACTUAL 
VALUE 
($/gcf)

MILL 
VALUE 
($/gcf)

NOVA SCOTIA

Unaffected 1.93 1.93 1.93
Moderately
Defoliated 1.83 1.85 1.85
Severely
Defoliated 1.80 1.78 1.78

NEW BRUNSWICK

Unaffected 1.91 1.91 1.92

Defoliated 1 .82 1 .81 1.79
Dead 1.77 1 .49 1.53

-]
In determining this grade the MLB observed all natural 
defects, but ignored defects attributable to budworm 
damage.
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NEW BRUNSWICK

DEAD <

Grade
E rror

2

DEFOLIATED

UNAFFECTED

NOVA SCOTIA

2

1

f
2

1

SEVERELY
DEFOLIATED

2

1

MODERATELY 
DEFOLIATED r

UNAFFECTED

I I L_J I— ~  - l » I
5 4  3 2 1 0 1 2 3

2

-L_!__ L__J
4  5 6 7

Undergraded
Errors in Eva lua ting  Budworm  

- Caused De fects

Overgraded
Errors  in Evaluating 

Other Defects

Fig. 1. Mill Grader Error (percentage of nominal lumber volume).

!
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APPENDIX I DEFINITIONS

Top Diameter: Log small end, inside bark diameter, expressed 
in whole number inch classes, with logs 
having fractional dimensions of 0.6 and greater 
included in the next higher inch category.

Actual Log Volume: Log wood volume, expressed in cubic feet, and 
calculated by Smalian's formula using inside 
bark diameters at both ends and actual 
length, including overlength.

Lumber Recovery 
Factor (LRF) :

The nominal board footage of lumber recovered 
per actual cubic foot of log sawn.

Percent Lumber 
Recovery :

The nominal lumber volume recovered, presented 
as a percentage of the actual log volume sawn.
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Appendix n  POSITION OF SAMPLE LOGS IN TREES LENGTHS

Log
Diameter NO. OF LOGS IN EACH QUALITY CATEGORY
Class
(in) Butt Logs 2nd Logs 3rd Logs 4-JOt—

6 1 - 3 3 7

7 3 2 2 7

8 3 3 1 7

9 4 3 7

10 4 3 7

111 4 2 6

11 & 122 4 1 3

12̂ 5 1 6

2

Nova Scotia Sample 

New Brunswick Sample
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Appendix III LUMBER VALUES

Lumber Vaule ($/MFBM)

Construction Standard Utility Economy

One - Inch Lumber

1 x 3 268 244 171 162

1 x 4 266 242 169 162

1 x 5 291 265 185 172

Light Framing

2 x 3 267 243 170 140

2 x 4 307 279 195 148

No.l No. 2 NO. 3 Economy

Dimension Lumber

2 x 5 308 280 196 145

2 x 6 319 290 203 145

2 x 7 319 290 203 145

2 x 8 349 317 222 145

2 x 10 441 401 281 145
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LUM BER GRADE  

Econom y

E conom y

|  U tility

i No. 3

D im ension Lum ber 

Light Fram ing  

O ne-inch Lum ber

S tand ard

N o ,2

ii

I--------i -    _______ L ____J_______ !
0  10 2 0  3 0  4 0  5 0  6 0  7 0

P E R C E N TA G E  O F N O M IN A L LUM BER VO LU M E

APPENDIX IV-1. Grade recovery from Nova Scotia unaffected trees.
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PERCENTAGE OF NO M INAL LUMBER VOLUME

Dimension Lumber

Light Framing

One-Inch Lumber WÊ

APPENDIX IV-2. Grade recovery from Nova Scotia moderately
defoliated trees.



89

LUMBER GRADE

^Economy

IjEconomy

Utility

No. 3

Dimension Lum ber 

Light Framing 

One -Inch Lumber

L ~ ____
0  10 2 0  3 0  4 0  5 0  6 0  7 0

PERCENTAGE OF NOM INAL LUMBER VOLUME

APPENDIX IV-3. Grade recovery from Nova Scotia defoliated trees.
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LUMBER GRADE 
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|U t i l i t y
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Light Fram ing  
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APPENDIX IV-4. Grade recovery from New Brunswick unaffected trees.
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APPENDIX IV-5. Grade recovery from New Brunswick defoliated trees.
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LUMBER GRADE

Econom y

Econom y

^ U t i l i ty

Dim ension Lumber 

Light Fram ing  
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No. 3
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APPENDIX IV-6. Grade recovery from New Brunswick budworm killed 
trees .
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PART V
PRODUCTION OF COMPOSITE PANELS 

Introduction

In the Maritimes region of Canada, budworm has threatened the growth of 
softwood species such as spruce and balsam fir. The damaged trees, especially 
those of small diameter may not be suitable for production of large dimension
al lumber or plywood. This situation may seriously affect the regional econo
my, where timber production is the major industry. In order to have a broader 
view on the utilization of budworm attacked trees, one should consider other 
alternatives to lumber production. The production of reconstituted wood-based 
materials is perhaps the most effective alternative.

In order to demonstrate the possibility of producing waferboard and/or 
particleboard from budworm infested wood this research program was initiated. 
The wood supply was considered with three quality classes of spruce trees, 
namely, (i) normal trees, (ii) defoliated trees and (iii) dead trees due to 
budworm attack. The characterization of these classifications is given else
where in this report. However, it should be pointed out that this classifica
tion may not reflect the different deterioration levels due to budworm attack 
in the time domain.

Methods and Material

The trees for the three quality classes (experimental groups, Part I) were 
randomly sampled from Acadia Forest Experimental Station, New Brunswick (of 
Part I, Lot New Brunswick II). The logs were approximately two meters in 
length and 13 to 25 cm in diameter. Disks cut from one end of each log were 
coded and placed in a plastic bag to prevent moisture loss. These samples 
were used for the determination of moisture content and density of the logs. 
The density of each log was evaluated on the basis of ovendry weight and green 
volume. The logs in each of the three quality classes were debarked and di-
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vidée into two sub-groups —  one for wafer generation and another for particle 
generation —  to facilitate the production of waferboard and particleboard.

Waferboards Production

The logs were waferized by using a laboratory ring type waferizer by CAN- 
CAR PACIFIC. The effect of wafer thickness was considered by producing wafer 
in two thickness levels, namely, 0.020" (0.508 mm) and 0.029" (0.737 mm).
The wafer width was randomly ranged from 0.25 to 1 inch (6.25 mm to 25.4 mm) 
and the wafer length was 1.5 inches (38.1 mm). After waferizing the wafers 
were cried to approximately 5 percent moisture content and screened to remove 
tines by passing it through 4 mesh screen. A small quantity (100 to 200 
pieces) of wafers were randomly sampled and measured for width and thickness.

The bulk density of the screened wafers 
cubic loot or loose wafers (at 5? moisture 
allowed to fall freely from about 4 feet in 
The determination of density of the wood was 
conoidior.ee volume of wood blocks which were 
inches (12.7 by 25.4 by 25.4 mm).

was measured by the weight of a 
content). The loose wafers were 
height into a one cubic foot box. 
based on the ovendry weight and 
nominally cut into 1/2 by 2 by 2

Convent 
in this st 
formaIdehya 
percentages

ional laboratory techniques for producing waferboard were employed 
udy. Waters were blended with 2.5 percent of powdered phenol- 
~ r -Sin and 2 percent of slack wax in a drum type blender. The 
oi resin and wax were based on the ovendry weight of wafers used.

Five hand-sheets (7/16" x 18" x 18") (11.1 mm x 457 mrn x 457 mm) were pre
pared for eacn specified wafer thickness and quality category. The mats at 5 

0.5 percent moisture content were pressed at 210°C press temperature for 5 
minutes, witn closing time of 50 - seconds. The board density (conditioned
weight/conditioned volume) was targeted at 40 lb/ft^ (0.641 g/cm^). The 
mcijor variables used in this part of the program were as follows:

(i) Wafer thickness: 0.020 inch (0.508 mm) and 0.029 inch (0.737 mm)
(ii) Quality category: normal, defoliated and dead.
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Particleboard Production

In addition to logs obtained from Acadia Forest Experimental Station, 
three quality categories of slabs were also collected from a sawmill. This 
material was collected on the basis of the classification described earlier 
from a forest site in Nova Scotia, (of Part I, Lot Nova Scotia).

Material from each category of logs and slabs was reduced to 5/8 inch (16 
mm) chips by a chipper and then hammermilled into splinter form using a screen 
plate with 3/8 inch (9.5 mm) diameter round holes. After milling, a small 
quantity of particles (about 1 kg) was sampled and analyzed by a series of 
screens. The rest of particles was then screened to obtain -4 +20 and -20 + 40 
Tyler screen mesh particles. The particle density was determined by the meth
od specified in ASTM D 2395-69 (1), and the bulk density of furnish was deter
mined by conventional methods.

To determine acidity and buffering capacity of the furnish, each category 
of furnish was ground and screened to obtain -35 + 48 Tyler mesh size partic
les, and a recognized method of measuring the acidity and buffering capacity 
of wooc furnish was employed (2). Two 30 g samples of ovendry weight partic
les were soakea individually in 400 g of distilled water (21 + 1°C) for 30 
minutes. The mixture was stirred at 0, 10, 20 minute intervals. The liquid 
was cecaned and filtered. One hundred and fifty grams of filtered liquid was 
placed in a 400 ml beaker. The pH was measured at 21°C. This represented the 
intial pH value of wood. Sulfuric acid (0.01N) was added to the liquid in 
small increments of 5 mis or less. The liqud was then mixed and pH value was 
taken aiter each addition until a final value of 3.5 was reached. The buffer
ing capacity in the milequivalents (N x m) of acid needed to drop the pH value 
to 3.5.

For the production of particleboards conventional laboratory techniques 
were used. For face layers, the fine particles were blended with 10 percent 
of liquid urea formaldehyde (UF) resin, while for the core layer, the coarse 
particles were biended with 7 percent of UF resin. The percentage of resin
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was based on the ovendried weight of particles. A 2 0 % solution of ammonium 
chloride was used as a catalyst. The ratio of ammonium chloride solution to 
solid UF resin was 2.5 to 100 parts. Four Boards (1/2 by 22 by 22.5 inch) 
(12.7 by 558.8 by 571.5 mm) were prepared for each specified type of raw ma
terial. The face layers of the mat were at 12 — 0.5 percent moisture con
tent and the core layer at 8 — 0.5 percent. The weight ratio of top face to 
core to bottom face was 15 to 70 to 15. The mat was pressed at 191°C (375 F) 
press temperature for 3 minutes, with closing time of 60 — 5 seconds. The 
target board density was 45 lb/ft3 (0.721 g/cm3). The major variables 
used in this particleboard research were as follows:

Wood type before refining: log and slab.
Quality category: normal, defoliated and dead.

Property Evaluation and Analyses

The mechanical and physical properties were evaluated according to appro
priate standard methods of CSA (Canadian Standards Association) and ASTM (Am
erican Society for Testing and Materials) (2) (4). The data were analyzed
using covariance analysis with density as a covariate. Then all possible com
parisons among treatment means were performed by using the least significant 
difference technique (LSD). The sample size used in statistical analysis was 
10 for most of the properties of waferboard except internal bond strength (IB) 
and the modulus of elasticity in bending (MOE). The sample sizes for IB and 
MOE were 30 and 20 respectively. For particleboard, the sample sizes for MOE 
and MOR (modulus of rupture in bending) were 24, whereas for water response 
tests and IB they were at 12 and 32 respectively. Solid wood of spruce and 
aspen was tested in static bending according to ASTM methods (5) to obtain 
comparison of MOE and MOR for composition boards.

Results and Discussion

The visual examination of wood indicated that the growth rings formed dur
ing budworm attack are much narrower than those formed previously. However, 
there was no difference in basic wood formation characteristics such as the 
quantity oi latewood vs. earlywood, compression wood or traumatic resin canals.
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This phenomenon was expected since the budworm infestation lead to a progres
sive redaction of active foliage of the trees. Thus, less and less food is 
being provided for wood formation.

The specific gravity and moisture content of logs as received and the den
sity of wood blocks after conditioning are summarized in Table 1. Obviously, 
the moisture content of the logs decreased with the increasing degree of de
terioration due to budworm attack. The density of the logs was not affected 
since the budworm damage .was restricted to the outermost periphery of the 
trees.

It was interesting to observe that the effect of bark content of logs was 
negligible on specific gravity and moisture content.

In order to obtain an expectation concerning the feasibility of making 
composition board from budworm attacked trees, the holocellulose content of 
the raw material in the three quality categories was determined. The results 
of holocellulose tests are given in Table 2. The test was carried out ac
cording to the accepted method in the pulp and paper industry. The results 
indicated a minute decrease of holocellulose content in the attacked wood. 
However, the overall holocellulose reduction in attacked and dead trees was 
less than 2 percent as compared to the normal trees. This implies that good 
quality composition board could be made from budworm infested trees. These 
results appear to support the negligible effect of budworm attack on wood den
sity (see Table 1). For convenience, the two types of composition boards were 
separately discussed hereafter.

Waferboard

Table 3 summarizes the characteristics of wafers generated from different 
categories of spruce logs. Examination of the data indicated that the diame
ter of log had more influence on wafer quality than did the quality category. 
In general, large logs provided wider wafers than did small logs and thick wa
fers were wider than thin wafers. The results of an analysis of covariance 
indicated that wafer thickness and quality category had no significant main 
effects but a significant interaction effect on the modulus of elasticity in



bending (MGE) of waferboards. The mechanical properties of waferboard pro
duced from the raw materials are given in Table 3. The mean of MOE of wafer- 
boards ranged from 654 to 700 ksi at specific gravity 0.647. The normal 
spruce afforded higher MOE than defoliated spruce when thin wafers were used. 
With thick wafers the opposite was true. The data in Table 4 also shows that 
there were no significant differences between either normal and dead, or at
tacked and dead material. This implies that the difference in MOE of boards 
made from normal and defoliated material was not associated with budworm at
tack. By examining Table 2, it seems rational to believe that the relatively 
low MOE afforded by thin wafers from attacked material may be due to the nar
rowness of wafers.

For MOR (modulus of rupture in bending), an analysis of covariance indica
ted that the effects of two main factors —  wafer thickness and quality cate
gory —  were significant but their interaction effects were not. Waferboards 
made r rom thin wafers had higher MOR than did those made from thick wafers be
cause the former lead to better mat formation. It should be noted that the 
uniformity of mat formation usually had more critical effect on MOR than MOE. 
Table 4 also shows that defoliated spruce tends to provide highest MOR among 
the three categories. A test by the Scheffés orthogonal comparison’s test in
dicated tnat the attacked spruce give higher MOE than did dead material.

For wet MOR and iB strength, the results of each analysis of covariance 
indicated that the effects of the wood quality category were not significantly 

, but those of wafer thickness were. The means of wet MOR values 
ranged from 2126 to 2604 psi at specific gravity 0.657 and those of IB values 
ranged from 92 to 121 psi at specific gravity 0.643. Table 4 indicates fur
ther that for normal spruce, thin wafers afforded higher wet MOR as compared 
to thick wafers. For the defoliated and normal spruce, the differences in wet 
MOR values were not signficant because the effects of wafer thickness and the 
variation in width may offset each other. However, it should be noted that 
within the range of wafer width and thickness used, thin and wide wafers could 
aiforc higher cry and wet MOR values than thick and narrow wafers. Therefore, 
the efi ects or thin wafers tended to be offset by their narrowness. The sig
nificant difference in IB strength between the boards made from thin and thick 
wafers might be primarily attributed to the difference in the IB strength bet
ween the boards made from thin and thick wafers, both cut from attacked spruce.
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The means of 15 strength were respectively 121 and 92 psi for boards made from 
thin and thick wafers cut from defoliated spruce. This is because the former 
wafers were narrowest and the latter were widest among all categories of wa
fers used ir. this study (see Table 3)*

For twer.ty-four hour water soak properties, the results of three analyses 
of covariance indicated that the main effects of wood quality category on 
thickness swelling (TS) water absorption (WA) and linear expansion (LE) after 
2H hour water soak were significantly different. Table 5 shows that thin wa
fers afforded higher TS and WA than did thick ones. This is because the resin 
content per surface area of thin wafers is less than that of thick wafers. 
The data also shows that LE values were fairly low, somewhat below expecta
tions.

In order to compare the properties of waferboards made from thick normal 
spruce wafers with those of waferbards made from thick aspen poplar wafers 
which are commonly used, their properties are summarized in Table 6. It is 
obvious that, spruce afforded superior properties to poplar with exception of 
TS results. Waferboards made from all three quality categories and two wafer 
width classes of spruce showed excellent properties overall. In general, wa
fer geometry had more profound effects on the properties of waferboard than 
the wood quality categories throughout the range of this investigation.

The waferboard produced from the budworm infected and control materials 
were found to comply with the minimum requirement of the Canadian Standards 
Association for commercial waferboard. Based on this, it can be stated that 
the budworm attack would not affect the utilization potential of wood in the 
quality categories considered here for waferboard production.

Particleboard

The bulk density and percentage of different particles generated from the 
two types of wood, namely; logs anc slabs, are summarized in Table 7. Partic
les generated from logs tended to be larger than those generated from slabs. 
Table 8 summarizes the acidity and buffering capacity of the milled particles.
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The pH ranged from 4.49 to 5.80 and the buffering capacity from 0.086 to 0.140 
ml x N. These ranges are sufficiently narrow so that it can be expected that 
any combination of these materials should facilitate good bonding qualities 
with UF resins. Particles generated from slabs tended to have lower pH and 
higher buffering capacity than did those generated from logs. However these 
differences were not appreciably large.

Basic mechanical properties of particleboard are summarized in Table 9« 
The properties of M0E, M0R and IB are given by the mean, along with specific 
gravity and the least significant difference. The analyses of covariance in
dicated that the main and interaction effects were very significant in all 
properties investigated. The data show that the particleboards made from dead 
trees tend to have lower values of M0E, M0R and IB strength than either those 
made from normal or attacked trees. For particleboards made from slabs, the 
results were more complicated and were very difficult to interpret. Conse
quently, it is recommended that futher study using a larger and more strati
fied sample be carried out prior to finalizing conclusions.

The results of an analysis of covariance indicated that the particleboards 
made from slabs tended to have lower TS than those made from logs. Table 10 
shows that the mean of TS values ranged from 26 to 34 percent. Table 10 also 
shows that the mean of WA and LE values ranged from 78 to 96 and 0.40 to 0.48 
percent, respectively.

Table 11 shows the specific M0R and M0E for solid wood, waferboard and 
particleboard. It is obvious that using spruce for composition boards would 
lead to higher specific strength and moduli as compared to aspen poplar.

In order to show the quality of particleboard produced from the three 
quality categories the minimum requirements of the Canadian Standards Associa
tion for the various grades of particleboards are given in Table 12. The com
parison clearly shows that the minimum requirements in M0R, M0E and IB fully 
complied with any grade. Consequently it can be stated that the budworm had 
no practical effect on the utilization of affected trees for the production of 
particleboard. Again this statement is only valid within the scope of this
study.
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Conclusions and Re iczrsendations

Both defoliated and dead spruce cress due to the budworm infestation could 
be used effectively for the productic: of commercially viable waferboard and 
particleboard. This statement is valic vichin the scope of this study.

Since the degradation process cue to budworm infestation is time depen
dant, it is essential that the rate c: degradation be pinned down in terms of 
the properties of the two types of composite panels investigated here. Along 
with these, the reduction Of wafer or particle yield may be another critical 
factor that has to be considered in a successful! utilization of budworm in
fested trees for the production of composite panels.
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Table 1. Specific Gravity and Moisture Content of Raw Material

Quality 
category 
of raw 
material

Specified 
gravity 
of Wood3

Specific gravity of log13 Moisutre Content (%) of Log
with bark without bark with bark without bark

Normal 0.405 ■0.373 0.367 97.9 98.9

Attacked 0.427 0.389 0.385 81.3 80.1

Dead 0.381 0.377 0.384 61.9 63.8

a. Based on ovendry weight and conditioned volume 1/2 by 2 by 2 specimens.

b. Based on green weight and green volume of discs.

Table 2. Effect of Budworm Attack on the Holocellulose 
Content in the Raw Material

Quality Holocellulose
Category Content

(*)

Normal 78.71

Attacked 77.71

Dead 77.39



Table 3. Characteristics of wafers produced from the raw material

Wafer 
Th ickness 
in. (mm)

Quality
Category

Diameter 
of log 
in. (mm)

Dulk Density 
lb/ft^ (g/cm̂ )

Wafer Width 
in. (mm)

CV^of Wafer 
Width (%)

Normal 6 (152) 5.0 (0.080) 0.437 (11.1) 57.3

0.020 (0.508) Defoliated 5 (127) 4.6 (0.074) 0.345 (8.8) 58.3

Dead 6 (152) 4.9 (0.078) 0.455 (11.6) 64.3

Normal 7 (178) 5.8 (0.093) 0.621 (15.8) 30.0
0.029 (0.737) Defoliated 8 (203) 5.6 (0.089) 0.681 (17.3) 31.0

Dead 6 (152) 5.2 (0.083) 0.486 (12.3) 55.8

a CV: Coeffiecient of variation.



Table 4. Mechanical properties of waferboards from spruce

Wafer 
thickness 
in. (mm)

Quality
category

MOE
ksi (GPa)

MOR
psi (MPa)

WET
psi

MOR
(MPa)

IB
psi(KPa)

0.020 (0.508;) Normal 700 (4.83) 4682 (32.28) 2604 (17.95 107 (737.8)
Defoliated 654 (4.51) 4761 (32.83) 2126 (14.66) 121 (834.3)
Dead 674 (4.65) 4436 (30.59) 2398 (16.53) 103 (710.2)

0.029 (0.737) Normal 668 (4.61) 4348 (29.98) 2180 (15.03) 103 (710.2)
Defoliated 692 (4.77) 4701 (32.41) 2339 (16.13) 92 (634.3)
Dead 654 (4.51) 4312 (29.73) 2194 (15.13) 106 (730.9)

CSA - 0188 - 1975 Require
ments

400 2000 1000 40

Specific
Gravity

0.647 0.647 0.657 0.634

Least
Significant
Difference

40 (0.23) 279 (1.92) 209 (1.44) 5 (34.5)

Note: The waferboard produced from the three quality categories had fully compiled with
the minimum requirements of CSA standards.
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Table 5. Response to 24-hour water soak of waferboards from spruce

Wafer 
Thickness 
in. (mm)

Quality
Category

Thickness
Swelling
(%)

Water
Absorption
(%)

Linear
Expansion
(%)

Normal 15.4 33.3 0.09

0.020 (0.508) Defoliated 22.7 42.2 0.13

Dead 19.0 33.8 0.11

Normal 12.0 20.6 0.09

Defoliated 12.7 26.1 0.12

Dead 11.8 19.5 0.09

Specific
gravity

0.645 0.645 0.645

Least
Significant
Differences

2.5 4.0 0.03
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Table 6. Comparison of the properties of waferboards made from 
spruce and poplar species.

Board
Property

Specific
Gravity

Wood Species 
spruce poplar

CSA-0188-1975
Requirement

MOE (ksi) 0.647 668 620 400
MOR (psi) 0.639 4348 3510 2000
IB (psi) 0.634 103 87 40
WET MOR (psi) 0.657 2180 1966 1000
TS (%) 0.645 12.0 11.6 -

Wore: (1) Data for spruce are extracted from the properties of waferboards
made from normal spruce.

(II) 3oth species in all properties complied with the minimum 
requirement.



Table 7. i article density, bulk density and percentages of different particle size

Wood Type' 
Before 
Re fining

duality
Category

Particle
Density
qm/cm^

Bulk
Density
qrn/cm^ -4 + 6

PARTICLE SIZE

-30 + 40 -40-6 + 10 -10 + 20 -20 + 30
Normal 0.34 0.123 10.05 49.72 27.45 6.90 2.43 3.46

LUC Defoliated 0.34 0.139 9.24 52.02 26.19 6.94 2.30 3.21
Dead 0.32 0.148 9.34 53.20 26.42 6.31 2.04 2.70

Normal 0.32 0.133 3.50 46.64 32.84 0.69 3.17 5.09
SLAB Defoliated 0.32 0.133 4.47 44.94 31.34 9.14 3.71 6.41

Dead 0.32 0.149 4.36 47.03 32.66 8.96 3.00 3.93

Q
based on ovendry weight and green volume



Table 0. Acidity and buffering capacity of spruce

Wood Type Material 
used for 
face or

Quality Category
Normal Defoliated Dead Average

core pH Buffer mlxN PH Buffer mlxN pH Buffer mlxN pH Buffer mlxN

Face 5.53 0.100 5.23 0.123 5.23 0.100 5.33 0.108
Log Core 5.80 0.100 5.15 0.100 5.20 0.086 5.40 0.095

Face 4.98 0.140 5.00 0.138 4.49 0.115 4.80 0.131
Slab Core 5.10 0.120 5.10 0.123 4.65 0.105 4.95 0.116

Average 5.40 0.115 5.12 0.121 4.90 0.102 5.13 0.113



Table 9. Mechanical properties of particleboard

Wood type
Before
Refining

Quality
Category

MOE
ksi (GPa)

MOR
psi.(MPa)

IB
psi(KPa)

Normal 629 (4.34) 4 391 (30.3) 193 (1330.7)
Log Defoliated 575 (3.96) 4270 (29.4) 218 (1503.1)

Dead 518 (3.57) 3890 (26.8) 153 (1054.9)

Normal 589 (4.06) 3772 (26.0) 129 (889.5)
Slab Defoliated 583 (4.02) 4079 (28.1) 18 5 (1275.6)

Dead 578 (3.99) 3970 (27.4) 178 (1227.3)

Specific
Gravity 0.765 0.765 0.765

Least
Significant
Difference

9 (0.06) 122(0.8) 6 (41.4)
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Table 10. Response to twenty-■four-hour water soak of particleboard

Wood Type Quality TSa WAb LEC
Before
Refining

Category (%) (%) (%)

Normal 34 92 0.41
Log Defoliated 30 78 0.40

Dead 30 83 0.48

Normal 33 96 0.42
Slab Defoliated 30 90 0.46

Dead 26 83 0.40
Specific 0.750
Gravity

Leas t
Significant
Difference

1 3 0.03

a
TS: Thickness swelling

b
WA: Water absorption (Weight/Weight)
c
LE: Linear expansion
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Table 11. Specific MOE and MOR of wood, waferboards and particleboard.

Species Material
Type

Specific MOE 
MOE/specific 
gravity3, ksi

Specific MOR 
MOR/specific 
gravity3, psi

Solid Wood 2907 24192
Spruce Waferboard 1032 6804

Particleboard 822 5740

Solid Wood 2969 23582
Poplar Waferboard 958 5892

Particleboard 790 5444

3 .

Specific gravity was obtained by ovendry weight and conditioned volume



Table 12. Test Requirements for Various Grades of Particleboard
lib

Property Grade E Grade F Grade G Grade H Grade K Grade L Grade R Grade S Grade T Test Moisture Content
Clause at test

Thickness 0.015 0.030 0.015 0.010 0.030 0.015 0.005 0.005 0.010 6.2 As shipped
Maximum ± Avg. Deviation from Nominal(in.) 
Maximum ± Deviation from Panel Avg. (in.) 0.010 0.030 0.010 0.005 0.030 0.010 0.005 0.005 0.005 As shipped

Length and Width Tolerance 
Maximum Deviation from Nominal(in.)

+0
-1/8

+0
-1/8

TO
-1/8

TO
-1/0

TO
-1/8

TO
-1/8

TO
-1/8

TO
-1/8

TO
-1/8 6.1 As shipped

Squareness Tolerance
Maximum Deviation from Square (in.per foot) 1/64 1/64 1/64 1/64 1/64 1/64 1/64 1/6 4 1/6 4 6.3 As shipped

S t ra ig 1; t ness To 1 era nee
Maximum Deviation from Straight(Ln.per edge) 1/16 1/16 1/16 1/1.6 1/16 1/16 1/16 1/16 1/16 6.4 As shipped

Density Tolerance NS NS ±10 ±10 NS NS ± 8 ±10 ±10 6.5.3 As shipped
Maximum Deviation from Nominal (Percent)
Over 1/2 inch thickness
1/2 inch thickness and under

NS NS ±15 ±15 NS NS ±10 • ±15 ±15 6.5.3 As shipped

Minimum Modulus of Rupture (psi) 1,500 1,300 1,300 1,700 2,400 2,400 2,000 1,700 1,70( 6.6 EMC at 65 percent RH

Minimum Modulus of Elasticity (psi) 160,000 160,000 160,000 160,000 400,000 400,000 280,000 160,000 160,600 6.6 EMC at 65 percent RH
Minimum Internal Bond (psi) 40 NS NS 50 NS NS 65 50 40 6.7 EMC st 65 percent RH
Minimum Hardness (pounds) 500 NS 350 500 500 500 500 500 350 6.8 EMC at 65 percent RH

Minimum Screw-IIolding Strength (pounds) NS NS NS 250 NS NS 250 200 NS 6.9 EMC at 65 percent RH
Face
Edge (for boards 5/8 inch and thicker) NS NS NS NS NS NS 150 100 NS 6.9

Maximum Linear Expansion(percent) 0.35 0.5 0.5 0.35 0.25 0.25 0.35 0.35 0.50 6.10 EMC at 65 percent RH
(50 to 90 percent RH) EMC at 65 percent RH

Minimum Direct Nail Withdrawal,(pounds) 
(for boards 3/8 inch and thicker)

NS NS NS NS NS NS NS NS NS 6.11 EMC at 65 percent RH

Properties After Accelerated Aging Not Applicable 6.12 Saturated
Minimum Modulus of Rupture (psi)

Note: The abbreviation NS(not specified) is used in the Table whenever the Grade has no requirement for the property.



PART VI

SUMMARY

Eastern spruce trees Picea spp, from New Brunswick and Nova Scotia defoli
ated or killed by spruce budworm, Choristoneura fumiferana (Clem.),and normal 
trees without significant defoliation, were examined for type and extent of 
fungal deterioration, moisture content, and insect damage on cross sections 
taken at 4 different tree heights. Roundwood obtained from these trees was 
studied for its value as sawlogs by producing lumber in sawmills operating in 
New Brunswick and Nova Scotia. Roundwood and slabs were evaluated for their 
use in particleboard and waferboard production.

The moisture content of sapwood on normal trees was between 130 and 160 
percent. On defoliated trees, the sapwood moisture content was generally low
er, with the lowest average value about 100 percent in the upper and central 
portions of the trees in one group. The moisture content of heartwood on nor
mal, defoliated, and dead trees, and of the sapwood in one of the two groups 
of dead trees was between 35 and 60 percent, a range considered most favorable 
for fungal decay.

Fungal decay was absent in the normal and defoliated trees or, if present, 
it was in small amounts (5.4 percent or less). This decay was restricted to 
the lower protions of the trees. Fungal decay on dead trees reached substan
tial proportions in the outer parts of the stems. In one of the groups, ad
vanced "outer" decay covered on the average 25 percent of the cross sections 
at the butt end and about 15 to 20 percent of those at higher levels.

Blue stain (sapstain) was present as a faint discoloration accompanying 
fungal decay. While found on defoliated trees only in trace amounts, it cov
ered up to 12 percent of the cross sections on dead trees.

Entomological examinations carried out on cross sections indicated that 
the incidence of ants was dependent upon the degree of heartrot in the tree 
and was not directly related to the degree of budworm attack.
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A close correspendence was observed between the bark beetle and ambrosia 
beetle attacks and the development of fungal decay in the outer portion of the 
stems.

Wood borer attack was observed on some normal and some defoliated trees as 
well as in many of the dead trees. The periphery of the larval tunnels in the 
wood was usually free of fungal decay or stain.

A storage test was initiated in New Brunswick using 6-foot long logs from 
23 red spruce trees. Logs from normal, defoliated and dead trees, with and 
without bark, will be monitored to establish the rate and causes of deteriora
tion.

Lumber production was studied with 12-foot-long sawlogs. In New Brun
swick, they were obtained from normal, defoliated and dead trees, and in Nova 
Scotia from normal, moderately defoliated and severly defoliated trees.

The results showed that processing rates and sawing patterns were not al
tered on logs as a result of the budworm defoliation or of decay present on
the dead trees.

Lumber recovery from logs of moderately defoliated, defoliated, severely 
defoliated, and dead trees was reduced by 1.9, 2.7, 3*0 and 6.7 percent, re
spectively .

Lumber produced from the defoliated, severely defoliated and dead trees 
was downgraded by 2.2, 3.4, and 39.5 percent respectively, resulting in a val
ue loss of $1, $2, and $46 per thousand board feet. Moderately defoliated 
trees were equal to normal trees in grades of lumber produced.

The reduction in the lumber value for dead trees, compared with that for 
normal trees, was 21 percent, mainly due to lower quality of the lumber pro
duced (downgrading). Defoliation had little effect on the value recovery.

Particleboards and waferboards produced from roundwood from defoliated and 
dead trees were excellent in quality ar.d equal to those produced from normal 
trees.
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The properties of the waferboards were found to be essentially governed by 
wafer geometry rather than by degree of deterioration.

Particles generated from both roundwoods and slabs displayed similar char
acteristics and excellent compatibility with commercial urea-formaldehyde res
in.
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