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Preface
Forintek Canada Corp., Canada's national 

solid wood products research institute, is 
pleased to have sponsored this workshop on wood 
quality considerations in tree improvement pro
grams since the scope of our research includes 
the characterization of the forest resource and 
a concern for the suitability of that resource 
as raw material for conversion to solid wood 
forest products.

In planning the workshop we had three objec
tives in mind. The first was to provide a forum 
for the exchange of information between wood 
scientists and tree improvement workers. This 
was not planned as a series of lectures, but 
rather as a vehicle to develop an exchange of 
information between speakers and participants as 
well as between participants.

The second objective was to identify the 
needs and interest for wood quality considera
tions in tree improvement programs across 
Canada. In meeting its national mission it is 
Forintek's view that we must assist in develop
ing a greater awareness of the opportunities and 
needs for incorporating wood quality considera
tions in the expanding tree improvement pro
grams. An essential step is a more complete
understanding of the technical needs of these 
diverse programs.

The third objective was to initiate the de
velopment of a cooperative effort among the 
various institutions and wood scientists in 
Canada to effectively provide the wood quality 
technical support required by the various tree 
improvement programs.

Recognizing the expanded effort that will be 
required to meet the increasing demand for tech
nical support, the unique capabilities of dif
ferent institutions and specialists and the 
limitations for expansion in most organizations, 
it is imperative that a cooperative strategy be 
developed to optimize the collective contribu
tion of the Canadian wood scientists.

The meeting was structured in four sessions, 
each an hour and a half long. The formal pre
sentation in each session was limited to approx
imately one half hour leaving an hour for dis
cussion. The discussion was tape recorded, 
transcribed and the edited version is included 
in the proceedings.

The first session was Heritability and 
Genetic Relationships for Wood Quality Charac
teristics - The Key. The discussion leaders 
were Paul Jefferson from the University of 
Alberta and Alvin Yanchuk from the Alberta 
Forest Service.

The second session was Defining Wood Quality 
- What's Important? Clayton Keith of Forintek's 
Eastern Laboratory led that discussion.

The third session, Sampling and Quality 
Assessment Methods - Do We Have the Tools?, was 
led by John Balatinecz of the University of 
Toronto and Jean Poliquin from Université Laval.

The final session, Regional Wood Quality 
Interests and Co-ordination - Is there the In
terest and Support?, was led by Bob Kellogg, 
Manager of the Wood Science Department at 
For intek.

The organizers of the workshop wish to thank 
Paul Jefferson, Alvin Yanchuk, John Balatinecz 
and Jean Poliquin for providing their input and 
expertise. It would have been impossible to 
successfully accomplish our objectives without 
their input.

Finally, we would like to thank the Canadian 
Tree Improvement Association, and particularly 
Dr. Armand Corriveau for not only giving us the 
opportunity to present the workshop, but for 
providing assistance in organizing, advertising 
and carrying out the meeting. With the forma
tion of a CTIA Wood Quality Working Group, we 
are delighted that the relationship with the 
CTIA will be on-going.

C.T. Keith, R.M. Kellogg 
Editors
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Heritability and Genetic Relationships for Wood Quality 

Characteristics -  The Key

P.A JEFFERSON, Dept, of Forest Science, University of Alberta, Edmonton, Alberta, T6G 2H1 
A. YANCHUK, Alberta Forest Service, 9915-108 Street, Edmonton, Alberta T5K 2G9

SUMMARY
Genetic parameters are taken from several 

key studies to determine potential gains. Gains 
for branch angle are the highest. The lowest 
gains are in the number of branches per whorl. 
The correlations between internal and external 
quality traits, and volume and quality traits, 
are discussed. Negative genetic correlations 
can cause problems if the breeder wants to 
obtain gains in both traits.

Several workers have proposed independent 
culling levels as a method of achieving gains in 
both volume and relative density. The published 
genetic parameters indicate that it should be 
possible to cull selected populations to avoid 
the reduction in relative density associated with 
volume selections in plus-tree and advanced 
generation selections. Additional improvement 
in relative density to counteract expected 
silvicultural deteriorations in relative density 
will require more than two breeding cycles.

Selection indexes have the potential to 
maximize gains from several traits. The tech
nique requires the tree breeder to determine the 
relative economic value of individual traits. 
There are still some problems when traits have 
negative genetic correlations.

INTRODUCTION
Heritability is a concept which is applicable 

to quantitative characteristics in a specified 
population (Falconer, 1982). It is the amount 
of genetic variation expressed as a ratio of the 
total variation. Wood quality is a concept which

is used to grade the results of the biological 
process of wood production (Larson, 1969). Tree 
breeders have determined the heritability of 
quality traits in young trees, which are con
sidered to play an important role in determining 
wood quality in mature trees. There is a large 
amount of published literature relating to the 
heritability of juvenile wood quality traits. 
It is difficult to establish average heritability 
values because of differences in experimental 
design and populations studied. This contri
bution is confined to several well-designed 
studies, the objective being to demonstrate 
basic trends in order to establish a framework 
within which wood quality can be incorporated 
into tree improvement.

HERITABILITIES OF INDIVIDUAL 
TRAITS

Heritability values are important because 
they give the tree breeder an indication of the 
most efficient type of selection. Traits with 
high heritability can be most efficiently im
proved by mass or combined selection whereas 
family selection is more efficient for traits 
with low heritability (Falconer, 1982). 
Heritability is also an important factor in 
calculations which attempt to predict gain. 
However, in gain prediction it is the com
bination of heritability and coefficient of 
variation which is the critical factor. If 
there is little or no variation the prognosis 
for improvement is as poor as in the situation 
where heritabilities are low or non-significant.



Expected gains expressed in percentage terms of 
the unimproved population are given by:

2where, h is the appropriate heritability 
value ;
cv is the coefficient of variation, and; 
i is the selection intensity.

In the above formula selection intensity is 
expressed in terms of a standardized selection 
differential (Falconer, 1982). Statistical 
tables have been produced which relate percen
tages of populations to standardized selection 
differentials (Becker, 1975). For example, a 
selection of the upper 50 percent of a population 
will be a selection intensity of 0.798.

Quality traits must compete with volume when 
various selection strategies are evaluated. The 
several quality traits can be conveniently 
classified as either internal or external. 
Consider the potential gains associated with 
selection of the upper 50 percent of a population 
for a single quantity or quality trait. Percen
tage potential gains will differ with the 
heritabilities and coefficients of variation 
associated with each trait. Table 1 gives some 
typical values taken from well-designed studies 
for heritabilities and coefficients of variation 
associated with volume and external wood quality 
traits. The absolute values of these parameters 
may change from species to species but the 
relative rankings of the traits are more 
constant. There are several important points 
worth emphasizing (see Table 1):

1) Heritabilities of stem straightness, branch 
quality, and volume differ only slightly. 2

2) The coefficient of variation for volume is 
much higher than those of stem straightness 
and branch quality.

3) The higher coefficient of variation asso
ciated with volume means that the potential 
percentage gain is double those of stem 
straightness and branch quality.

4) Branch diameter has a low heritability and 
coefficient of variation which combine to 
give very low percentage gains.

5) Branch angle has high heritability and a 
good coefficient of variation which combine 
to give the highest potential percentage 
gains.

6) A non-significant heritability value for the 
number of branches per whorl results in the 
lowest potential percentage gains.

Internal quality traits (Table 2) generally 
have greater heritabilities than volume and 
external wood quality traits. However, these 
high heritabilities are associated with lower 
coefficients of variation resulting in potential 
percentage gains which are lower than those for 
external quality characteristics and volume.

The preceding discussion has dealt with 
juvenile traits. Heritability estimates of 
mature traits are more difficult to obtain. 
However, good juvenile-mature correlations have 
been established in several studies (Nepveu and 
Birot, 1979 ; Loo e_t a_l. , 1984 ), indicating that
the preceding arguments and conclusions can be 
applied to mature as well as juvenile traits.

GENETIC RELATIONSHIPS BETWEEN 
TRAITS

The geneticist is primarily interested in 
genetic correlations. Traits which are posi
tively genetically correlated cause few problems. 
The breeder is able to obtain gains in both 
traits by selecting for one trait. The corre
lated response of the non-selected trait is 
given by:

2



correlated response =

h2 x r x C.V. x i [2]g
2where, h is the heritability of the directly 

selected trait;
r is the genetic correlation betweeng
the two traits;
C.V. is the coefficient of variation of 
the trait which is being indirectly 
selected, and;
i is the selection intensity (Falconer, 
1982) .

The same formula can be applied to negatively 
correlated traits; the only change being that 
the genetic correlation will be negative.

Negatively correlated traits which are 
considered to be economically important cause 
problems for the tree breeder. Attempts have 
been made to select for negatively correlated 
traits by separate independent culling cycles 
each of which concentrates on a given trait or 
by incorporation of traits into a selection 
index.

There are several studies which have dealt 
with the genetic correlations between qualitative 
and quantitative traits. Results of different 
studies can contradict each other and the poten
tial number of correlations is large. This 
contribution will consider three main groups of 
correlations : 1 2 3

1) Correlations between volume and quality 
traits.

2) Correlations between external quality traits.

3) Correlations between internal and external 
quality traits.

CORRELATION BETWEEN VOLUME 
AND QUALITY TRAITS

There is some question as to which volume 
trait is the most appropriate when the breeder 
is trying to measure correlations with quality 
traits. One of the authors found the correlation 
between relative density and diameter to be 
higher than the correlation between relative 
density and height (Yanchuk, unpublished data).
It is often difficult to inte rpret the signi-
ficance of diameter and height and t hei r
correlation with quality traits. The major
problem is that most published studies in forest 
genetics do not indicate if heritabilities or 
genetic correlations are significant. The 
remainder of the discussion will consider volume 
as one indivisible trait.

External quality traits are positively 
genetically correlated with, or independent of, 
volume traits (Dean e_t a_l. , 1984; Merrill and
Mohn, 1985; Jarret, 1976).

The relationship between internal quality 
traits and volume is less promising. Most 
effort has been directed towards establishing 
the relationship between relative density and 
volume. The majority of studies show that there 
is a negative genetic relationship between 
relative density and volume (Dean et _al., 1983;
Shelbourne e_t cï̂ . , 1969).

The most common approach which utilizes 
independent culling selects a population on the 
basis of quantity traits and then selects 
individuals within the population on the basis 
of their high relative density (Gonzalez and 
Kellogg, 1978; Jett and Talbert, 1982). The 
major reason for selecting first on the basis of
volume and then on relative density is the
higher cost of screening for relative density
( Jett and Talbert, 1982). The two major
questions which tree improvement program 
managers are concerned with are:
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1) When selecting for volume the relative 
density of the population will be reduced. 
Is it possible to select for relative 
density in order to bring relative density 
back to the same level as in the base 
population?

2) New improved trees are generally grown in
intensive silvicultural regimes which may 
cause a silvicultural deterioration in tree 
relative density due to the increased pro
portion of low-density corewood (Bendtsen, 
1978). Is it possible to select for 
relative density in order to increase tree 
relative density to negate the adverse
influence of intensive silvicultural 
practices?

Selection intensities in tree improvement 
change depending on the stage of the program. 
Selection intensities can be as high as one in 
100 to one in 1,000 in plus-tree cruising (Zobel 
and Talbert, 1984). In advanced generation 
selections the selection intensity for any one 
trait is reduced to 50 percent or below (Jett 
and Talbert, 1982). Cost of relative density 
measurement and reluctance to discard individuals 
selected on the basis of volume effectively 
reduce selection intensities for relative 
density in plus-tree cruising. In the following 
calculations a maximum relative density selection 
intensity of 50 percent is assumed even in plus- 
tree cruising. Three parameters which are of 
interest to tree breeders have been calculated:

1) Equation [2] gives an estimate of the 
magnitude of the relative density reduction 
associated with volume selection in 
plus-tree cruising and advanced generation 
selections. 2

2) Equation [1] gives the required culling 
levels to maintain relative density at 
pre-selection levels.

3) The fall in volume associated with relative
density culling can be obtained from
Equation [2].

The calculations for plus-tree cruising and 
advanced generation selection are basically the 
same. The only factor which changes is the 
initial selection intensity which is applied to 
the volume trait (i.e., one percent for plus- 
tree cruising and 50 percent for advanced 
generation selections).

Three studies were chosen on the basis of
their superior experimental design. The genetic 
parameters taken from these studies are presented 
in Table 3. The expected response of relative
density to plus-tree selection (best tree in 
100) on the basis of volume is a drop of about 
two percent (see Table 4). To counteract this 
reduction of relative density requires a culling 
of the lower 50 percent of the trees. The
reduction in relative density is dependent on 
the significance of the volume heritability 
estimate. If volume heritability estimates are 
non-significant, there will be no correlated 
relative density response. The reduction in 
volume caused by the direct selection for 
relative density (culling) is more certain 
because of the higher heritability of relative 
density. The indirect effect of culling to 
maintain relative density is a drop in volume of 
three percent (see Table 4). When genetic
correlations and relative density heritabilities 
are high the fall in relative density is almost 
doubled (Shelbourne et al., 1969)(see Tables 3 
and 4). High genetic correlations and herit
abilities combine to give an indirect reduction 
in volume, associated with relative density 
culling, which is three or four times greater 
than the normally expected reduction (Shelbourne 
ej: _al., 1969 )(see Table 4). If volume herit
abilities are significant most of a 50 percent 
selection intensity for relative density will be 
required to maintain relative density at pre
selection levels. Unless the tree breeder is
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able to increase the selection intensity, it is 
unlikely that it will be possible to obtain any 
gain in relative density in plus-tree selection.

In more advanced tree breeding, because of 
the lower selection intensity applied to volume 
selection, the indirect reduction in relative 
density is generally below one percent. The 
culling required to maintain relative density is 
subsequently about 10 percent and the reduction 
in volume associated with the culling falls to 
one percent. When genetic correlations and 
relative density heritabilities are high the 
reduction in volume associated with culling to 
maintain density is three or four times the 
normally expected reduction (Shelbourne et al., 
1969)(see Table 4). The reduced culling levels 
to maintain volume in advanced generation 
selection give the breeder some opportunity to 
improve relative density without exceeding the 
50 percent selection intensity.

There is general agreement that intensive 
silviculture for many species will reduce 
relative density, however opinions differ on the 
magnitude of the reduction. It has been sug
gested that tree relative density will be 
reduced by two to seven percent (Bendtsen, 1978; 
Ottens and Carlisle, 1976). An average target 
for the tree breeder to aim at would be to in
crease relative density by five percent. 
Expected gains have been calculated assuming 
that the first 10 to 13 percent of the selection 
intensity will be required to maintain relative 
density (see Table 5). Expected gains range from 
1.5 to 2.5 percent, indicating that at least two 
generations of selection will be required to 
achieve the five percent objective. In advanced 
tree improvement the breeder has a variety of 
selection units available; for example, families, 
individuals within a family, or a combination of 
the two. At a 50 percent selection intensity 
two generations will be required to achieve the 
five percent objective no matter what selection 
unit is considered. Once the five percent 
objective has been attained it will presumably

not be necessary to select any further to avoid 
the effects of a silvicultural deterioration in 
relative density.

CORRELLATION BETWEEN EXTERNAL 
QUALITY TRAITS

Correlations between external quality traits 
are of interest because of their large number. 
Selection of external quality traits which are 
highly correlated will increase gains (Campbell, 
1963). Early work on these correlations was 
confined to phenotypic correlations. As more 
genetic material has become available more 
genetic correlations have been published. The 
literature relating to the genetics of external 
wood quality traits was reviewed by Jarret 
(1976). There are several studies which have 
reported different correlations between traits. 
Results vary depending on the species and 
provenance. For a complete review of the 
literature the reader should consult Jarret 
(1976). There are some general trends which 
occur in all the published results:

1) A negative genetic correlation between
branch angle and branch diameter.

2) A negative genetic correlation between the
number of branches per whorl and branch
angle.

There are a large number of possible corre
lations between the external quality traits. 
Generally breeders calculate only those corre
lations which appear to be potentially interest
ing. Campbell (1963) used path analysis to 
determine which were the most important traits 
in plus-tree selection. Unfortunately, there 
are no published studies which have used this 
technique with genetic correlations between 
external quality traits. Path analysis provides 
a more logical framework within which the 
relationships between traits can be determined.
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CORRELATION BETWEEN INTERNAL a weighted linear regression. The index value
AND EXTERNAL QUALITY TRAITS of an individual is given by:

Correlations between internal and external 
quality traits can be either negative or posi
tive within the same species (Stonecypher 
_et a_l. , 1973; McKinley et al. , 1982). When 
correlations are positive the tree breeder can 
improve either trait by selection of the other. 
For example, quickly assessed external traits 
can be used in indirect selection for internal 
quality traits. The physiological basis for 
indirect selection of relative density in pines 
by direct selection of crown characteristics has 
been established (Larson, 1969). The external 
wood quality traits or, more precisely, crown 
characteristics, are closely related to the bio
logical process of wood formation. It may be 
possible that indirect selection of wood quality 
through crown characteristics is more efficient 
than direct selection of relative density.

Despite the biological connection between 
internal and external wood quality traits little 
research effort has been directed towards estab
lishing genetic correlations. McKinley e_t al. 
(1982) found that relative density was moderately 
to highly correlated with straight stems, narrow 
crowns and horizontal branch angle. These ex
ternal traits might be used to indirectly select 
for relative density (McKinley et a_l. , 1982).

MULTI-TRAIT SELECTION
The preceding discussion has concentrated on 

individual trait selection. In practice the 
tree breeder wants to improve as many traits as 
possible with the objective of maximizing value. 
There are trade-offs between the cost of measure
ment and potential gains.

Selection indexes are considered to be the 
most efficient method of maximizing gains from 
several traits in a single selection (Young, 
1961). The technique is based on discriminant 
functions (Smith, 1936). The selection index is

1 = blXl + b2X2 + + b x n n [3]

where, I is the index value of the individual;
b is weighting coefficient of given 
trait, and ;
x is the phenotypic value of the trait.

The b values are determined to maximize the 
correlation between breeding values and the 
phenotypic values in the index. The b values 
which maximize this correlation are given by:

b = P_1 Ga [4]

where, b is a column vector of the coefficients 
to be applied to the phenotypic values;

P 1 is the inverse of the phenotypic 
variance-covariance matrix;

G is the genetic variance-covariance 
mat ri x ;

a_ is the column vector of economic 
weights.

The technique of selection indexes is well 
developed in animal breeding. However, many 
tree breeders are still not fully conversant 
with the technique. Breeders who have sufficient 
background in biometrics are recommended to read 
Arbez et al. (1974), Lin (1978), Boradat (1982) 
and Talbert (1984). Those who are uncertain are 
recommended to consult a biometrician who is 
conversant with the potential and limitations of 
the technique. There is one publication dealing 
with the practical problems encountered in tree 
breeding (Arbez e_t £1̂ . , 1974 ). The theory and
application of selection indexes has advanced 
since 1974, however several points stated by 
Arbez et a_l. are worth emphasizing.
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1) The economic gains from increases in tech
nical factors cannot be easily predicted. 
For example, increased volume can be 
interpreted either as an increase in log 
volume or as a reduction in rotation age.

2) It is not important to know the absolute 
economic value of a given trait. What is 
important is the relative value of that 
trait compared to the other traits in the 
index.

3) The strength of juvenile-mature correlations 
is an important factor in the efficiency of 
the selection index. Breeders should try to 
ensure selection is applied when juvenile- 
mature correlations are stable.

4) When two traits have a high negative genetic 
correlation simultaneous gains in both 
traits will be very low.

5) Certain qualitative traits may have to be 
transformed to ensure that the trait is 
normally distributed.

The classical selection index approach 
assumes that economic weightings are known. 
These economic weights are not always available. 
Baradat (1979) varied technical weightings in a 
sensitivity analysis of expected genetic gains 
to changes in technical weightings. The quantity 
trait was height and the quality trait was stem 
basal curvature. It was concluded that in a 
population of maritime pine (Pinus pinaster Ait.) 
it was not possible to maximize gain in both of 
the traits. However, it was possible to achieve 
gains in both height and stem basal curvature. 
The cumulative gains of both traits were maxi
mized by giving the basal curvature a weight of 
-7 and volume a weight of one. These weightings 
gave predicted gains of 10 percent in height and 
30 percent in basal curvature. Gains in either 
individual trait could be increased by altering 
the weightings but the increase in gain is 
achieved at the expense of the other trait. 
Forty percent gains in basal curvature could be

achieved but the gains in height would drop to 
about one or two percent (Baradat, 1979).

CONCLUSIONS
The negative genetic correlations between 

volume and quality traits and amongst quality 
traits make it difficult to maximize gains in 
all the individual traits. Gains in one trait 
are achieved at the expense of another. In a 
study where negative genetic correlations were 
found between volume and relative density, it 
was proposed to select sublines to improve each 
individual trait (Dean £t al. , 1983). The
objective was to produce a hybrid population 
with high volume and high relative density. 
This strategy may be a good solution to avoid 
the adverse effects of the negative genetic 
correlations.

Despite the problems associated with selec
tion of quality traits gains have been reported 
in tree improvement programs. Zobel and Talbert 
(1984) reported substantial gains in relative 
density from selection favouring trees with 
desirable relative density.
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Table 1
Heritability Values and Expected Gain 

in Wood Quality Traits

Species Authority Trait Heritability Va riation Percentage
(C.V. ) Gain from

50% Selected

Pinus radiata Dean et al. Volume 0.24 (0.ID* 0.48 9.2
(D. Don) (1983)

Stem straightness 0.21(0.10)* 0.30 5. 0

Branch quality 0.18(0.09)* 0.36 5.2

Picea qlauca Merrill & Mohn Branch diameter 0. 16 0.15 1.9
(Moench)Voss (1985)

Branch angle 0.44 0.48 16.9

Branches 
per whorl

0. 01 0.25 0.2

*Standard errors are given in parent hesis.

Table 2

Heritability Values and Expected Gain 
in Internal Wood Quality Traits

Species Authority Trait Heritability Va riation 
(C.V.)

Pe rcentage 
Gain from 

50% Selected

Pseudotsuqa 
menziessii 
(Mi rb.)Franco

Bastien et al. 
(1985)

Relative density 0.20-1.00 
(mean 0.08)

0. 04 2.5

Pinus radiata 
(D. Don)

Nicholls et al, 
(1980)

. Relative density 0.43-(0.16)* 0. 09 3.1

Pinus radiata 
(D. Don)

Nicholls et al. 
(1964)

. Tracheid length 0.28(0.13)* 0. 15 3.4

Populus 
t remuloides 
(Michx)

Yanchuk et al. 
(1983)

Fibre length 0.43(0.11)* 0. 10 3.4

*Standard errors



Table 3

Genetic Parameters for Evaluation of Expected 
Volume/Density Response

Authority Species h2
(Volume)

h2
(Relative)
Density)

C.V.
(Relative
Density)

C.V.
(Volume)

rG
(Volume/
Relative
Density)

Dean et al. 
(1983)

Pinus 
Radiata 
(D. Don)

0.24 (0.11)* 0.33 (0.22) 0. 08 0.48 - 0.31

Yanchuk 
(Unpublished 
Data )

Pinus 
conto rta 
Dougl.

0.30 (0.08) 0.43 (0.08) 0. 07 0.31 - 0.36

Shelbourne 
et al. 
(1969)

Pinus 
taeda L.

0.23 0. 64 0.07** 0.30** - 0. 86

* Standard errors are given in parenthesis.

** Values not stated in publication, typical values assumed.

Table 4

Expected Responses to Selection For Volume

Source of
Genetic
Parameters

Indirect Relative den
sity Response (%) to 

Direct Volume 
Selection of Intensity

Percentage cull Required 
to Maintain Relative 
Density After Direct 
Volume Selection of 

Intensity

Loss in Volume Correlated 
with Cull to Maintain 
Relative Density After 
Direct Volume Selection 

of Intensity

1% 50% 1% 50% 1% 50%

Dean et Al 
(1983)

-1.8 -0.5 42 10 3.4 1 . 0

Yanchuk 
(Unpublished 
Data )

1 to O -0.6 41 10 3.1 1.8

Shelbourne 
et al 
(1969)

-3.7 -1.1 51 13 13.6 4.1
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Table 5
Expected Response to 50 Percent Selection 
on the Basis of Relative Density Values

Source of Genetic Parameters Relative Density Response Indirect Volume Response
to 50% Direct Selection to 50% Selection for

Relative Density

Dean et a_l. (1983) 1.6 - 2.9

Yanchuk (Unpublished Data) 1. 8 - 2.9

Shelbourne et al. (1969) 2.5 1 O



QUESTIONS AND DISCUSSION

C heliak:
In a study of 100 open pollenated jack pine 

families we have found essentially no correlation 
between specific gravity, as assessed with a 
pilodyn instrument, and height, but a fairly 
high negative correlation with diameter. I'm 
not sure how concerned we should be with this 
expected drop in wood density.

Imada:
One needs to also take into consideration 

that the shorter rotation ages anticipated are 
also going to reduce wood density.

Yanchuk:
That's what I refer to as the silvicultural 

deterioration of specific gravity.

Imada:
For certain uses we may not have to be con

cerned with that reduction; for example when it 
is offset by high yields for solid wood users 
and perhaps for kraft pulp.

Y anchuk:
Perhaps there is an allowable level of wood 

density reduction for which it can be assumed 
that technological solutions can be found for 
any problems that may arise as a result. For 
example, finger jointing of dimension lumber can 
produce a product with greater uniformity.

Cheliak:
I believe it has been shown with southern 

pines that certainly the magnitude and in some 
cases the sign of the correlation between height 
growth and wood density can change over time. 
It is important to keep track of these correla
tions both within and between generations. It 
must also be examined for each species in which 
we are interested. In some populations you do

have the option of selecting for height growth 
and finding a relatively independent relationship 
with specific gravity.

Kellogg :
I'd like to comment on the effect of a 2% 

reduction in specific gravity. It doesn't seem 
like much of a loss, but if you apply it to the 
total resource going into the coastal pulp mills 
of British Columbia it has been estimated to 
represent an annual product value loss of $28 
million. That's not just for one year but for 
every year. Obviously, not all the wood going 
into the pulp mills is going to be intensively 
managed so that you would have to downgrade the 
estimate of value loss, but even if its only 
10-20%, it results in a very large difference in 
value every year. I think that must be given 
serious consideration when we say we can't afford 
to include wood density into a tree improvement 
program. We may not be able to afford not to 
include it.

Yanchuk:
I was simply pointing out that the genetic 

deterioration will occur. We need information 
on the magnitude of both genetic and silvi
cultural deterioration so that we can set real
istic selection intensity goals. At present, we 
don't really know what our goals should be for 
each species or rotation length. We do know 
that we must use a 30% value to get rid of the 
genetic deterioration in relative density asso
ciated with volume selections.

Yeatman:
There is certainly a lot known about these 

relationships for radiata pine in New Zealand 
and Australia. They know that many intensive 
management practices are going to reduce wood
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density. In New Zealand they have found the 
very fastest growing genotype has a very low 
specific gravity and they are, in fact, not using 
that particular tree as a parent in their breed
ing program. They are carefully monitoring wood 
properties such as specific gravity and spiral 
grain. At the moment, I believe their policy is 
to maintain a norm and avoid the extremes in a 
population.

Yanchuk:
I believe it would be relatively easy for us 

to maintain the average wood specific gravity 
for a species.

Yeatman:
In New Zealand they do not accept that their 

fast-grown wood is of low quality. In fact, 
they consider radiata pine is good for structural 
timber. They are after uniformity of quality.

Cheliak:
All of this assumes there are no "Libbyonian" 

correlation breakers. There may be ways, apart 
from the sexual process to deal with some of 
these problems. There may be the odd tree that 
has a fast rate of growth and produces high 
density wood. We may be able to include such a 
tree into a tree improvement program in an a- 
sexual way.

Bégin:
We should be cautious about tailoring trees 

for a specific end use. If we tailor wood for 
pulping by breeding for long fibers and the 
desired density, but ignore stem form we may 
have produced a product which has poor quality 
as a sawlog.

Yanchuk:
I understand what you are saying, but it 

ought to be possible to plant particular re
generation blocks with particular end-products 
in mind. We might produce both high and low

wood density plantations. This information would 
be documented and used in determining its optimum 
utilization at the end of the rotation.

Krugman:
I'd like to comment on some experience with 

wood density selection in our southern program. 
Our early selections in the 1950's for high wood 
density parent trees in the wild did not prove 
successful under managed stand regimes. We 
dropped that program and started selecting trees 
for density from managed stands. We then started 
to get some consistency and the previous ano- 
molies disappeared. We select for maximum volume 
growth in the southern pine to be used as a pulp 
resource. We include a consideration of wood 
density, but not the extremes. For other end- 
product uses we try to produce a product with 
average gluing, nail holding, veneer peeling, 
etc. characteristics. We found that simply 
selecting for density was not a viable process. 
You have to keep your management objectives and 
selection strategy coordinated.

Yeatman:
Could we turn our attention to some stem and 

crown characteristics which effect the quality 
of products? You mentioned crown form as a 
characteristic. Would you define it?

Yanchuk:
I would define crown form as a conglomerate 

trait including branch angle, diameter and 
number. It's simply a score on a scale from 1 
to 6 that is based on a visual evaluation of 
these crown traits and hopefully will pull things 
together. It is a crude estimate and certainly 
not as sensitive as measuring the characteristics 
individually, but I believe in the southern pines 
it has proved successful in eliminating the 
extremes.

Yeatman:
In jack pine I have come to the conclusion
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that a general index of crown form is practically 
useless. Jack pine is a notoriously variable 
and rugged individual. It takes some doing to 
find really good looking trees. I feel the 
specific crown characteristics should be eval
uated individually. I think it is confusing 
rather than clarifying to look at crown form as 
a whole.

Yanchuk:
Perhaps the success of a conglomerate crown 

form rating is peculiar to individual species. 
Certainly a breeder must understand the genetic 
correlations between a conglomerate value and 
the individual characteristics. It may be nec
essary to measure the individual branch charac
teristics for jack pine and lodgepole pine. 
It's something that needs to be clarified.

Jefferson :
One problem in multiple trait selection based 

on selection indexes is that generally you are 
limited to 3 or 4 traits. The efficiency of the 
discriminant function reaches a peak at 6 to 7 
traits. However generally there are some high 
negative correlations between traits which fur
ther reduce the number of traits which can be 
incorporated into an index. If several crown 
form traits are included I am concerned it will 
only be possible to include 1 volume or quantity 
trait in the index. I think the individual crown 
form traits will overwhelm the volume trait.

Yeatman:
It is necessary to decide on the weights to 

put on the different traits. In the case of 
jack pine where form is highly variable, traits 
that determine form must receive heavy weighting 
in a selection index. In the case of black 
spruce where crown form is not as variable it is 
not emphasized

Begin:
Perhaps we can select in two steps. First, 

a selection from the forest of a large population 
of trees with good crown form followed by a se
lection from these based on wood density.

Yanchuk:
Theoretically, that works. One should be 

able to get a response from parent tree selection 
with traits that have large variability. The
situation can occur, as Dr. Krugman pointed out, 
where a selection from one environment breaks 
down under different growth conditions. You
have to test these through progeny tests and 
when you are involved in multiple trait breeding, 
it becomes very complicated. The more traits 
you consider, the more compromises you have to 
make. I think it is important to limit selection 
to three traits. The selection index problem is 
relatively stable at this number. Beyond that, 
it starts to break down statistically and will 
probably lead to mistakes.

Yeatman:
I'd like to clarify that. I don't think you 

really reduce the number of traits by lumping 
all the crown form factors into one conglomerate 
trait. It is still composed of separate ones 
which are the basis of crown form.

Yanchuk:
If the conglomerate value doesn't work, you 

should investigate the correlations between the 
individual factors. If you find branch angle 
has a favorable correlation with the other fac
tors you can restrict the crown form selection 
to that factor and can expect it will bring along 
the other factors in a favorable manner. It 
emphasizes the importance of understanding these 
correlations.
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Yeatman:
Indeed it does. I'm getting an uncomforable 

feeling that in jack pine wide branch angle is 
correlated quite strongly with crooked stems.

Jefferson:
I am not certain that correlations between 

traits give the required information. For ex
ample take tree volume - it is composed of height 
and diameter. The correlations between height 
and diameter can be calculated but this does not 
give the relative importance of their contribu
tion to volume. The example I have given is sim
ple because there is a large body of literature 
on the effects of height and diameter on vol
ume. When one considers crown form the contri
butions of individual elements are not so 
apparent.

This problem with jack pine is interesting. 
I don't think selection indexes alone can answer 
the question. Considering the limitations on 
the traits which can be included in a selection 
index and pressure for other quality and quantity 
traits, it is unlikely that the breeder will be 
able to include more than one or two crown form 
traits in a selection index when the objective 
is to select trees for a production seed orchard. 
The question then becomes which are the two most 
important traits. If these two traits are nega
tively correlated, to maximize gains in both 
traits will be extremely difficult.

In the long term there is a possibility of 
improving the several crown form traits in one 
or several sublines with the objectives of adding 
trees of good crown form to the production seed 
orchard population.

Yeatman
Values for heritability of particular traits 

also need to be considered in a selection index.

Yeh:
From a selection point of view I think we 

would have to put a lot of emphasis on trait

selection based on heritability levels, the a- 
mount of variation in the breeding population 
and the genetic correlations with other traits.

I'd like to raise a question about early 
selection. Not too many are going to feel com
fortable basing selections for their breeding 
program on characteristics at six years of age. 
One of the things we can do is to emphasize field 
selections keeping in mind the problem Dr. Krug- 
man has raised. Perhaps we don't understand the 
population structure of natural stands well 
enough. I think we can utilize early selection 
in the field for some of the highly heritable 
traits.

Cheliak:
I wonder what experience people have had 

with regard to the rank stability of wood speci
fic gravity as a function of age. How soon can 
we select for wood specific gravity or branch 
angle and still have the same ranking as in ma
ture trees. I know Drs. Kellogg and Balatinecz 
have information for several species which indi
cates the rank stability for specific gravity is 
quite good beyond about 5 years of age. We are 
going to need more of this sort of rank stability 
information.

Krugman:
For eucalypts with a rotation age of about 

eleven years in south Florida it has been found 
that wood density selection is stable at about 
three years of age. For Pinus taeda and 1?.
elliotii with a rotation of 27-29 years, reliable 
wood density trends are not established until 
about 12 or 13 years of age.

Yeh:
I believe you can recognize the top and bot

tom 15 per cent of a population fairly early. 
It may take considerably longer to properly rank 
the 70 per cent of the population in the middle.
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Yanchuk:
I'd like to conclude the session by comment

ing that I believe we have the necessary genetic 
principals in hand. Unfortunately, test material 
for our species is not yet old enough to permit 
us to really understand the necessary correla
tions. Breeders must obtain this information so 
that they can totally understand the populations 
they are working with. Knowing that we must 
then learn from the wood technologists what 
traits are of primary importance. Also, as Dr. 
Krugman pointed out, synchronization between 
breeding strategies and overall management 
objectives or plans is important.



Defining Wood Q u a lity -W h a t’s Important?

C.T. KEITH, Forintek Canada Corp., Eastern Laboratory, 800 Montreal Road, Ottawa, Ontario, K1G 3z5

SUMMARY
Attempts to define wood quality have been 

made by a number of researchers in the field. 
One of the things that these definitions tend to 
have in common is a view that wood quality can
not be defined without reference to specific end 
products or uses. Determining "What's important" 
with respect to wood quality characteristics 
depends to a great extent on the intended end 
product or use. With this concept in mind, rel
evant wood characteristics are discussed under 
three categories: (1) Anatomical, (2) Chemical, 
and (3) Physical-Mechanical.

Important anatomical characteristics include 
individual fibre properties such as length, 
width, wall thickness and microfibril angle. 
Also important is the proportion of the various 
types of cells and tissues present, including 
the proportions of earlywood and latewood. Where 
decay resistance is required, the extent and 
nature of heartwood is significant as is the 
width and permeability of sapwood.

Chemical composition can affect the yield 
and quality of pulp and paper products as well 
as the suitability of wood wastes for bioconver
sion to organic chemicals. The quality of solid 
wood products may be influenced by a host of 
physical and mechanical characteristics that 
affect dimensional stability, stiffness, strength 
and working qualities. Specific gravity of wood 
is a useful indicator of many of its important 
characteristics.

INTRODUCTION
Over the years, many thoughts have been 

offered regarding the problem of defining wood 
quality. Harold Mitchell who was involved with 
this subject at the U.S. Forest Products Lab for 
many years described wood quality as "that com
bination of physical and chemical characteristics 
of a tree or its parts that permit the best 
utilization of the wood for the intended use".

The concept that the evaluation of timber 
quality necessarily involves consideration of 
its end use was expressed in publication as early 
as 1664 by John Evelyn writing in Sylva. This 
concept appears to be as valid today and I refer 
to Bruce Zobel's recent comment "wood quality 
can only be accurately defined when the final 
product is known". Zobel also goes on to say 
however "unfortunately, many wood users do not 
know, except in a vague and general way how their 
final product is affected by different wood 
qualities".

As a final comment with regard to definitions 
of wood quality, I would draw your attention to 
the thoughts expressed by Philip Larson in his 
1969 Yale University Bulletin. "During wood 
formation, numerous factors both inside and out
side the tree lead to variation in the type, 
number, size, shape, physical structure and 
chemical composition of the wood elements. Wood 
quality is the arbitrary classification of these 
variations in the wood elements when they are 
counted, weighed, measured, analyzed or evaluated 
for some specific purpose."
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For purposes of discussion, the qualities or 
characteristics of wood that influence its suit
ability for different purposes are subdivided 
into the following 3 categories:

I Anatomical Characteristics
II Chemical Characteristics
III Physical and Mechanical Characteristics

ANATOMICAL CHARACTERISTICS
Tissue Ratios

This includes parameters such as proportions 
of cell types, ray volume, etc. These apply 
more to hardwoods and affect many properties 
such as appearance, density, strength, and di
mensional stability. The proportion of early- 
wood to latewood is one of the most important 
characteristics affecting the properties of 
coniferous wood. Depending on the degree of 
contrast between the two tissues, the specific 
gravity of latewood can be two to three times 
that of earlywood of the same growth increment. 
The earlywood/latewood ratio is therefore di
rectly related to wood density, strength, pulp 
yield and associated properties.

The degree of contrast and the abruptness of 
transition from earlywood to latewoodhas an in
fluence on wood's machining, nail holding and 
finishing characteristics which will be dis
cussed in more detail later.

Individual Fibre Characteristics
These characteristics tend to have their 

greatest influence on the properties of pulp and 
paper and other reconstituted fibre products. 
As illustrated in Figure 1, long fibres increase 
most strength properties, especially tear. im
proved fold and tensile strength of long-fibred 
pulps develop only after beating.

Differences in the pulp and related prop
erties of juvenile as compared with mature wood 
(Table 1.) are due to the different character
istics (fibre length, diameter, wall thickness) 
of these two types of raw material.

Microfibril angle, the angle between the 
cell axis and the direction of orientation of 
the microfibrils in the thickest layer of the 
cell wall is recognized as an important charac
teristic that influences shrinkage and swelling 
and strength properties of wood. The high fi
bril angle in juvenile wood is repsonsible for 
its higherthan-normal longitudinal and lower- 
than-normal transverse shrinkage.

A graphic illustration of the normal pat
terns of variation in a number of properties of 
wood from the juvenile to the mature condition 
is shown in Figure 2. Specific gravity, percent 
latewood, strength, transverse shrinkage, cell 
length and cell-wall thickness all tend to in
crease outward from the pith while moisture con
tent, longitudinal shrinkage and fibril angle 
tend to decline. More-or-less stable conditions 
which characterize mature wood tend to develop 
in the area of 5-20 rings out from the pith.

The use of a selection and breeding program 
to improve these characteristics of wood is rel
atively successful for some characteristics and 
less so for others. A ranking of some wood and 
fibre characteristics according to the relative 
ease with which they may be improved through 
selection and breeding is shown in Table 2.

Sapwood-Heartwood Transformation
The sapwood-heartwood transformation is an 

important consideration in relation to natural 
decay resistance and permeability properties of 
wood. There is evidence for some hardwoods such 
as teak and eucalyptus that heartwood decay re
sistance may be under genetic influence. Where 
heartwood lacks natural decay resistance as in 
native spruces and true firs, wide sapwood might 
be a desirable characteristic to perpetuate. 
Decay resistance may not always be a desirable 
feature as for example in microbiological con
version of wood wastes.
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Reaction Wood
Reaction wood, particularly compression wood 

in conifers is undesirable for virtually all 
uses and its occurrence should be reduced by all 
means (genetic, silvicultural) that are 
effective.

CHEMICAL CHARACTERISTICS
Extractives:

Except for special cases where extractives 
promote decay resistance or possibly reduce 
dimensional changes, these substances are un
desirable. Gummy substances can create problems 
with machinery and tools and also with paints 
and other finishing materials. For pulp, the 
presence of extraneous substances reduces yield 
and consumes chemicals.

Lignin:
Lignin also reduces the yield of pulp and 

causes higher consumption of chemicals. As shown 
in Figure 3, lignin content tends to be highest 
in the first growth rings close to the central 
pith. From there it declines progressively to a 
more-or-less stable mature wood value after about 
15-20 years.

Cellulose:
Cellulose contents are generally lower in 

the juvenile wood and gradually increase to a 
more-or-less stable level after about 15-20 years 
(Figure 4.). Data for Cross & Bevan cellulose 
content of young radiata pine stems shows that 
maximum values may be reached in this species in 
only 7 or 8 years (Figure 5.). Substantial 
variation in cellulose content is apparently 
found between individual trees.

PHYSICAL AND MECHANICAL 
CHARACTERISTICS

Moisture Content:
Reduction in moisture content through a 

selection program would be expected to reduce

costs associated with handling and transporta
tion. Elimination of excessive differences in 
moisture content within a stem (ex. wet pockets) 
would facilitate seasoning.

Shrinkage and Swelling:
Abnormally high longitudinal shrinkage in 

the juvenile core was mentioned previously in 
connection with fibril angle. This shrinkage 
makes this material susceptible to distortion 
and degrade during seasoning. Any reduction in 
corewood longitudinal shrinkage or reduction in 
the volume of the juvenile core would be benefi
cial .

Permeability:
Improved permeability would increase the 

value of non-durable species. This might be 
accomplished in some instances by increasing the 
width of the sapwood zone.

Machining Qualities:
Good machining qualities in softwoods are 

traditionally associated with material that tends 
to be more nearly uniform in its structure i.e. 
wood which lacks a prominent contrast between 
earlywood and latewood bands and which is char
acterized by a fairly gradual transition from 
one to the other.

Fast grown wood is reported to be difficult 
to machine into complex patterns (finger joints, 
etc. ) and is more susceptible to raised grain 
and related problems. Paint retention is also 
noteably poor on such material and exposed late- 
wood bands take nails with difficulty and tend 
to split.

Strength Properties:
Strength properties are, for the most part, 

closely related to wood density and are therefore 
influenced by those parameters that affect den
sity. The low density of juvenile wood, however, 
is generally insufficient to account completely 
for its inherent weakness, suggesting that other 
factors such as fibril angle also make a contri
bution .
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Comparative properties of plantation-grown 
and forest-grown wood of different species as
sembled from the literature are shown in Table
3. The youth and/or rapid growth of the planta
tion material result in typically lower specific 
gravity and strength values.

Basic Specific Gravity of Wood:
Specific gravity of wood derives from a com

plex of characters each of which contributes to 
the overall SG and each of which may or may not 
be genetically independent of the other. These 
characters include cell dimensions such as width 
of cell, thickness of cell wall and the propor
tions of thick- to thin-walled cells in the 
annual layer.

Because of its derivation from basic fibre 
characteristics, specific gravity is closely 
related to and can be used to predict strength 
properties; wearing qualities; shrinkage charac
teristics; woodworking, painting, gluing and 
nail holding properties; as well as shipping 
weights; fuel value; heat conductivity and pulp 
yields. Indeed, no single wood property has 
been more thoroughly investigated and found to 
have wider application in the evaluation of wood 
quality for pulp, lumber or composite products.

Evidence from around the world is quite con
clusive that patterns of variation in specific 
gravity of wood from the centre of the stem to 
the outside are species dependent. Some of these 
patterns are illustrated in Figure 6. In the 
hard pines, specific gravity tends to be low in 
the central part of the stem and increases toward 
the outside. A similar pattern is found in 
Douglas fir.

Spruces, on the other hand, and probably 
true firs do not show a radial density 
gradient. In these species, characterized by 
less severe contrast between earlywood and late- 
wood in the annual layer, specific gravity is 
closely correlated (negatively) with rate of 
growth (ring width) which does not seem to be 
the case in the hard pines and Douglas fir.

Although high specific gravity is desirable 
for lumber strength, pulp yield, etc., it may 
not be preferred for all uses. For products 
such as particleboard, medium density fibreboard 
and for those pulp properties which are associ
ated with fibre bonding, lower density wood is 
preferable.

In providing a key to the general suitability 
of wood for many purposes, specific gravity is 
undoubtedly the best single indicator. After 
assessing this factor, other characteristics 
such as fibre length, fibril angle, longitudinal 
shrinkage and chemical composition can add to 
our information as time and facilities permit.
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Table 1.
Comparative properties of juvenile and 
mature wood of loblolly pine. (From 
Zobel 1976)

W o o d  P r o p e r ty
11 -Y ea r-  
o ld  tre e s  
( ju v e n ile )

3 0 -Y e a r -  
o ld  tre e s  
( m a tu r e )

Specific gravity 
Tracheid length,

0.42 0.48
mm

Cell wall thickness,
2.98 4.28

p m 3.88 8.04
Lumen size, p m 42.25 32.78Cell diameter 50.01 48.86

aAdapted from Zobel and Kellison (9).

Table 2.

Ranking of wood and tracheid charac
teristics according to the relative 
ease with which they may be improved 
through a selection program. (From 
Zobel 1971)

Ease of change Characteristic

Easiest

Intermediate

Most difficult

1. Tracheid length, summerwood
2. Percent summerwood of tree
3. Specific gravity of tree
4. Tracheid width, springwood
5. Tracheid length, springwood
1. Specific gravity, summerwood
2. Double wall thickness, summerwood
3. Tracheid width, summerwood
4. Ratio of wall thickness to radial width, 

springwood
1. Ratio of wall thickness to radial width, 

summerwood
2. Double wall thickness, springwood
3. Specific gravity, springwood

1 Adapted after G o <;<;a n s  [ 19(141.



Specific gravity and mechanical pro
perties of plantation - and forest- 
grown conifers. (From Bendtsen 1978) 
SG is based on weight and volume oven- 
dry. Mechanical properties are at 12% 
MC.

Table 3.

M aximum
crushing
strength

(compression!!)
(psi)

S tress a t 
proportional S hear H ardness

Species SG3
MOR
(psi)

MOE
(1,000 psi)

(com pression 1 ) 
(psi)

to g rain  
(psi)

End
(lb.)

Side
(lb.)

European larch
P lantation 0.45 8,500 1,010 4,280 890 1,510 800 610
Forest .50 11,400 1,390 6,370 780 1,455 1,100 920

A ustrian  pine
P lantation .50 8,900 1,020 4,020 910 1,590 790 780
Forest' — 11,600 1,430 6,130 — 1,400 — 660

Jack  pine
P lantation .43 8,700 1,170 4,180 720 1,410 780 620
Forest .46 7,900 1,220 5,400 820 1,120 660 580

Red Pine
P lantation .39 8,500 1,100 3,880 680 1,320 560 440
Forest .51 12,500 1,800 7,340 830 1,230 670 580

Scotch pine
P lanation .44 9,400 1,390 5,030 670 1,340 640 500
Forest .49 11,700 1,600 6,250 750 1,470 840 850

E. white pine
Plantation .32 6,800 955 3,610 440 790 420 310
Forest .37 8,800 1,280 4,840 550 860 500 400

Norway spruce
Plantation .37 8,500 1,440 4,540 530 720 550 430
Forest .40 11,100 1,710 — — 924 — —

'Adapted from reference (39).
'M echanical property values are for 12 percent MC.
'B ased upon ovendry weight and volume.
'P roperties for forest grown A ustrian  (Corsican) pine from reference (32).
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Fig. 1. Variation in pulp strength properties 
in relation to fibre length. The fibres 
used were from Araucaria klinkii cut to 
predetermined lengths. (From Dadswell 
et al 1959)



Fig. 2. Schematic representation of the gradual 
change in proerties from juvenile wood 
to mature wood in conifers. (From 
Bendtsen 1978)

1930 1935 1940 1945 1950
Years

1955 1958

Fig. 3. Patterns of variation in lignin content 
with age in Douglas-fir. The "treat
ment" involved is thinning plus ferti
lization. (From Erickson and Arima 
1974)
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Patterns of variation in holocellulose 
and alpha cellulose content with age in 
Douglas-fir. The "treatment" involved 
is thinning plus fertilization. (From 
Erickson and Arima 1974)

Fig. 4.

Fig. 5.

Variation in Cross and Bevan cellulose 
content in Australian radiata pine. 
(From Dadswell et al 1959)

P. RADIATA EX. A.C.T.-BUTT LEVEL 

VALUES FOR 15 TREES
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RADIATA PINE-NZ.

NORWAY SPRUCE - FINLAND

LOBOLLY PINE - U.SA

NUMBER OF ANNUAL GROWTH LAYERS 
FROM THE PITH

Fig. 6. Radial patterns of variation in wood 
density. (From Harris 1981)
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QUESTIONS AND DISCUSSION

Imada:
The wood quality-pulp quality relationships 

which you mentioned related mainly to low-yield 
chemical-type pulps. For high-yield mechanical 
or chemi-mechanical pulps however, the relation
ships may not be so clear. We have done a small 
study recently on some young jack pine material 
having lower density and shorter fibre length 
associated with its juvenile condition. Chemi- 
mechanical- type pulps made from such material 
were better for our purposes than pulps made 
from more mature material.

Keith:
Quite right, the literature shows that high 

specific gravity wood is not best for all pulp 
properties. In fact those properties such as 
burst which appear to be associated more with 
bonding characteristics are generally better in 
low specific gravity material.

Kellogg :
I would like to ask Sandy Imada about the

quantity of pulp recovered in her study. Did
the low specific gravity of the wood make a 
significant difference in this respect? Since 
pulp is normally sold by the ton, at a given
yield level, lower S.G. furnish should give fewer 
tons of pulp for a given volume of wood.

Imada:
The quantity aspect is not a great concern 

to us as our process is not suitable for jack 
pine - at least the more mature type with ex
tractives and stiff fibres that resist collapse. 
We are generally able to use only 10-15% jack
pine in our furnish and it seemed to us from the 
results of our study that the use of younger 
(juvenile) material may allow us to increase 
this amount.

Balatinecz:
Current global trends in the pulp and paper 

industry are towards high yield processes such 
as chemi-mechanical processes and the kraft pro
cess is currently in a non-growth status. This 
trend may result in more use of pines for pulp- 
wood .

Imada:
I agree that we are more likely to see growth 

in mechanically-based processes rather than a 
great expansion of the Kraft industry in Eastern 
Canada.

Balatinecz:
I want to ask Clayton his views about the 

whole concept of juvenile wood - how you can 
define quality criteria in defining what juvenile 
wood is?

Keith:
I would refer back to the diagram of juvenile 

wood and mature wood characteristics by Bendtsen 
showing fibre length, fibril angle, etc. as they 
vary from the pith, outward. It is important to 
recognize these differences between juvenile and 
mature wood so that effects such as rapid growth 
can be assessed properly with both categories of 
material.

Gordon:
Referring back to Sandy Imada's comments, I 

would like to express a warning that we do not 
find ourselves trying to turn jack pine into 
black spruce. It would be a mistake to try to 
convert spruce lands into jack pine lands just 
because jack pine has an easier silviculture.

Poliguin:
Coming back to the discussion of juvenile 

wood, the function of the cambium is related to



the distance from the apical meristem. As trees 
develop and grow, branches die off as they are 
further removed from the sources of auxins and 
other growth-promoting substances. Research in 
Nancy (France) is currently underway on the cor
relation between pruning experiments and the 
length of time that juvenile wood is produced. 
Perhaps the length of the juvenile period can be 
reduced by cultural practices.

Winston:
Hay I refer briefly to what Sandy Imada said 

a few minutes ago about the good characteristics 
of young jack pines for pulp. This may be an 
incentive for foresters to convert some of the 
difficult black spruce sites into jack pine 
sites.

Imada:
I would just like to emphasize the point 

that we should always try to keep tree physiology 
considerations in mind in our dealings with 
variable characteristics of wood.

Keith :
There is a good deal of literature - parti

cularly European literature that deals with the 
concept of the live crown in connection with 
wood quality characteristics. Certain distinc
tions are made between wood formed in this region 
of the stem (crown-formed wood) as opposed to 
wood formed below this region (stem-formed wood).

Poliguin:
Recent papers from South Africa have shown 

how characteristics of wood which are under 
genetic influence may be modified by such silvi
cultural practices as pruning, thinning, etc.

Keith:
The influence of cultural practices including 

fertilization, irrigation, etc. is an important 
subject area in the total consideration of wood 
quality.

Yanchuk:
There is a danger in comparing jack pine 

with black spruce since black spruce stands tend 
to be much older. At a rotation age of say 40 
years, jack pine will greatly out-produce the 
spruce and the quality will not be so much dif
ferent at this age.

Imada:
Companies like my own are interested in 

turning jack pine into black spruce and when the 
research department comes up with an appropriate 
process, they complain because of a few percent 
reduction in yield. Surely there must be other 
compensating cost differences for growing and 
harvesting 40-60 year-old jack pine as opposed 
to 100 plus year-old spruce.

Yeatman:
I would like to point out that foresters 

can't grow jack pine on a typical black spruce 
site nor vice versa and this needs to be 
realized.

Vallée :
In general, quality of wood must be related 

to the cost of the wood. In the future, when 
wood will need to be produced from plantations, 
we will need to be aware of the cost differences 
for producing pulp from different species.

Begin:
With regard to site allocation for black 

spruce and jack pine, there is still a grey'area 
between the typical sites where foresters must 
make a dicision on which species to plant.

Further to the comments made by Gilles Val
lée, industry will accept fast-growing species 
on two conditions: (1) there is an adequate
supply of the species (for example larch) and 
(2) the cost of yarding one species and keeping 
it separate from others must be balanced by its 
economic advantages.
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Klein:
Parent trees of jack pine must be selected 

at about age 15 without knowing what they will 
be like at age 45-50. If geneticists wait until 
the trees are 30 plus years old, they already 
have 15 year-old offspring that now have other 
family ancestry as well as the one under exami
nation. Is there a way out of this bind?

Keith :
Some recent observations have tended to sug

gest that individual tree ranking at age 15 may 
hold fairly well at older ages.

Yanchuk :
I have seen this point confirmed as generally 

correct even if some mistakes are made.

Yeh:
Of course we must also consider that the 

costs of making measurements on thousands of 
trees are not practical. Possibly we should 
make only a few measurements on correlated traits 
as an alternative.

Kellogg:
Coming back to a point mentioned earlier by 

Jean Poliquin about seeing turning squares of 
radiata pine in Kitchener Ontario, very fast 
growth (one ring per inch) and silvicultural 
practices designed to produce clear cuttings 
have produced a hard pine with wood properties 
comparable to a soft pine (eastern white pine) 
and which can be processed and shipped this far 
at a profit.

New Zealand's supply of softwood is increas
ing steadily and by the year 2020, projected 
production should be about equal to B.C. produc
tion, i.e. about 60-70 million cubic metres.

Poliguin:
Although softwoods are of primary importance 

there is also a need to consider hardwoods - not 
including poplar - in Eastern Canada for the

furniture and related industries. Considerable 
genetic work on hardwoods is currently being 
done in Europe for example on red oak in France.

Yanchuk:
Although we should have a place for specialty 

products such as hardwoods, Canada's strong point 
is quality softwoods such as long-fibered pulp- 
wood and for economic reasons we should special
ize in this.

Vallée:
The Québec government is presently looking 

at some hybrids of larch which are performing 
well on acid soils and growing quite quickly. 
Even if these are not the long-fibered material 
that we are accustomed to, pulping processes can 
surely be developed to make use of this material. 
A comparable situation existed with the U.S. 
southern pines some years ago and these have 
come along to now be strong competitors in the 
world markets.

Keith:
This year's research program at Forintek's 

eastern laboratory includes some work on wood 
quality evaluation of European larch from a 
C.I.P. plantation in Western Québec. On some 
sites this species shows very good form and an 
excellent growth rate.

Morgenstern:
Returning to the subject of hardwoods raised 

by Jean Poliquin, before much can be done with 
respect to genetics, there has to be a definite 
policy established to do silvicultural work on 
hardwoods. Work has been done on yellow birch 
in the Northeast U.S.A. but this has not expanded 
very much.

Gordon:
Ontario government priorities for research 

activities have been largely based on demands 
for tree seed by district nurseries. Recently
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there has been little or no demand for yellow Balatinecz:
birch so that funding for research on this spe- It is important to define what criteria
cies has dried up. should be used to define juvenile wood and how

to apply them to all species. Hardwoods may
Vallée:

The Québec government has a management plan
have a shorter period of juvenility.

1

for yellow birch in the Outaouais region which Kelloqq:
includes strip cutting to obtain regeneration. Maybe definition of juvenile wood should be ,
The demand for hardwood planting stock is in- related to end use of the resource and it may
creasing every year especially by private land- vary according to requirements for particular
owners. Species vary in their adaptability to end uses. Juvenile wood definition may be dif-
different sites. The oaks are very adaptable ferent if basded on fibre length as opposed to
and now there are ways to reproduce them easily 
by cuttings so they are a prime candidate for 
genetic improvement and such work is going one, 
at least in Europe.

S.G.

Keith:
Hardwoods provide specialized material for 

special uses such as tool handles, hockey sticks, 
etc.

4

Jef fer son :
Even in Europe there is a lack of field 

trials on hardwoods other than poplar.

Gonzalez :
With regard to the question on juvenile wood 

raised earlier by Professor Balatinecz, we have 
developed a procedure in the analysis of incre
ment cores for the B.C. Forest Service. Cores 
are divided in half and separate data collected 
for inner (juvenile) and outer (mature) wood. 
These are mainly Douglas fir and lodgepole pine.

T

Kelloqq:
The time scale for juvenile wood varies, for 

example it may be 10 years if defined on the 
basis of fibre length but 15-20 years on the 
basis of density.

)

\
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Sampling and Quality Assessment Methods 

Do W e Have the Tools?

J.J. BALATINECZ, Faculty of Forestry, University of Toronto, Toronto, Ont., M5S 1A1 
J. POLIQUIN, Faculté de Foresterie et de Géodésie, Université Laval, Québec, P.Q., G1K 7P4

SUMMARY
Wood quality is best defined in terms of 

anatomical, physical and chemical characteris
tics with a view to end products and uses. 
Sampling involves the systematic collection of 
test specimens from standing trees and/or logs. 
Prior to sampling the following issues should be 
considered: purpose of work, quality parameters 
to be assessed, destructive vs. non-destructive 
sampling, statistical matters, cost and economic 
constraints, standardization. Relevant field 
data, such as geographic location, forest and 
soil types and stand history should also be re
corded. Specimens for wood quality measurements 
may include stem disks, wedges, plugs, or incre
ment cores. For within tree variation, the num
ber of height levels, radii and radial positions 
should be considered.

Relative density or specific gravity is still 
the most widely determined wood quality parame
ter. Among anatomical characteristics, fibre 
length, cell cross-sectional dimensions, fibril 
angle and tissue ratios may be reported. Chemi
cal composition is oftern determined. With the 
availability of microprocessors, image analyzers 
and a wide range of analytical instruments, the 
acquisition, recording and analysis of vast 
amounts of data can be done efficiently. Thus, 
the "tools" are available, and the major task is 
to improve understanding and information 
transfer.

INTRODUCTION
The concept of wood quality is an evolving 

one and subject to wide interpretation depending 
on products and/or end uses. Thus, for construc
tion products wood quality may be defined in 
terms of strength, hardness, freedom from de
fects, machinability, and the like. The large- 
scale conversion of wood to pulp has resulted in 
chemical, physical and anatomical characteriza
tion of wood quality. For example, the quantity 
and chemical nature of extractives in a given 
species of wood may determine which pulping pro
cess should be used. The chemical composition, 
physical structure and morphology of pulp fibres 
has a direct bearing on the kind and quality of 
products for which the pulp is suitable. How
ever, the issues of defining wood quality and 
considering what is important have been addres
sed in greater detail elsewhere in these pro
ceedings. Thus, the objective of this paper is 
to deal with sampling and quality assessment 
methods.

SAMPLING
Prior to making decisions about sampling 

procedures and methods, the investigator should 
consider several issues. While these may seem 
obvious to most, it is not uncommon to find pub
lished papers in the literature where mention of 
the geographic location of sample trees is omit
ted, or some aspect of measurement technique is 
left unreported. Without belabouring the point, 
the purpose or objectives of the work should be 
considered. The purpose may be survey or inven-
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tory, oriented to better define the basic proper
ties of a species. The work may be tree-improve
ment oriented, for example plus-tree selection, 
provenance studies, assessment of clones, 
evaluation of the impacts of silvicultural 
practices on wood quality, etc. The purpose may 
relate to basic and/or applied research goals.

Other points to consider prior to sampling 
include: (a) which wood quality parameters will 
be assessed; (b) destructive vs. non-destructive 
sampling techniques; (c) statistical issues, 
such as sample size and relative standards of 
precision; (d) cost and economic constraint; (e) 
availability of instrumentation and standardized 
methods of measurement.

Whether destructive or non-destructive sam
pling is followed, certain important data can 
only be obtained in the field, some of it only 
at the time of sampling. Alemdag (1980) recom
mended the use of systematic recording forms for 
handling field and laboratory data in studying 
forest biomass quality. His approach is 
"standardized" and it is worth considering where 
large-scale survey-type work is contemplated. 
At the very least, the site and age class of the 
forest stands where sample trees originate 
should be recorded and reported. Geographic 
location (i.e. latitude and longitude) should 
also be included. Sample tree data, such as 
total height breast-height diameter, form, 
vigour and branchiness should also be determined.

Sample material taken to the laboratory for 
wood quality measurements may include stem disks, 
wedges, plugs or increment cores. The precise 
location of these specimens in relation to stem 
height and diameter should be recorded. For the 
assessment of within tree variation, the number 
of height levels (four or more), radii (usually 
one to three) and radial positions (from three 
to five) should be considered. Alemdag (1980) 
recommended that in estimating total-tree wood 
density of merchantable trees, at least four 
sample disks should be taken (1st disk at breast

height, 2nd at l/3rd, 3rd at 2/3, and the 4th at 
3/3 merchantable height). Again, the key point 
is to report the rationale for sampling
decisions.

METHODS FOR WOOD QUALITY 
ASSESSMENT

Over the years numerous methods have been 
reported and described in the literature for 
wood quality measurement. Several reviews are 
available on the subject. The most compre
hensive reviews were prepared by the TAPPI For
est Biology Committee's Subcommittee No. 2 
(1968, 1984) on "Small Sample Wood Quality Eval
uation Procedures". Our purpose here is to pro
vide a brief overview of the methods. For more 
detailed information the original articles or 
the TAPPI reviews should be consulted.

Anatomical Features
Ring width, early and latewood proportion

Ring width has always been a parameter of 
importance in both forest mensuration and wood 
science. The technology for its measurement has 
come a long way from the simple measuring ocular 
used by Mork ( 1928 ) to the current electronic 
instrumentation employed by Alfaro et jhL_. 1975 , 
Parker and Jozsa 1973, and others. When re
flected or dispersed light is used with an in
strument such as a microscope or TV camera to 
differentiate annual rings, poor contrast be
tween rings may be a problem. Maeglin (1969) 
recommended rubbing soft chalk over the wood 
surface and then wiping it clean. Levigated
alumina has also been tried by the present au
thors with limited success.

With transmitted radiation (X-rays, beta- 
rays or gamma-rays), the measuring instrument 
can differentiate not only ring width but early 
and latewood width and proportions. Diffi
culties may arise with gradual transition soft
woods and diffuse or semi-diffuse porous hard-
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woods in designating what is earlywood and what 
is latewood. However, the primary purpose of 
using these instruments is generally the measure
ment of intraincrement density variation. Their 
suitability for this application will be dis
cussed later.

Reaction wood content
Reaction wood content of wood samples 

is difficult to measure and even to estimate. 
The difficulty is attributed to the fact that 
reaction wood is not easily delineated. When 
softwood disks are available for observation, 
eccentric growth, excessive latewood and dull 
colour are often associated with compression 
wood. The area of the disk judged to be com
pression wood should be outlined; subsequently 
it can be estimated or measured as a proportion 
of total disk area.

When sections are cut for microscopic 
observation histological staining techniques as 
well as specialized microscopy can be employed 
to identify reaction wood. The safranin-fast 
green double stain or zinc chloride can be used 
with reasonable success. Fluorescence micros
copy can accentuate and help identify com
pression wood, while polarizing microscopy can 
be used to differentiate tension wood fibres.

Fibre morphology and geometry
With the ready availability of micro

computers, digitizers and image analyzers, this 
area of investigation (i.e. quantitative wood 
anatomy) has become very active. The measure
ment of fibre length requires the preparation of 
macerated tissue, whereas fibre diameter and 
wall thickness are best determined on transverse 
sections. Cell wall and lumen areas can also be 
measured on transverse sections. Instrumenta
tion systems generally consist of a microscope, 
digitizing tablet, an interfacing device and a 
microprocessor for data acquisition and proc
essing. Several authors have described instru
mentation, techniques and applications in recent

years. Some of these are: Ilic and Hillis 
(1983), Jagels and Dyer (1983), Quirk (1981), 
McMillin (1981), Jordan and Page (1979), and 
Hongardy (1976). From Sweden, Johansson et al. 
(1980) described a system and method 
for continuous measurement of fibre properties 
in pulp. Hill _et_ a_K ( 1973) reported on the use 
of a laser beam to measure fibre dimensions auto
matically. Taylor (1975), Burkart (1976) and 
Micko et_ al. ( 1982 ) also reported on improved 
methods for measuring and recording fibre dimen
sions. The use of a dual-linear micrometer for 
the determination of cell cross-sectional dimen
sions has been described by Smith (1967), while 
Quirk (1975) made a comparison of the dual- 
linear traversing micrometer and dot-grid 
methods.

It should be stressed that the usefulness 
and limitations of automated (or for that matter 
"manual") image analysis systems are signifi
cantly influenced by the quality of sections - 
particularly their freedom from artifacts that 
may be generated during sectioning and staining. 
The proper and efficient operation of these 
systems also requires an experienced technician.

Tissue analysis
The measurement of tissue ratios in wood 

has evolved along two paths, namely the stere- 
ological approach, and the automated or semi- 
automated image analysis approach. The stere- 
ological approach is based on the application of 
geometrical-statistical techniques and equations 
to relate measurements from two-dimensional sec
tions to three-dimensional structural quantities 
(Underwood, 1970).

Chimelo and Ifju (1978) developed and re
ported on stereological techniques to quantify 
anatomical characteristics of wood. Simple 
joint fractions, feature counts and intersection 
counts are transformed to indicate volume frac
tions of tissue elements, as well as cell size 
and distribution. Other investigators who re
ported on these techniques include: Bouchan and
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Tomimura (1979), Ifju (1983) 
(1980) and Maeglin (1976).

, Bauch et_ al.

The image analysis approach is based on the 
capability of electronic instrumentation to 
characterize the size and contrast of tissue
elements. Thus, cell wall area, lumen area,
average lumen diameter, distribution of lumen 
diameters, cell wall thickness distributions and 
proportions of different cell types can be ob
tained from the data.

Fibril angle
Three approaches have been reported for the 

determination of fibril angle. Fushitani (1973) 
described a technique based on fluorescence mi
croscopy where microfrillar orientation can be 
measured even if no birefringence is present
(i.e. amorphous regions). Polarized light mi
croscopy has been used by many investigators
(e.g. Page 1969; El-■Hosseiny and Page, 1973;
Crosby et al., 1972; and Leney, 1981). These
techniques are based on the birefringence of
crystalline cellulose.

X-ray defraction can also be employedfor
the measurement of fibril angle (Meylan, 1967; 
El-Osta a_l. , 1972; Boyd, 1977). One source
of error with the X-ray technique is attribut
able to the variable geometry of fibres
(Prud'homme and Noah, 1975).

Physical Properties
Bulk density

Wood density is generally regarded as the 
most important single attribute which influences 
most other properties of wood as well as its 
behaviour and suitability for different pro
ducts. Density may be determined directly by 
various gravimetric techniques when both the 
mass and volume of wood samples are measured, or 
indirectly by radiation techniques. It has been 
a long accepted convention in wood science that 
the relative density or specific gravity of wood 
is determined and expressed on the basis of

oven-dry mass, and volume at a specified mois
ture content level.

When specimens with regular geometric form 
are available (e.g. increment cores) or can be 
fabricated, the volume can be easily determined. 
The volume of an increment core for example can 
be calculated from the measurement of the length 
of the core and the inside diameter of the 
borer. The oven-dry mass can be determined sub
sequently and the density calculated.

For specimens with irregular shape, volume 
can be measured by displacement in a liquid
(usually water). The rise in level of the
liquid surface can be measured if the wood
sample is freely immersed. The weight of the
displaced water (equal to the immersed wood
sample volume) can be measured if the wood
sample is passively immersed (held under water 
by a rigid pin). The oven-dry weight of the
samples can be determined the standard way. The 
immersion method is most effectively used for 
the determination of greenvolume specific 
gravity since moisture uptake during immersion 
would induce swelling in specimens with moisture 
content below the fiber saturation point. A 
similar technique has also been specified in a 
TAPPI Standard (TAPPI T18M-53) and ASTM standard 
(ASTM D-142-52).

The maximum moisture content method for 
determining specific gravity was described by 
Smith (1954 ) and is based on the relationship 
between specific gravity and moisture content at 
full saturation. The relationship is expressed 
in the following equation:

S.G. (basic) _____ 1_____
MC max + 1
100 1.53

Thus, this method requires only two weights, the 
weight of the completely saturated sample and 
the weight of the oven-dry sample, which yield 
the maximum moisture content. Both of these can 
be obtained on a high precision automatic ana
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lytical balance. The completely saturated state 
is easily obtained for small samples. Thus the 
method is particularly suited for increment 
cores, wood chips, etc.

Steinmann and Vermass (1978) conducted a 
study to compare different methods of volume 
determination on small wood samples. Volume was 
determined by both linear measurements and liq
uid displacement techniques. Both mercury and 
mineral turpentine were found to be suitable 
displacement liquids.

The search for efficient and inexpensive 
non-destructive testing techniques for wood den
sity has lead several investigators to the 
Pilodyn Wood Tester. While the instrument (a 
spring-powered impact pin) was originally devel
oped for the detection of decay in transmission 
poles, several investigators reported good cor
relation between pin penetration and wood den
sity (Taylor, 1981; Micho e_t a_l. 1982; Cown, 
1978; and others). The method can be useful for 
the ranking of large groups of trees (i.e. 
families, clones, provenances). The present 
authors found that while the pilodyn worked rea
sonably well with large populations of jack pine 
trees, it gave unreliable results with black and 
white spruce.

Hamm and Kellogg (1984) compared the reli
ability of a torsiometer and a repeating pilodyn 
for estimating wood density of standing trees. 
They concluded that neither of the two methods 
has sufficient accuracy for use in selecting 
parent trees in a tree improvement program.

One small but pervasive problem that most 
investigators seem to ignore is the influence of 
extractives on the oven-dry mass of wood. Since 
solid wood samples cannot be extracted effi
ciently and easily it has become common practice 
to use the "total mass" (i.e. unextracted wood) 
for calculating density).

Intra-increment density
Intra-increment density is the density at 

any one point across a growth layer in secondary

xylem. Conventional gravimetric techniques, 
even when combined with micro-dissection and the 
use of micro-balances, could not be employed 
efficiently to measure and record density varia
tion across increments. The knowledge of intra
increment density adds a more precise dimension 
to the characterization of wood quality by 
yielding such important information as early and 
latewood density, ring width, earlyand latewood 
ratio, diameter growth rate, presence of "false 
rings", etc.

Methods to determine intra-increment den
sity are based on the application of specific 
types of electromagnetic radiation the absorp- 
tion/transmission of which by wood (or other 
materials is proportional to density. While 
several types of radiation have been tried ex
perimentally (e.g. ordinary light, beta-rays, 
gamma-rays, X-rays), the most successful and 
most widely employed techniques are based on the 
use of X-ray methods. X-ray methods have 
evolved along two approaches. The "indirect 
method" first produces an X-ray image on film 
which is subsequently evaluated (i.e. "read") by 
a scanning microdensitometer. Several authors 
have published on this technique; among them: 
Polge, 1969; Parker e_t cQ. , 1980; Harris and 
Polge, 1967; Parker and Jozsa, 1973. The 
second, and potentailly more efficient approach 
to X-ray wood densitometry is the "direct read
ing" technique. Cown (1981) has reported on 
this method. The advantage of the system is the 
elimination of the photographic - film pro
cessing - film reading stage, and the consequent 
ability to rapidly process and analyze increment 
cores. The major disadvantages are that the 
minimum beam width of 0.1 mm may not give suf
ficiently fine resolution of density variation 
and that the Fe-55 radiation source has to be 
replaced every 2-3 years.

Precise control over specimen preparation 
is important for both direct and indirect X-ray 
densitometry. Sample thickness and moisture 
content must be uniform.
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One new and potentially significant devel
opment in "high-tech" instrumentation for the 
determination of wood density and other quality 
characteristics is the use of computer assisted 
tomography (CAT). CAT scanning is now well es
tablished as a diagnostic tool in medicine. The 
Instrument Development Branch at the Chalk River 
Nuclear Laboratories of Atomic Energy of Canada 
Limited is presently investigating industrial 
applications of this nondestructive testing 
technique (Tonner and Lupton, 1983). Early re
sults show that growth rings and internal de
fects can be easily recognized and reconstructed 
from scanning whole log sections. Of course, 
the ultimate and hopefully not too distant pos
sibility is the development of a portable CAT 
scanning instrumental package with which the 
"wood doctor" can investigate the quality of 
standing trees without taking as much as an in
crement core!

Cell wall density

Cell wall density, as bulk wood density, 
can be measured directly by gravimetric tech
niques and indirectly by radiation methods. The 
gravimetric techniques "suffer" from the diffi
culties involved in measuring free space in cell 
walls. Berlyn (1969) proposed two equations for 
the determination of free space at various 
stages of hydration. Elliot and Brook (1967) 
reported on a microphotometric technique for 
measuring cell wall area - lumen area ratios 
from microtome sections. Petty (1971) reported 
that with the use of correction factors on 
values for void space obtained by microphoto
metry, it should be possible to resolve the long 
standing discrpeancies between optical and grav
imetric estimates of cell wall density.

Chemical Properties
The chemical composition and properties of 

wood are also important parameters of wood qual
ity. This in no small measure is due to the

fact that over half of the timber harvested in 
the industrialized world is converted into pulp 
and paper products. The present and possible 
future utilization of wood for chemicals, energy 
and food will only increase the need for knowl
edge about the chemical aspects of wood quality.

Literature dealing with the methods for 
determining the chemical properties of wood is 
extensive. Again, it is not intended here to 
present a comprehensive review. For that, the 
reader is directed to Browning's (1967) "Methods 
of Wood Chemistry", the appropriate standard 
methods (e.g., TAPPI, ASTM, and others), and to 
the most recent review by the TAPPI Forest 
Biology Committee's Subcommittee No. 2, (1984).

As is the case with other wood quality 
parameters, sampling decisions are equally im
portant for chemical properties. Browning 
(1967) emphasized how important it is that a 
sample sele.cted for analysis be representative 
of the entire lot of material (i.e., the popula
tion) for which the results are expected to be 
significant. Since wood is not homogeneous, 
patterns of within- and between-tree variation 
should be appreciated. Representative samples 
or subsamples should be selected randomly.

Most analytical procedures of wood chem
istry require some form of comminuted sample. 
These may be prepared by one of several milling 
procedures (e.g., hammer, disk, knife). In 
order to control particle size, milling is 
usually followed by screening.

For wood quality investigations, chemical 
properties which are most often determined in
clude: extractive content, lignin and cellulose
content. Methods for the determination of these 
components will be discussed briefly.

Extractives
By definition, extractives are those sub

stances which are removed from wood by extrac
tion with neutral solvents (Browning, 1967; 
Hillis, 1962). Methods for the isolation of
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volatile extractives are usually based on a 
steam distillation procedure. The problem with 
these substances is that they are often "lost" 
during sample preparation (i.e., grinding, 
sieving, drying).

Because of the diversity of extractives, no 
single generalized isolation procedure can be 
recommended. Further, no single solvent is ca
pable of removing all extractive substances. 
Thus, it is recommended to emply successive ex
tractions with two or more solvents. Many sol
vents and extraction sequences have been 
employed (Browning, 1967), including:

• ether, ethanol, water;
• ether, ethanol-benzene, hot water;
• ether, ethanol-benzene, cold 50% ethanol,
• cold water;
• ethanol-benzene, ethanol, hot water;
• ethanol-benzene, ether, hot water;
• ether, ethanol, acetone, water;
• water, ether, ethanol;
• cold water, hot water, ether.
Once removed from wood, extractives can be 

further characterized by preliminary solvent 
separations and by one or more analytical tech
niques such as: UV, IR, mass and NMR spectro
metry, as well as TLC and GLC.

Lignin
The most widely used procedures for the

determination of lignin are based on the hydro
lysis of the polysaccharide fraction of wood
with strong mineral acids. Unfortunately lignin 
structure is altered during isolation by acid
hydrolysis. Several mineral acids including 
sulfuric, hydrochloric and hydrofluoric have 
been employed for lignin determination. The use 
of sulfuric acid yields the so-called "klason 
lignin" .

Detailed reviews of methods used for the
isolation and determination of lignin 
content have been presented by Browning (1967), 
Pearl (1967), Sarkanen and Ludwig (1971) and 
Glasser (1980). It is generally agreed that the

selection of a method for lignin determination 
is dependent on the type of plant material and 
the possible complexing effects of other compo
nents. Several methods have been studied to 
improve the reliability of results obtained in 
lignin determination using the acid-insoluble:- 
acid-soluble summation. One of the more prom
ising of these is the acetyl bromide-acetic acid 
digestion, followed by spectro-photometric esti
mation of lignin by Johnson e t _ a_l ( 1969).

Polysaccharides
The polysaccharide fraction of wood, which 

includes cellulose and hemicelluloses, can be 
isolated by removing the lignin. Lignin may be 
removed by chlorination, using chlorine dioxide 
(Brink and Pohlman, 1972) or acid chlorite 
methods. The difficulty is that the holo- 
cellulose residues usually contain small amounts 
of residual lignin, and some loss of poly
saccharide may also be sustained.

Alkaline extraction of holocellulose yields 
"pure cellulose". The difficulty, again, is 
that some fraction of cellulose may be lost 
during delignification, and some hemicelluloses 
may not be removed during alkali treatment.

Often it is not only the amount of cellu
lose that is of interest to researchers but also 
some of its physical and chemical properties. 
These may include crystallinity, accessibility 
or molecular weight distribution. Several in
strumental techniques have been described for 
the determination of these properties (Browning, 
1967).

With hemicelluloses, it is not only their 
relative amounts, but their chemical structure 
and constituent sugars are also of interest.
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QUESTIONS AND DISCUSSION

Kellogg :
I would like to report briefly on some work 

that is being done by Ernie Hamm in our Vancouver 
lab on the development of a field procedure for 
measuring wood specific gravity.

Pilodyn studies have generally been found to 
give correlation coefficients of about 0.6 to
0.7 in relation to laboratory-determined specific 
gravity values which may not be good enough for 
purposes of individual tree selection.

Hamm's new method involves compressing an 
increment core to minimum volume - just cell 
wall substance present. Specific gravity is 
derived from the difference in length between 
the original and the compressed core. The com
pressive force required is about 900 lbs. and SG 
correlations are much better than with the 
pilodyn.

Savidge:
A technique that was not mentioned by the 

speakers is maceration. Macerated fibres can be 
examined by interference light microscopy to 
distinguish the various wall layers and can be 
used to measure fibril angles.

Balatinecz:
Tomography is the application of radiation 

bombardment and its absorption by a solid object 
from different sources. The absorption is 
analysed by computer to reconstruct the amounts 
transmitted and absorbed. The technique has 
been developing rapidly in the medical research 
field.

Atomic Energy of Canada has just tested a 
prototype unit that can be applied to wood. 
Energy profiles or similar data scans would cur
rently take about 30 minutes but this is likely 
to be reduced to a matter of seconds in the next 
few years.

Savidge:
An important question for wood evaluation is 

the age of the tree itself as opposed to the age 
of the growth layer. It would be interesting to 
look at certain characteristics before the tree 
is more than one year old.

Some characteristics are increasing steadily 
from germination on - such as cell dimensions, 
specific gravity, etc. Could we start examining 
some parameters as early as one year old?

Balatinecz:
As far as I am aware there are no alter

natives to sectioning and maceration for deter
mining fibre geometric properties.

Poliguin:
The techniques reported by John Quirk at the 

U.S. FPL, specifically the dual linear micro
meter, employ microtome sections.

Yanchuk:
I doubt if anything useful can be accom

plished before about 40 years old when certain 
correlations start to become established. I 
refer to the mature wood/juvenile wood correla
tions .

A distinction needs to be made between pat
terns of variation with age in the stem and pat
terns of variation in heritability.

Cheliak:
I wonder if John Balatinecz would like to 

say a few words on the subject of tomography.

Jefferson:
Heritability decreases with age for a given 

genotype.
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With respect to patterns of variation in 
different characteristics with age there is no 
problem if the trend lines run more or less par
allel as long as the slopes are about the same 
and the lines don't cross.

Yanchuk:
What about sampling standards. John - how 

many positions in the tree sould be sampled, 
etc. ?

Balatinecz:
I suggest taking samples at a minimum of 4 

height levels and 2 radial positions in the tree. 
Along a radius, perhaps a minimum of 3 samples 
should be taken. This applies to trees 25-30
years old and up.

Kellogg:
I agree with a minimum of two radii when 

using increment core samples. One of these cores 
may serve mainly for internal safeguard against 
error. The two cores should be taken at 180 
degrees to each other.

Poliguin:
Where a prevailing wind direction is known, 

it is preferable to take the cores at right 
angles to this direction.

Vallée:
Geneticists may not be interested in the 

same degree of sampling that is necessary to 
characterize the tree from the wood technol
ogist's point of view. Geneticists want a single 
test to tell them which tree to select.

Could we not take one core from a standard 
location and select the part of the core we are 
interested in representing a certain age and 
just weigh this portion and compare different 
trees on the same basis? We don't need exact 
S.G. values as such - just relative values to 
compare trees.

Yeh:
I can understand that absolute values of 

S.G. are less important than comparable values 
that can be used for ranking. However, the 
weight method which you described requires some 
way of drying the core segments to a constant 
moisture content.

Baletinecz:
Bob, is drying involved in the Forintek field 

method of specific gravity determination?

Kellogg:
No, drying is not required. Both hydraulic 

and mechanical methods of achieving the com
pressive force are being examined.

Vallée :
The question of juvenile wood/mature wood 

correlation has been raised a number of times. 
I wonder whether we need to be so concerned about 
such a correlation for particular characteristics 
such as S.G. I am inclined not to concern myself 
with such correlations but simply to select for 
high S.G. when dealing with young stands and 
again when dealing with intermediate or mature 
stands. The selection process does not occur 
only once, but goes on through the life of the 
stand.

Kellogg :
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C.T. KEITH, Forintek Canada Corp., Eastern Laboratory, 800 Montreal Road, Ottawa, Ontario, K1G 3Z5

SUMMARY
The objective of this study was to determine 

the national interest in wood quality research 
of the type presently being carried out by 
Forintek in British Columbia. This includes 
both the study of potential wood quality problems 
in fast-grown, intensively managed species as 
well as technical support to tree improvement 
workers incorporating wood quality considerations 
into their program.

The work was carried out by means of personal 
visits of the authors, either together or singly, 
to speak with tree improvement workers from every 
province. In addition, information on the nature 
of the resource and its management in each prov
ince was obtained from the literature.

Consideration of the national interest in 
wood quality and the impact of that interest on 
the future resource must include an appreciation 
of the nature of the resource. Such factors as 
the productive forest area, the proportion of the 
land that is non-reserved (available for the 
harvesting of forest crops), the ownership pat
tern, and the species occupying the land lease 
may all have an important effect on the impact 
that wood quality research will have on the gains 
in forest productivity possible through the ap
plication of intensive forest management prac
tices. Such information is summarized in the 
report.

A province-by-province analysis of the plant
ing plans, tree improvement programs, and the 
interest expressed in wood quality considerations 
reveal that there is planned tree improvement

activity and an interest in wood quality consid
erations in every province. The degree to which 
these needs are being fulfilled varies from prov
ince to province, but in no case is the present 
technical support level adequate.

INTRODUCTION
It is now widely recognized by industry and 

government across Canada that the forest products 
industry faces the prospect of a serious timber 
supply problem. In the recent Science Council 
of Canada report (1983), "Canada's Threatened 
Forests" , the problem is well summarized in the 
following statement:

"Every Canadian is affected daily by 
activities in forestry. In a resource-based 
economy such as Canada's, the forests are 
essential to our social and economic well
being; yet we have allowed them to degenerate 
to a dangerous point. We have been felling, 
selling and shipping timber for so long, and 
at such a rate, that today a ^23-billion 
industry is facing economic stagnation. It 
would be a serious mistake to view this only 
as a result of the immediate economic situa
tion. It is, rather, a long-term problem 
requiring long-term solutions.

"The forests provide a renewable resource. 
Until the last decade, however, Canadians 
have often regarded forests as something to 
be exploited and have depended too heavily
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on natural regeneration rather than scien
tific management for optimal regeneration. 
We are now suffering the results of this 
attitude. Much of Canada's high-quality, 
old-growth forest has been harvested; much 
that remains accessible is overmature and 
defective. Fires, insects, disease and wind 
destroy two-thirds as much timber as is 
developed in every province in recent years, 
and conflicts of interest over land use are 
increasing. One-eighth of Canada's produc
tive forest area has deteriorated to the 
point where huge tracts lie devastated, un
able to regenerate a merchantable crop within 
the next 60 to 80 years. Each year some 
200,000 to 400,000 ha of valuable forest are 
being added to this shameful waste.

"Fortunately, there are both solutions and a 
growing realization of the urgent need to 
act. Industry and government are recog
nizing the need for better management of 
this renewable resource.

"The forest sector in Canada is undergoing a 
transition from exploiting wild forests to 
creating scientifically managed ones. Vast 
areas of potentially productive forest are 
now inadequately stocked with trees; local 
shortages of wood have developed in every 
province and the problem of long-term wood 
supply at a reasonable cost is the most 
important issue facing the sector. Much of 
the apparent reserve wood supply cannot be 
used for conventional forest products because 
it is in remote areas, on difficult terrain, 
or comprises overmature stock, defective 
trees, and less desirable species of little 
commercial value at this time. Thus, unless 
improved forest management practices are 
implemented at once, a level of harvest suf
ficient to meet future demand cannot be sus
tained. More spending on the forest resource

at all levels over the next two decades is 
crucial to regional economic stability and 
growth in the forest sector."

The Banff Conference on Forestry in 1981 made 
some specific recommendations of what should be 
done to address the problem. It was concluded 
that a production target of 210 million m^ of 
wood by the year 2000 would be possible by means 
of the following strategies.

• increasing the area reforested annually from 
200,000 ha to 500,000 ha;

• increasing the area of forest treated to 
stimulate growth from 100,000 to 400,000 ha 
annually; and

• reducing losses due to fire, insects and 
disease by 15 percent during the next decade.

The inability of our forest to provide the 
required harvestable volume is referred to as 
"falldown". In addition to increased forest 
productivity through the application of 
intensive management practices and increased 
levels of forest protection, an important ele
ment in the solution to the problem is an im
proved level of forest utilization. Forintek 
can do much to assist industry in attaining 
higher levels of utilization efficiency.

Forest management practices that may be invoked 
to accomplish the required gains include: site
preparation; planting; use of genetically im
proved seed or planting stock; spacing and thinn
ing; fertilization; and correct species select
ion. In all of these considerations of the prob
lem by various groups, the primary concern has 
been the requirement for harvestable volume. It 
is imperative that consideration also be given 
to the quality or value of the future resource.
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The intensively managed second-growth resource 
will be characterized by faster growth rates, 
smaller average log diameters and reduced 
rotation times. The result will be a marked 
increase in "juvenile" or core wood in the 
future forest resource. Juvenile wood is pro
duced by a tree for a variable number of years 
from the pith over the entire length of the stem. 
Such factors as species, crown vigor, and stock
ing density will influence the length of time 
that the cambium will produce juvenile wood. 
Unfortunately, juvenile wood has generally 
undesirable physical characteristics such as 
short fiber length, large fibril angle, low wood 
density, low cellulose content, high lignin 
content, and high longitudinal shrinkage.

The nature and extent of the juvenile wood prob
lem must be understood for each commercially 
important species. Forintek has initiated ex
ploratory studies of the problem for five conif
erous species in British Columbia and two in 
Eastern Canada. It is already clear that the 
problem of juvenile wood will have serious impli
cations for the strength of structural lumber 
from second-growth Douglas-fir.

Over the same time frame that a realization of 
the timber supply problem has developed, industry 
has been experiencing a major economic downturn. 
Of greatest concern is the deterioration of the 
industry's worldwide competitive position in 
commodity products. Any decline in raw material 
quality will have a further adverse effect on 
this competitive position.

One of the options for recovery being considered 
by industry is a shift ih product mix. This move 
to "value added" products might include both 
upgrading of existing products as well as in
creased secondary manufacturing. The quality of 
the resource will be of even greater concern if 
this option is pursued. In the short-run a

knowledge of the properties of the second-growth 
resource will help provide technological solu
tions to product quality problems. In the long- 
run it will provide guidance to tree improvement 
programs where there may be potential for genet
ically altering the quality of the future re
source where problem areas are identified early 
enough.

Since 1975, the Western Forest Product Labora
tory, subsequently the Western Laboratory, Forin
tek Canada Corp., has provided a service of wood- 
density assessment to the Coastal Tree Improve
ment Council and its predecessor, the Tree Im
provement Board. The density of literally thou
sands of increment cores, taken from plus-tree 
candidates, other dominants and parent trees of 
western hemlock, white spruce, Sitka spruce, 
amabilis fir and lodgepole pine, have been 
evaluated.

The objective of this study was to determine the 
national interest in wood quality research of the 
type presently being carried out by Forintek in 
British Columbia. This includes both the study 
of potential wood quality problems in fast-grown 
intensively managed species as well as technical 
support to tree improvement workers incorporating 
wood quality considerations into their programs.

The work was carried out during the summer of 
1984 by means of personal visits of the authors 
either together or singly to speak with tree 
improvement workers from every province.

THE RESOURCE
Consideration of the national interest in wood 
quality and the impact of that interest on the 
future resource must include an appreciation of 
the nature of the resource. Such factors as the 
productive forest land area, the proportion of 
the land which is non-reserved (available for the
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harvesting of forest crops), the ownership pat
tern and the species occupying the land lease 
all may have an important effect on the impact

that wood quality research will have on the gains 
in forest productivity possible through the ap
plication of intensive forest management prac
tices. Obviously, a commitment to wood quality 
concerns by the province of British Columbia will 
have a greater impact than one by New Brunswick. 
Not only is the productive forest land lease many 
times greater, but the proportion of the land 
controlled by the two provincial governments is 
vastly different. Such information will help 
put the needs in some sort of priority perspec
tive. On the other hand, tree species do not 
recognize provincial boundaries or land owner
ship patterns. Thus, priorization of wood qual
ity research must consider the national impor
tance of individual species or species groups. 
Thus, research on spruce or jack pine in Ontario 
or Quebec may have a much greater potential im
pact on total Canadian end-product value, but may 
be just as useful to provinces like New Brunswick 
and Nova Scotia.

The statistical information that follows has been 
taken from the Canadian Forestry Service publica
tion on Canada's forest inventory in 1981 
(Bonnor, 1982) .

2The total area of Canada is 9.9 million km .
2Of this, 44 percent or 4.4 million km is

forest land. Of the forest land, 2.2 million 
2km is inventoried, productive forest land; 

1.9 million is stocked, productive, non-reserved 
forest land. The remainder is presently un
stocked.

Table 1 summarizes the information by province 
or territory. Ownership and stocking informa
tion is summarized in Table 2. The forest indus
try that utilizes this resource is the single 
largest segment of Canadian manufacturing and a

major source of export earnings. The forest 
industry is present and important in all ten 
provinces. Over one-half of British Columbia's 
industrial production and exports are forest 
products; in the Maritimes, forest products 
account for about one-third of total manufac
turing activity; in Quebec and Ontario the forest 
industry accounts for 15 percent and 7 percent of 
total manufacturing activity, respectively. In 
the Prairie provinces these proportions run from 
10 to 15 percent (Department of Industry, Trade 
and Commerce, 1983).

Forest areas are usually classified according to 
forest type. The types recognized by Bonnor 
(1982) are softwood, mixed wood, and hardwood. 
The classification of land area on this basis 
within each province is shown in Table 3. The 
volumes of both coniferous and deciduous wood by 
species and province are shown in Tables 4 and 5. 
The softwood forest type makes up the largest 
area (65 percent of total) and volume (71 percent 
of the total). Mixed wood is second in area (23 
percent of total) and volume (18 percent of 
total). British Columbia has the largest area of 
softwoods closely followed by Quebec. Quebec and 
Ontario contain the largest area of hardwoods.

The total volume of wood on stocked productive, 
non-reserved forest land is 19.6 billion m . 
Of this volume spruce is the most important co
niferous species group, comprising 31 percent of 
the total. The inventoried volume of spruce is 
greater than that of any other species group in 
each province or territory. Pine makes up 16 
percent of the volume followed by the true firs 
at 14 percent. The most important deciduous spe
cies group is aspen/poplar which comprises 11 
percent of the total volume.

PROVINCIAL INFORMATION
The remainder of this report will consist of 
information on the forest management situation in
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each province, particularly as it relates to re
stocking, tree improvement, and wood quality con
siderations.

Nova Scotia
Almost three-quarters of the forest land in Nova 
Scotia is privately owned, with 52 percent in 
holdings of 400 ha or less. The large land own
ers account for 21 percent and the province owns 
20 percent. Nowhere in Canada, except in Prince 
Edward Island, does the private sector own such 
a high proportion of the forest.

Various regimes are used in managing Crown forest 
land under the control of the Department of Lands 
and Forests. These are as follows:

1. Long-term license agreements with pulp and 
paper companies.

2. License agreements under Section 79A of the 
Lands and Forests Act.

3. Direct management by the Department.

Approximately 40,000 ha are harvested each year, 
yielding approximately 3,910,000 m^. This pro-

3duction of approximately 1.1 m per ha of pro
ductive forest land ranks only behind that of 
British Columbia and New Brunswick. Neverthe
less, it is estimated that stands are yielding 
only 25 percent of their potential, which indi
cates the need for increased emphasis on silvi
culture. At the present time perhaps only 15 
percent of the harvested area is planted. This 
varies regionally with Bowaters Mersey Paper Co. 
relying on natural regeneration on 85 to 90 per
cent of their harvested land. Scott Maritimes 
Ltd., on the other hand, finds it necessary to 
plant on 40 percent of their cutover land.

Nova Scotia originally accepted responsibility 
for growing seedlings and planting both Crown

and private land. The three pulp and paper com
panies now have that responsibility on their own 
lands and have their own forest nurseries. All 
still require supplementary supplies of seedlings 
from provincial nurseries. It has been estimated 
that one-third of annual cutover land, excluding 
budworm damaged stands, will require artificial 
regeneration. Planting at that level will re
quire 28 million seedlings per year. The Depart
ment of Lands and Forests has three nurseries 
with an annual production of about 18 million 
seedings. The additional 10 million seedlings 
per year will come from industry nurseries.

Nova Scotia has relatively recently established 
a tree breeding center at Debert. Its primary 
function is the production of superior seed and 
cuttings and the supply of genetically improved 
material for orchards. The Department of Lands 
and Forests together with the three largest pulp 
and paper companies in the province have formed 
the Nova Scotia Tree Improvement Working Group. 
This cooperative organization has an objective 
to ensure that eventually all orchards will pro
duce genetically improved seed for growing plant
ing stock.

Eighty percent of planting consists of either 
white spruce, red spruce, or black spruce. There 
is also interest in Norway spruce and larch.

Nova Scotia and New Brunswick have had a three- 
year contract with Dr. L. Sebastian of the Uni
versity of New Brunswick to evaluate parent tree 
wood density from increment cores or disks. Vir
tually all parent trees have been assessed. 
Bowaters Mersey rank their red spruce parent 
trees on the basis of both height/age ratio and 
the wood densities determined by Dr. Sebastian. 
Height/age ratio is weighted twice as heavily as 
wood density. The lower density cutoff is 0.40 
g/cm^. Using this ranking, the best forty 
trees are selected for their seed orchard.
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Scott Maritimes' primary interest originally was 
in red spruce because of its flexibility as a 
resource for a variety of end products. They are 
now interested as well in black spruce, Norway 
spruce and larch. Black spruce has proven highly 
successful in plantation management.

Newfoundland
A total of 88 percent of the productive forest 
land in Newfoundland is Crown land, while in 
Labrador it is totally Crown owned. During the 
period 1974 to 1978, the total annual harvest

3averaged 2.5 million m . More than 80 percent 
of this harvest is pulpwood. Forest production 
in Newfoundland is only 0.27 m per ha. A 
large portion of the cutover land is naturally 
regenerated, with intensive management applied 
to not more than five percent of forest stands 
in Newfoundland.

The provincial nursery produces six million seed
lings per year which are mostly black spruce and 
some white spruce. Both planting and thinning 
are done cooperatively between the province and 
industry.

Prior to 1979 all tree improvement work was car
ried out by the Canadian Forestry Service. At 
that time the Newfoundland and Labrador Tree Im
provement Working Group was formed. This is an 
informal group that coordinates the work between 
the Department of Forest Resources and Lands, the 
two pulp companies (Cornerbrook Pulp and Paper 
and Abitibi Price), and the Canadian Forestry 
Service.

Immediate genetic gain will come from the selec
tion of seed production areas for black and 
white spruce. In the long term, tree improve
ment will come as a result of plus-tree selec
tion and breeding. About 200 plus-tree candi
dates of black spruce and white spruce have been 
selected. Selection of larch plus trees has

begun. Trials of a number of exotics have been 
carried out in Newfoundland. Such species as 
Nothofagus procera, four species of larch, jack 
pine, lodgepole pine, red alder, willow, and 
balsam poplar have been tried. The growth rate 
of Japanese larch is about twice that of the 
spruces. Interest in the hardwoods is primarily 
as an energy source. To date industry has not 
been very interested in either the hardwoods or 
larch.

The Newfoundland Forest Research Centre of the 
Canadian Forestry Service has been involved in 
tree improvement and genetic research for some 
time. The primary species studied have been 
black spruce, white spruce, tamarack, and Japa
nese larch. These studies have included an 
interest in wood density. A pilodyn instrument 
has been used in selecting high density trees of 
the following species: black spruce, white
spruce, larch, jack pine, and balsam fir. Studies 
have been done comparing the pilodyn readings 
with densities determined with 12 mm diameter 
increment cores. It has been found that select
ing the fastest growing trees resulted in a five 
to fifteen percent reduction in average wood 
density.

New Brunswick
About one-half of the productive forest land in 
New Brunswick is privately owned. In 1981, the 
Crown Land and Forest Act was proclaimed which 
gave the forest industry responsibility for man
agement of areas of Crown and freehold lands.

The annual harvest in New Brunswick for 1982 was 
6.3 million m3. Forest production is 1.4 m3 
per ha.

Natural regeneration is relied upon where possi
ble. The provincial government provides seed
lings for Crown land and currently produces about 
30 million per year. On freehold land seedling
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requirements are the responsibility of the com
panies. Companies with the largest seedling pro
duction capacity are as follows:

J.D. Irving Ltd.
Fraser, Inc.
Georgia-Pacific Corp.
New Brunswick International Paper 
Valley Forest Products

15 million/year
’j  n n

2
n »»

I n n

The New Brunswick Tree Improvement Council was 
established in 1976. The New Brunswick Depart
ment of Natural Resources is the core organiza
tion and provides the chairman. The other mem-
bers of the Council are Acadia Forest Products
Ltd., Boise Cascade Canada Ltd. , Consolidated-
Bathurst Ltd ., Fraser, Inc. , Georgia-Pacific
Corp., J.D. Irving Ltd., Juniper Lumber Co., Mac
Millan Rothesay Ltd., New Brunswick International 
Paper Ltd., Valley Forest Products Ltd., Univer
sity of New Brunswick, New Brunswick Forest Ex
tension Service, and the Maritimes Forest Re
search Centre of the CFS. The latter organiza
tion provides technical coordination for the 
program.

The Council has focussed its emphasis for tree 
improvement on black spruce, jack pine, white 
spruce, and tamarack. Since these species are 
used for both pulpwood and saw timber, the traits 
for which trees are selected must be desirable 
for both end uses. Currently trees are selected 
for good volume growth on a straight stem with 
an efficient, compact crown.

For both black spruce and jack pine, approx
imately 1,000 individual plus-trees are being 
selected. The Department of Natural Resources 
is responsibile for selection of one-half the 
plus trees. Seed is being collected and several 
family tests and seedling seed orchards of each 
species have been established. The family tests 
will provide information for roguing the seed 
orchards.

A more intensive selection program that concen
trates on the quality of individual trees is 
applied to white spruce and tamarack. Approx
imately 250 plus-trees are required to form an 
adequate genetic base. Scions are collected and 
grafted for the establishment of clonal seed 
orchards.

As mentioned previously, the Nova Scotia and New 
Brunswick tree improvement organizations have 
had a three year contract with Dr. L. Sebastian 
of the University of New Brunswick to determine 
the specific gravity of all plus-trees and to 
provide background information on wood density 
variation. A report was prepared on this work 
in 1984. Specific gravities for all species
were found to be negatively correlated with 
growth rate, but other factors were recognized 
as influencing specific gravity in natural 
stands. Tracheid length measurements from four 
white spruce and three tamarack plus-trees indi
cated that the transition from juvenile wood to 
mature wood occurs in both species at about 25 
years from the pith. A graduate student at the 
University of New Brunswick is studying the 
patterns of specific gravity variation in plant
ation-grown black spruce and jack pine.

Prince Edward Island
In Prince Edward Island (P.E.I.) 90 percent of
the forest land is privately owned. P.E.I. has 
no large wood using industries and no sizeable 
private forest nurseries. Provincial forest 
nurseries grow all the planting stock for both 
Crown and private holdings. The province's 
forest management incentive program for cost 
sharing woodlot improvements offers potential for 
the improvement of the forest resource. Seedling 
capacity at the provincial forest nurseries is 
about eight million seedings, which is suffi
cient to plant 3,240 ha per year, but neither 
demand nor production have reached that level. 
The goal is to plant all cutover land. Princi
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pal species are black spruce, tamarack, white 
spruce, jack pine, and red spruce, and also 
several hardwood species including yellow birch. 
P.E.I. is an associate member of the New Bruns
wick Tree Improvement Council and the Maritimes 
Forest Research Centre provides them with techni
cal support. A tamarack seed orchard is being 
developed which will provide one-quarter million 
seedlings per year. Future plans include seed 
orchards for both white and red spruce.

Quebec
The area of Quebec classified ecologically as

2"forest zone" encompasses 556,000 km of pro
ductive forests, of which four-fifths (445,000
2km ) have recognized commercial potential. The

2Quebec government owns 375,000 km (85 percent)
2of such forests while the remaining 70,000 km 

(15 percent) are in the hands of various individ
uals and companies.

During 1982-83 the total annual harvest averaged
3 324,140,000 m of which 20,789,000 m were

softwoods. About 75 percent was harvested from
public land and an estimated 25 percent from land
under private jurisdiction.

The allowable annual cut of Quebec's forest is
3 3about 44,500,000 m , of which 30,100,000 m

is softwood. With future demand in mind, the
Ministry of Energy and Resources (MER) intends to
intensify forestry work to increase the annual

3supply of wood to more than 51,000,000 m . 
Current annual forest productivity is given as
0.9 m3/ha.

Licencing arrangements for the harvesting of tim
ber on public lands are of several different 
types, managed by the MER. One of these is a 
"company limits" arrangement (concessions) which 
applies to about 25 percent of public forest 
lands. About 70 percent of publicly owned for
ests are managed under "supply guaranteed" ar

rangements (forest domaniales). The small amount 
of remaining forests are managed under special 
individual agreements.

Responsibility for forest regeneration on public 
lands rests with the MER. Natural regeneration 
is depended upon for nearly 90 percent of cutover 
lands. Approximately 11 percent is restocked by 
planting. In 1983, more than 60 percent of the 
total number of trees planted was on land under 
private jurisdiction. A 1976 survey showed that 
nearly three million ha of forest land in the 
province were inadequately regenerated. About 
77,000 ha are added to this annually through 
cutting, fires, etc.

All bare-root planting stock is produced in prov
incial government nurseries. These comprise six 
larger nurseries with individual productions of 
six to ten million seedlings per year plus three 
or four smaller nurseries with annual productions 
of two to five million seedings. Several private 
nurseries have contracts with the government to 
produce container stock for planting. The MER 
has an ambitious reforestation plan which in
volves increasing the production of tree seed
lings from 65 million in 1983 to 300 million by 
1988.

In 1967, the first geneticist in Quebec was en
gaged by the Laurentian Forest Research Centre, 
a regional establishment of the Canadian Forestry 
Service. The provincial forest service subse
quently initiated its own tree improvement pro
gram and in 1970 the Committee on Forest Genetics 
and Tree Improvement was established among the 
two organizations. Although they do not partici
pate directly as committee members, industry per
sonnel are frequently invited to provide input to 
the affairs of the committee. The Canadian 
International Paper Co. is the most active com
pany in this respect and actually operates a tree 
improvement program of its own. Some of the pro
jects currently underway in the province and the
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participation in the work are outlined in Table
6 .

Provenance research of important forest tree 
species is the oldest tree improvement activity. 
About 200 trials, some 25 years old, represent
ing more than 1,000 different populations and 
established in several forest regions, are giving 
interesting and reliable results. A network of 
tree improvement arboreta have been established 
in representative edaphoclimatic localities of 
the main reforestation regions. To date, these 
include some 560 test plantations representing 
40 species and hybrids which have already started 
giving valuable information about the genetic 
structures and value for reforestation of the 
native and exotic species.

White spruce comprises a large proportion of Que
bec's annual planting stock because of its growth 
rate and wood quality. Fifteen to 20 year old 
provenance trials have provided information on 
the geographic variability of the species. On 
the basis of information obtained from the prov
enance testing, superior trees were selected and 
vegetatively propagated to constitute a first 
genetic base for white spruce improvement. Seed
ling and clonal breeding orchards have been 
established.

Norway spruce is being examined as a plantation 
species for southern Quebec. More than 100 prov
enances have been or are being tested. Eighteen 
hardy and promising provenances have been identi
fied and plus trees were selected and are being 
propagated in collaboration with Canadian Inter
national Paper Co.

Red spruce is recommended as a reforestation 
species only under shelter because it is highly 
susceptible to winter desiccation. On cutover 
and exposed sites it is easily outperformed by 
local black spruce.

Jack pine is of great interest for genetic im
provement because of its early sexual maturity, 
it hardiness, and its ability to successfully 
colonize poor sandy sites. In provenance testing 
involving a large portion of the natural range of 
the species, local provenances ranked among the 
best. Twenty-four interprovenance hybrids grown 
in the boreal region of western Quebec were gen
erally superior in height at 10 and 15 years to 
the mean of the parental provenances and many 
were taller than the better parent. The best hy
brid combinations were 15 percent taller than the 
regional provenance mean. In 1974 an intensive 
jack pine plus tree selection and progeny testing 
program was initiated in western Quebec. Three 
hundred selections were made in the superior pop
ulation of Lake Baskatong; seeds and scions were 
collected to constitute a progeny test, seeding 
seed orchard, and a clone bank.

Interest in white pine in Quebec has been revit
alized and a breeding program has been in pro
gress since 1976. Genetic sampling of white pine 
populations is about half complete and plus trees 
are being vegetatively propagated to constitute 
breeding and production orchards.

A testing and breeding program on native tamarack 
was initiated in 1970 based on a large genetic 
sample. About 300 plus trees were selected and 
vegetatively propagated for breeding purposes and 
orchard development. In addition, some 60 com
parison plantations, provenance and family trials 
have been established in different regions of 
Quebec. The program also includes work on Euro
pean and Japanese larches and the development of 
more productive hybrids.

A program of poplar clonal selection and improve
ment was initiated in 1968. Since that time, 32 
poplar clonal tests including 773 clones were 
established in nine localities from which 15 hy
brid poplar clones were selected for three re
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gions of Quebec. Genetic sampling of cottonwood 
and balsam poplar is partially completed and 
provenance trials of European black poplar and 
black cottonwood have been established.

The Canadian International Paper Co. (CIP) is 
also involved in tree improvement activities in 
Quebec. A few years ago, CIP initiated a selec
tion and propagation program of black spruce and 
jack pine for reforestation on its 333,000 ha 
freehold in the Upper St. Maurice River. Their 
objective is to select 100 trees per species an
nually for about five years. Seedlings and 
clonal orchards will be established near La Tuque 
where it is eventually hoped to produce the two 
million seedings needed annually.

Interest in wood quality aspects of tree improve
ment are definitely growing in the province. 
Dr. J. Poliquin and his colleagues at Laval Uni
versity have completed research contracts on the 
genetic variability of wood quality of white 
spruce and on some physical and anatomical char
acteristics of wood of 24 provenances of eastern 
cottonwood from the Villeroy populetum. Two 
studies involving comparative properties of wood 
of hybrid poplars have been carried out by Dr. 
C.T. Keith of Forintek's Eastern Laboratory in
volving a total of more than 50 clones. Wood 
quality and utilization studies on several spe
cies and provenances of native and exotic larch 
are currently underway both at Forintek and at 
the University of Quebec's Pulp and Paper Re
search Centre at Three Rivers.

Ontario
The land ownership pattern differs dramatically 
between the northern and southern parts of the 
province of Ontario. In the south about 90 per
cent of the forest land is owned privately and 
the remainder is Crown land. The reverse is the 
case in the north. The annual cut is presently 
about 17.5 million m3, which is about 20 per

cent of Canada's overall harvest. The annual
3production of wood is estimated to be 0.5 m 

per ha of productive forest land.

In 1979, a change in The Crown Timber Act made 
possible a new forest management arrangement be
tween forestry companies and the province. The 
first of these forest management agreements came 
into effect the next year. By 1984, 17 such
agreements had been signed. It is anticipated 
that about 30 agreements, covering 70 percent of 
the area under license to industry, will have 
been developed by the end of 1985. Under the 
agreement a forest company that has harvesting 
rights agrees to assume responsibility for re
generation and other management practices. The 
company pays Crown dues for the right to harvest 
the timber, while the Ministry of Natural Re
sources provides subsidies for forest access 
roads and silvicultural costs.

The forest management agreements create a need 
for 40 million tree seedlings each year, which 
is a demand that could not be met by the ten 
provincial nurseries. As a result, about 20 pri
vate nurseries in Northern Ontario have been 
awarded contracts to produce the needed seed
lings. The planting goal for 1990 is 80 million 
bare root and 120 million containerized seedings 
per year. Seed control for these nurseries is 
still the responsibility of the Ministry of Nat
ural Resources. The province is divided into 
eight regions, each with responsibility for 
developing their own seed orchards. By 1991 it 
is anticipated that 155, 000 ha will be planted 
each year, which is virtually all of the area 
requiring treatment.

Considering the size of the regeneration program 
in Ontario and the anticipated investment in in
tensive management practices, it is advantageous 
to use genetically improved planting stock. In 
1984 a comprehensive report was prepared which 
documents a tree improvement strategy for the

58



Ministry of Natural Resources. The report recom
mends certain species priorities based on a num
ber of factors. It is recommended that 75 per
cent of the effort should be directed at black 
spruce and jack pine. In a lower priority group 
(15 percent effort) are white pine, white spruce, 
and hybrid poplar. Tamarack and black walnut 
will receive five percent of the effort, as will 
a group consisting of exotic and hybrid larch, 
Norway spruce, and blister-rust-resistant white 
pine species.

The need for a strong tree improvement program 
has been recognized by industry. Five Ontario 
forest companies and the Ministry of Natural 
Resources have recently formed the Ontario Tree 
Improvement Council. The five companies are 
Abitibi-Price Inc., Boise Cascade Canada Ltd., 
Great Lakes Forest Products Ltd., Ontario Paper 
Co., and waferboard Corp. The objective of the 
Council is to coordinate the genetic improvement 
of pine and spruce species. They will also exam
ine means of reducing forest rotations, increas
ing yields, and improving wood quality.

There is a long history of research on forest 
genetics and tree improvement in Ontario back to 
the 1940's. Early studies were on aspen, white 
pine, and hard pines. Spruce studies started in 
the 1960's. In the 1970's work began on jack 
pine. Operational tree improvement programs 
started in a small way in the 1950's and 1960's 
for red pine, white pine, white spruce, and black 
spruce; programs accelerated in the 1970's par
ticularly for the spruces. Since 1980 there has 
been a change in emphasis. Strategies are being 
developed for each species; work has started on 
jack pine; seedling seed orchards are being es
tablished for both jack pine and black spruce. 
Clonal orchards continue to be established for 
white pine and white spruce, and more effort is 
being devoted to the clonal propagation of black 
spruce through the rooting of cuttings.

Active research is being carried out by the Min
istry of Natural Resources, the Ontario Tree 
Improvement and Forest Biomass Institute, Peta- 
wawa National Forestry Institute, University of 
Toronto, and Lakehead University.

Wood quality has been one of the important traits 
considered by the Ontario tree improvement pro
grams. Dr. J. Balatinecz and his colleagues 
have carried out a number of studies supported 
by NSERC, OMNR, and CFS. These have included 
the following projects:

1. Wood quality studies in commercially impor
tant conifers: field screening for wood
density.

The objective of this study was to screen for 
density variation 100 families of young jack 
pine trees grown in two identical plantat
ions at Petawawa. Paired pilodyn readings 
were obtained from about 3,600 trees. Sig
nificant correlations were found between mean 
family pilodyn readings in the two plantat
ions.

2. Accelerated forest yields: wood quality
studies to improve fiber yield and proper
ties in future plantation forests.

The objective was to determine within tree, 
between tree, and between stand variation for 
several wood properties and to define wood 
quality criteria for the selection of plus- 
trees. One hundred jack pines from natural 
stands in north-central Ontario have been 
sampled and density and fiber length deter
mined on sample disks.

3. Relationship between specific gravity, growth 
rate, and pilodyn tests on young jack pine 
trees.
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Sampled 159 trees from different families for 
pilodyn penetration, specific gravity, and 
growth rate from increment cores. Trees 
could be successfully grouped in four density 
classes based on pilodyn readings.

4. Relationship between wood characteristics and 
paper properties in 20 year old jack pine. 
Highly significant correlations were found 
between wood characteristics and pulp and 
paper properties.

5. Wood quality variation of balsam poplar grown 
in natural stands in Ontario.

Ten mature, dominant trees were sampled from 
each of four locations along a south-north 
transect. Within tree specific gravity in
creased with height. Specific gravity showed 
a slight negative correlation with growth 
rate.

6. An evaluation of juvenile wood in fast grown 
hybrid poplar clones.

Results indicate that the early juvenile 
phase concluded in about two to five years, 
with the wood being characterized by shorter 
and thin-walled fibers.

Abitibi-Price Inc. has looked at the pulp proper
ties of some of the jack pine trees from Peta- 
wawa. In particular, four combinations of high 
and low specific gravity and fiber length have 
been studied.

In another study at Petawawa, pilodyn readings 
have been made and compared with increment core 
densities of over 200 white spruce trees from 16 
open pollinated families. A sub-sample of these 
trees planted in the late 1950's or early 1960's 
will be studied in detail at the University of 
Toronto.

Another pilodyn study at Petawawa has revealed 
an important temperature effect on pilodyn pin 
penetration.

Since 1979, Dr. C.T. Keith of Forintek's Eastern 
Laboratory has been involved in studies relating 
to wood quality and utilization potential of 
fast-growing hardwoods (especially hybrid pop
lars) in collaborations with OMNR's Eastern 
Region. The materials examined have included 
about 40 clones of hybrid poplar and a few 
clones of alder and willow, mostly "mini" rot
ation" stock about two to three years old. Basic 
characteristics evaluated have included product
ivity (mean annual increment by volume and by 
weight), specific gravity, moisture content, bark 
thickness, proportions of bark, stem form, and 
abundance of reaction wood. For one group of 
older material (8 to 11 years old), information 
was also obtained on sapwood and heartwood con
tents, hygroscopic dimensional changes, as well 
as veneering, gluing, and board-making qualities.

Dr. H. Anderson of the Ontario Tree Improvement 
and Forest Biomass Institute has studied the 
wood quality of 133 clones of hybrid poplars. 
One-year old coppice sprouts were tested with 
bark intact for gross heat of combustion, spe
cific gravity, proportion of bark and pith, con
tent of lignin, extractives, and moisture. Clo
nal variation was found to be substantial.

Manitoba and Saskatchewan
Eighty-eight percent of the productive or poten
tially productive forests in Manitoba are owned 
by the Crown. The annual harvest in Manitoba for 
the period 1975 to 1980 averaged 1,730,000 m^. 
This represented only 21 percent of the annual 
allowable cut. This results from the inacces
sibility of much of the surplus volumes. In Sas
katchewan, the annual harvest is about 2.4 mil-
, . 3lion m .
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Jack pine is one of the major reforestation spe
cies in Manitoba and Saskatchewan, along with 
white spruce, and in Manitoba red pine. A total 
of about 4.5 million seedlings were planted on 
2203 ha in Manitoba in 1982. In addition, 118 ha 
were prepared and seeded and 3627 ha were scar
ified and left for natural seeding. In Saskat
chewan, four provincial nurseries produced 12.4 
million trees in 1983. About 20,000 ha are har
vested annually in each province. The provincial 
governments in both provinces have recently init
iated genetic improvement programs for white 
spruce. In Manitoba, the establishment of seed 
orchards for white spruce and black spruce is 
taking place.

A program for genetic improvement of jack pine 
in Manitoba and Saskatchewan has been pursued by 
the Canadian Forestry Service since 1967. The 
objective of the program has been to produce 
genetically improved material for seed orchards. 
Dr. J. Klein of the Northern Forest Research Cen
tre is responsible for this program. He has ex
pressed interest in evaluating the wood density 
of jack pine families and clonal material using 
a pilodyn instrument. The information would be 
used along with other indexes such as height 
growth and stem form to establish a selection 
criterion. Interest has also been expressed in 
pulp yield and quality evaluations.

In Saskatchewan, Prince Albert Pulpwood Ltd. has 
developed its own tree improvement program for 
both jack pine and white spruce. The selection 
of 200 dominant jack pines with the desired 
traits was completed in 1983. An increase in 
fiber yield and wood quality is one aim of this 
program through increases in wood specific grav
ity. Their work has shown a strong correlation 
between whole tree specific gravity and that of 
a breast height increment core. The program is 
also being extended to white spruce.

Seed orchards of both species are being estab
lished .

Alberta
Alberta is the fourth largest province in terms 
of productive forest land. This amounts to 21 
million ha, of which virtually 100 percent is 
Crown owned. Sustained yield forest management 
is practiced under several arrangements, such as 
Forest Management Agreements, Quota Certificates, 
Commercial Timber Permits, and Local Timber Per
mits. The Forest Management Agreements are with 
large multi-product forest operations. The re
newable tenure is for 20 years. The Agreement 
holder is responsible for reforestation costs. 
Quota Certificates are issued to lumber-oriented 
operations usually for a 20-year period. Each 
company decides whether it will be responsible 
for reforestation or pay to have the Alberta 
Forest Service undertake the task. Licencees do 
not have to pay for the cost of the seedlings. 
Neither of the two types of timber permits lead 
to long-term tenure and in both cases a reforest
ation fee is charged and the Forest Service 
assumes the responsibility.

In 1982, there were five active Forest Manage
ment Agreements covering ten percent of provin
cial forest lands. However, these areas account 
for more than half of the total value of 
Alberta's primary timber production.

The 1982-83 annual softwood harvest was 7.1 mil- 
3 3lion m and 0.2 million m of hardwoods. This 

is equivalent to only 29 percent of the annual 
allowable cut. Forest production averages about 
0.3 m3 per ha each year. This is only a frac
tion of the 4.0 m3 per ha which could be 
achieved from fully stocked softwood stands over 
a 70 year rotation.

Presently about 15 to 20 percent of cutover land 
is naturally regenerated; 15 to 20 percent is
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planted, which is expected to rise to 35 to 40 
percent. Most sites are scarified and seeded 
either naturally or by man. Reforestation objec
tives are being met on 90 percent of the sites 
within 10 years after harvest.

The Pine Ridge Forest Nursery is the center for 
seed extraction and seedling production in the 
province. Seedling capacity is 36 million seed
lings per year. Eighty percent of these seed
lings are spruce and the remainder lodgepole 
pine. The nursery also has a genetics facil
ity. The Alberta Forest Service and the forest 
industry have combined their efforts in a tree 
improvement program.

Superior trees of both species have been iden
tified and seed orchards are beginning to be 
established. It is anticipated that superior 
lodgepole pine seed will be available by 1995 
with superior spruce seeds available sometime 
after that.

Active research programs in forest genetics are 
being carried out by the Alberta Forest Service, 
the University of Alberta, the Northern Forest 
Research Centre, and Proctor and Gamble Cellulose 
Ltd. One of the major objectives of the Alberta 
Forest Service genetics and tree improvement pro
gram is to develop genetically-improved strains 
of seed of commercial forestry species in Alberta 
in order to enhance yield, hardiness, wood qual
ity, and pest resistance of future forests of 
Alberta.

Much of the wood quality work has been carried 
out at the University of Alberta. Dr. M. Micko 
heads a research group that has primarily car
ried out studies describing the natural variat
ion of specific gravity and fiber length in as
pen, white sruce, and lodgepole pine in Alberta.

British Columbia
Slightly more than 90 percent of the productive 
forest in British Columbia is owned by the Crown. 
The annual allowable cut was about 90 million m' 
in 1982-83, while the actual harvest was 60.9

3million m . The annual production of wood is 
estimated to be 1.5 m3 per ha of productive 
forest land. The most important management units 
are Timber Supply Area (TSA's) and Tree Farm Li
cences (TFL's). TSA's consist of Crown land com
mitted to an annual allowable cut under a variety 
of harvesting arrangements. TFL's can include 
both Crown and private land and are committed to 
a single licence holder. Reforestation respon
sibility rests with the holder of a TFL. In the 
TSA's the only harvesting arrangement that re
quires reforestation by the holder is the timber 
licence.

Approximately 68 percent of the annual allowable 
cut is from the TSA's and 27 percent from the 
TFL's. The remaining five percent is from other 
private land and Federal lands.

Approximately 65 percent of the 162,172 ha of 
harvested land is left to restock naturally. It 
is estimated that perhaps 55 percent of the area 
left for naturally restocking is, in fact, satis
factorily restocked. In 1982-83 a total of 105.3 
million trees were planted in 93,606 ha; 85,600 
ha of this was Crown land and the remaining 8,006 
ha was private. The ten Crown nurseries sowed 
100 million seedlings while the private 
nurseries sowed an additional 35 million 
seedlings.

The species for which seedings are being produced 
on the coast are Douglas-fir, hemlock, spruce, 
amabilis fir, western red cedar, and yellow 
cedar. In the Interior the species are white and 
Engelmann spruce, lodgepole pine, alpine fir, and 
Douglas-fir.
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Tree improvement efforts are controlled through 
the Coastal (CTIC) and Interior Tree Improvement 
Councils (ITIC). These agencies are jointly di
rected by industry and Ministry of Forests repre
sentatives. Industry members of the CTIC are 
Western Forest Products, Crown Forest Industries, 
CIP Forest Products, Canadian Forest Products, 
British Columbia Forest Products, MacMillan Bloe- 
del, and Weldwood of Canada. Industry members 
of the ITIC are Balco Industries, British Colum
bia Forest Products, Clearwater Timber Products, 
Crown Forest Industries, Weyerhaeuser Canada, 
Lakeland Mills, Westar Timber, Northwood Pulp 
and Timber, Takla Forest Products, Weldwood of 
Canada, The Pas Lumber Company, Eurocan, West 
Fraser Mills, Ainsworth Lumber, Tolko Industries, 
Pinette and Therrien Mills, and Crestbrook Forest 
Industries.

Tree improvement activities are focussed at the 
Cowichan Lake Experiment Station, the Red Rock 
Research Station, and the Kalamalka Research Sta
tion (Vernon). The main tree improvement empha
sis is on three species: Douglas-fir in both the 
Coastal and Interior forms, interior spruces, and 
interior lodgepole pine. At the present time the 
western hemlock program on the coast is being 
held in abeyance.

A total of 23 seed orchards with a total size of 
65.8 ha has been established on the coast. Seed
ling production from these seed orchards has been 
targeted for 40 million seedlings per year by 
1995. In the Interior the total is 14 orchards 
covering 42.7 ha.

A target of 80 million seedings per year from 
Interior seed orchards by 1995 has been estab
lished. It is presently recognized that this 
target is overly optimistic.

Research in forest genetics is carried out by a 
number of agencies in the province, which in
clude the B.C. Ministry of Forests, Pacific

Forest Research Centre, University of British 
Columbia, University of Victoria, CIP Forest 
Products, MacMillan Bloedel, and Canadian Forest 
Products.

In 1981, both the Coastal and Interior Tree 
Improvement Councils of British Columbia acknowl
edged the importance of wood density in parent 
tree selection by officially establishing it as 
a selection criterion in their tree improvement 
programs. Since 1975 Forintek Canada Corp. and 
its predecessor have provided these organizations 
with the service of assessing density of incre
ment cores from potential parent trees. In ad
dition to the assessment of the density of parent 
trees, information is also required on such ques
tions as variation in extractive content between 
trees and definition of the relationship between 
growth rate and wood density.

Work also has been carried out on the evaluation 
of instruments for the rapid field evaluation of 
wood density. This has included evaluations of 
the commercially available Pilodyn and repeating 
Pilodyn instruments, as well as the development 
and evaluation of an electronic torque borer in
strument.

Another area of relevant research at Forintek 
has been the exploratory studies on the basic 
properties of five fast-grown coniferous species: 
Douglas-fir (Coastal and Interior), western hem
lock, western red cedar, lodgepole pine, and 
Interior spruce. Pith to bark patterns of wood 
density, longitudinal shrinkage, holocellulose 
content, lignin content, and extractive content 
have been evaluated.

Additional studies in British Columbia which 
have considered wood quality have been carried 
out by several students at the University of 
British Columbia and the University of Alberta. 
These have included several studies on the herit- 
ability of wood density and other stem character-
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Table 1

National Land Areas by Forest Productivity 

Area (1000 km2)

Province or 
Territory

Total
Area

Forest Land 
Area

Productive 
Forest Land 

Area 
Stocked

Non-reserved 
Forest Land 

Area
Unstocked

Productive 
Forest Land 

Area

Newfoundland* 405 142 85 78.82 4.67
Prince Edward Island 6 3 3 2.48 0.37
Nova Scotia 55 41 29 28.46 0.44
New Brunswick 73 65 62 58. 85 2.87
Quebec 1541 940 849 488.71 44.04
Ontario 1069 807 426 330.81 37.35
Manitoba 650 349 139 118.25 17.99
Saskatchewan 652 178 89 73.63 5. 85
Alberta** 661 349 234 133.20 65.38
British Columbia 949 633 515 413.43 29.73
Yukon Territory 483 242 67 49.28 17. 98
Northwest Territories 3380 615 143 137.39 0. 19

Newfoundland* 405 142 85 78.82 4.67

*For Newfoundland non-stocked area includes regeneration areas

**For Alberta the stocking data are old, of doubtful accuracy
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Ownership of Productive, Non-reserved Forest Land

2Area (1,000 km )

Table 2

Province or 
T erritory

Federal
Stocked Non-stocked

Provincial
Stocked Non-stocked

Private
Stocked Non-stocked

Newfoundland 0.04 0.00 75.03 3.98 3.75 0.68

Prince Edward Island* 0. 00 0.00 0.00 0.00 0. 00 0.00

Nova Scotia 0.00 0.00 6.14 0.07 22.05 0.38

New Brunswick 1.12 0. 13 28. 15 0. 97 29.58 1.78

Quebec 1.21 0.07 430.38 38.11 57.12 5.86

Ontario 3.32 1.08 293.21 31.50 34.27 4.77

Manitoba 0.93 0.13 113.38 17.49 3.57 0.32

Saskatchewan 1.64 0.03 71.99 5. 82 0. 00 0.00

Alberta 0.00 0.00 133.20 65.38 0.00 0.00

British Columbia 2.38 0. 14 397.10 27.60 13.70 1. 98
Yukon Territory 49.28 17.98 0.00 0.00 0.00 0.00

Northwest Territory 137.39 0. 19 0.00 0.00 0. 00 0.00

Total 197.29 19.75 1548.86 190.92 164.05 15.76

♦Data for P.E.I. not available
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Table 3
Forest Type of Stocked, Productive , Non-reserved Forest Land

Area (1,000 km2)

Province or Forest Types
T erritory Softwood Mixedwood Hardwood Undetermined T otal

Newfoundland 72.97 5.04 0.81 0.00 78.82
Nova Scotia 13.86 9. 08 5. 52 0.00 28.46
Prince Edward Island 0. 91 0.86 0. 71 0.00 2.48
New Brunswick 22.29 28. 16 8.40 0.00 58.85
Quebec 323.17 98.40 62.40 4.74 488.71
Ontario 170.67 105.41 54.66 0.06 330.81
Manitoba 85.60 16.00 16.65 0.00 118.25
Saskatchewan 42.29 12.46 18. 87 0. 02 73.63
Alberta 68.09 32.46 32.61 0.05 133.20
British Columbia 348.31 33.12 32.01 0.00 413.43
Yukon Territory 48.79 0.00 0.49 0.00 49.28
Northwest Territories 39.00 91. 97 6.42 0.00 137.39
T otal 1,235.94 432.96 239.53 4.87 1,913.30
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Coniferous Species Volumes on Stocked, 
Productive, Non-reserved Forest Land

Table 4

Volume (1,000 m )

Province or Sp ecies Group
T erritory

Spruce Pine Fir Hemlock Cedar Douglas- 
f ir Unspecified T otal

Newfoundland 46,320 261 47,233 0 0 0 335,076 428,890

Nova Scotia 76,050 12,282 38,082 7,876 0 0 2,573 136,862

Prince Edward Island 12,552 63 7,507 200 726 0 1,177 22,225

New Brunswick 153,665 19,947 117,851 6,054 37,317 0 2,751 337,584

Quebec 1,780,328 226,036 977,627 25,069 70,388 0 9,830 3,089,276

Ontario 1,292,347 552,942 157,323 11,547 48,609 0 11,947 2,074,715

Manitoba 258,085 161,098 9,776 0 717 0 8,901 438,577

Saskatchewan 174,279 110,172 4,978 0 0 0 4,040 293,468

Alberta 394,490 344,445 33,136 0 0 8,907 125 781,102
British Columbia 1,927,277 1,614,030 1,321,740 1,173,407 626,100 604,892 170,432 7,437,877

Yukon Territory 0 0 0 0 0 0 214,629 214,629
Northwest Territories 0 0 0 0 0 0 314,712 314,712

T otal 6,115,391 3,041,274 2,715,253 1,224,153 783,856 613,798 1,076,191 15,569,917
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Deciduous Species Volumes on Stocked, 
Productive, Non-reserved Forest Land

Volume (1,000 m3)

Table 5

Province or T erritory
Species Groups

Aspen/
Poplar Bi rch Maple Unspecified T otal A ll Species  

Total

Newfoundland 1,794 13,800 260 18,253 34,106 462,996
Nova Scotia 6,453 0 36,913 22,236 65,601 202,463
Prince Edward Island 1,872 2,705 5,678 840 11,095 33,320
New Brunswick 32,429 46,158 76,201 23,551 178,339 515,923
Quebec 255,378 482,886 235,516 69,750 1,043,529 4,132,805
Ontario 609,265 337,313 138,801 37,503 1,122,882 3,197,598
Manitoba 171,485 19,074 0 5,236 195,795 634,372
Saskatchewan 175,439 13,641 817 652 190,549 484,017
Alberta 657,087 0 0 0 657,087 1,438,190
British Columbia 337,276 41,021 4,751 21,016 404,064 7,841,941
Yukon Territory 0 0 0 39,915 39,915 254,544
Northwest Territories 0 0 0 130,870 130,870 445,582

T otal 2,248,478 956,598 498,936 369,821 4,073,834 19,643,751
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Forest Genetics and Tree Improvement Projects in Quebec

Table 6

Projects
Year of Organizations

Initiation Involved*

Provenance research on economic forest species
Genetics and improvement of high quality hardwoods
Introduction of exotic species
Genetics research and improvement of poplar
Genetics research and improvement of larch
Genetics research and improvement of jack pine
Genetics research and improvement of white spruce
Genetics research and improvement of white pine
Establishment of seed production areas
Establishment and development of the arboreta network
Selection of plus trees and seed orchards establishment

1955 LFRC, MER, CIP, LU
1965 LU, MER
1969 MER, LFRC, LU
1968 MER
1970 MER
1974 MER
1975 LFRC
1976 LFRC
1968 MER, CIP
1969 MER
1975 MER, LFRC, LU, CIP

*LFRC Laurentian Forest Research Centre (Can. For. Serv.) 
MER Ministry of Energy and Resources (Several Branches) 
CIP Canadian International Paper Co.
LU Laval University (Faculty of Forestry)
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QUESTIONS AND DISCUSSION

Fowler :
I have been going to tree improvement 

meetings for 30 years and the subject of wood 
quality comes up periodically. I find it dis
couraging that many of the questions and answers 
are still the same. We still require a great 
deal more information. As a tree breeder, I'm 
not sure what wood quality traits I should be 
measuring or how I should be measuring them. We 
need a good set of standards for evaluating our 
progeny and family tests. We are at a point in 
the maritimes where we really need the tools and 
the information if we are to introduce wood 
quality into our breeding programs. On the other 
hand, I am also rather encouraged to see the 
amount of recent activity in this field.

Kellogg :
I hope that out of this meeting there will 

develop a continuing dialogue between those of 
us involved in wood quality work in tree im
provement programs which will lead to development 
of the information you need.

Imada:
You did not mention in your presentation the 

cooperative work between Forintek and Paprican 
which will develop certain fiber quality - pulp 
quality relationships for Douglas-fir.

Kellogg :
Much of the information we hope to derive 

from the Douglas-fir Task Force effort should be 
useful to geneticists in terms of defining im
portant wood and fiber characteristics relative 
to end-product quality.

Your question is a perfect opening for me to 
take a few minutes to describe the Douglas-fir 
Task Force. This cooperative effort between 
Forintek, Paprican and the B.C. Ministry of For
ests is being carried out on trees from six sites

on Vancouver Island and consists of nine differ
ent integrated studies. These include: 1. basic 
wood properties of specific gravity, longitudinal 
shrinkage, fiber length, chemical composition 
and extractive content; 2. Paprican is studying 
pulp yields and pulp sheet properties for both 
kraft and thermo-mechanical pulps; 3. a mill 
conversion study in which 50 trees from each 
study are being used for an intensive log grade 
- lumber grade recovery study, particular atten
tion is being paid to log position, branch size 
and juvenile wood volume; 4. the drying proper
ties of lumber produced in the conversion study 
will be studied; 5. heartwood treatability with 
preservative chemicals; 6. in-grade tests of 
engineering properties of lumber with particular 
attention on the effect of log position and a- 
mount of juvenile wood in the piece; 7. the 
potential of tops and thinnings as a raw material 
source for the spindleless lathe and the use of 
such veneer in the production of laminated veneer 
lumber; 8. silvicultural treatment effects on 
end-product quality which entails a conversion 
of the Ministry of Forests tree and stand simu
lator model (TASS) from a volume to a value 
base; 9. as part of the preceding study we are 
testing the hypothesis that the juvenile-mature 
wood transition occurs at the base of the live 
crown.

The TASS model is a biologically based model 
for the prediction of the effects of silvi
cultural treatment on volume production in stands 
of Douglas-fir. In extending this model to a 
value end-point we are taking into consideration 
two quality characteristics - knot size and wood 
density. We are linking the output of TASS, 
which provides a three-dimensional description 
of the tree length logs produced, as the input 
to SAWSIM which is a conversion model that pre
dicts lumber yield from a tree of given dimen
sion. We then will superimpose on that yield a
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consideration of value based on lumber grade 
predictions from the empirical conversion and 
engineering studies.

This is a very large effort, but most of it 
will be accomplished in our 1985/86 fiscal 
year. The work has developed a lot of interest 
from industry and provincial governments. It is 
our intention to apply the same approah to other 
Canadian species which will be intensively 
managed. It may be that our next task force 
effort will be in Eastern Canada with a species 
like jack pine.

Balatinecz:
That sounds very commendable, but I am con

cerned by the previous lack of effort on a 
national basis that even remotely resembles the 
kind of work foresters and wood scientists have 
been doing in the United States. Just consider 
the type of effort represented by the Western 
Wood Density Survey. To the best of my knowledge 
we, in Canada, have never undertaken this type 
of work even on a single characteristic like 
wood density. Perhaps our provincial outlook is 
holding us up. We get together at meetings like 
this and discuss the national problems, but we 
return to our laboratories and work on regional 
problems.

Gonzalez:
Is Jessome's publication, strength and re

lated properties of wood, not the sort of thing 
you had in mind?

Balatinecz:
No. Did you ever look at the pitifully few 

number of trees that those results are based on, 
and that is largely the data on which our present 
building code is based. It just is not adequate 
for many species.

Keith:
I think we should give some credit to the 

extensive work done on spruce in Eastern Canada

by such workers as Hale and, Hale and Prince in 
the 1920's and 30's. That information is still 
very useful.

Kellogg:
But has the resource changed? Does it still 

represent the present resource and what about 
the material which will come from intensively 
managed plantations? How much do we know about 
that future resource?

Yanchuk:
What we need to do is more mill studies. 

This is the best way to actually rank the impor
tance of wood and tree traits relative to product 
value. Companies like Weyerhauser have been 
carrying out such studies, but it is not avail
able. The approach you are taking at Forintek 
with your task force studies should provide very 
valuable information for tree improvement pro
grams. However, I agree that broad geographic 
surveys are also needed.

Kellogg:
Work at the University of Alberta has pro

vided as good information on variation in impor
tant wood properties as is available for any 
province in the country.

Balatinecz:
When this meeting ends today are these 

thoughts just going to die or are there some 
plans to continue to get together as a group 
within CTIA?

Kellogg :
Forintek would certainly be interested in 

continuing to be a catalyst in such an activity. 
Certainly, one of the things that has resulted 
in the "déjà vu" feeling is the lack of conti
nuity in effort. In order to make progress we 
must keep up the communication until people like 
Don Fowler do have an answer to their questions. 
If we don't find a way to keep up the dialogue

74



he will come back to another meeting in five 
years with the same reaction he had a moment ago.

Fowler :
Would it be worthwhile to consider the for

mation of a working group on wood quality within 
the CTIA? It might be something to bring up at 
the business meeting.

Coles:
If a group of you put together some terms of 

reference, a proposal to form a wood quality 
working group could be considered as new business 
tomorrow night.

Balatinecz:
I think it is a marvelous idea. In this way 

perhaps rather than going away from this meeting 
to return to our separate efforts, we can find a 
way to keep our collective skills focused. I 
think it would be a really useful way to proceed.

Poliguin:
What we have been doing in the past is like 

throwing water in the sand, it simply trickles 
away. The formation of a working group hopefully 
will be a way to build some water resistence 
into the sand.

Kellogg:
Can we have a show of hands as to whether 

this group feels we should proceed with forming 
a wood quality working group within the CTIA? 
(Response) That is a very high proportion of 
the people here.

Yeh:
A lot of the geneticists will be disappointed 

if they leave this meeting today without having 
some idea of what to do about wood quality in 
their tree imporvement programs. Many programs 
are at the stage of selection and need some 
guidance. You know that 5 or 10 years after 
parent tree selections have been made it is al

most impossible to ask people to reject trees in 
a program. Those trees have become part of the 
breeder's family.

Can't we come to some concensus and select a 
wood quality trait of major importance; one 
that's relatively easy to measure? Another 
question, in programs already well developed if 
we have the means of going back to the parent 
trees should we bother to evaluate them now for 
selected wood quality traits? Would it be a 
worthwhile effort to undertake?

Do jack:
The need is fairly crucial. We are starting 

a program in which we expect to select 200 jack 
pine this year. We are planning on collecting 
disks from the trees, but I wonder if we can't 
come to some agreement as to what wood quality 
information we should be collecting. Is it sim
ply wood specific gravity?

Kellogg:
It is difficult to provide an easy answer to 

your questions. You need to start by making 
some judgement as to how your future resource is 
going to be utilized.

Balatinecz:
I have the feeling that Francis and John 

want some basic guidelines to go away with from 
today's meeting. I'll make an attempt at it. 
As a basic minimum you should collect informa
tion on wood density, diameter growth rate and 
sapwood volume if you are working with disks. 
If you have adequate resources you might consider 
the measurement of wood fiber morphological 
properties and extractive content at the next 
level of commitment. This second level of in
formation would require about a 3 to 5 fold in
crease over the cost of the first level of wood 
quality evaluation. If you don't have the fa
cilities there are various institutions like 
Forintek, Paprican or some of the universities 
where you might get the work done.
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Setting minimum acceptable selection levels 
for a particular trait will be species dependent. 
Perhaps we should establish a wood quality jury 
that could develop a majority opinion or minimum 
target levels.

Morgenstern:
As the number of quality traits taken into 

consideration increase, the genetic complications 
increase so I think it is probably not too real
istic.

Y eh :
You could develop a restricted index selec

tion in which a tree not meeting the minimum 
level would be rejected.

Savidge:
I have serious doubts about the usefulness 

of measuring wood quality in terms of specific 
gravity. I believe we can measure lignin content 
and improve wood quality on that basis. There 
are definitely strong correlations between wood 
and fiber quality and specific gravity, but most 
of these correlations are based on trees from 
unmanaged stands. The physiology of wood forma
tion is poorly understood and we are making an 
assumption that the chemistry and morphology of 
wood are going to remain the same under selection 
pressure. I don't think there is any guarantee 
of that.

Jefferson:
Almost every tree improvement program in the 

world considers wood quality in terms of relative 
density. If you are going to argue against that 
you should have some very well founded reasons.

Savidge:
I'm going to discuss this much more fully on 

Wednesday, but let me make one more point. Many 
of the southern pines have bark with a higher 
specific gravity than the wood. There is no 
guarantee that the derivatives of the cambium

are not going to differentiate into a bark-like 
wood. If you simply use specific gravity as a 
wood quality criterion you may have a wood that 
is structurally inferior compared to what is 
produced today.

Kellogg:
I haven't seen any sort of evidence that 

would support your hypothesis that genetically 
selected plantation grown trees will produce a 
very different sort of xylem tissue. Would you 
not expect the strength and stiffness of a re
source to increase if the specific gravity of 
that resource is increased?

Savidge:
I think if you are going to select for 

specific gravity you ought to be sure you back 
it up with direct measurements of strength.

Kellogg:
The recent work of Pearson and Ross with 

pines certainly shows that wood specific gravity 
is able to account for a very high proportion of 
the variation in bending strength and stiffness 
of material from natural stands, plantations and 
genetically selected stock.

Poliguin:
We have compared the physical and chemical 

properties of larch grown in plantations and 
natural stands. The material was 23 years old.
The density of the plantation grown material was

3 3400 K/m compared to 470 K/m for the mate
rial from natural stands, but all of the mechan
ical properties did not show the same change 
either in magnitude or even direction. Shear 
strength actually increased. We may take too 
much for granted when we expect strength proper
ties will follow specific gravity changes 
exactly.
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Keith:
I don't think the literature shows a rela

tionship between specific gravity and shear 
strength. Even for the strength properties where 
there is a direct relationship with specific 
gravity, the magnitude of the change varies for 
each strength property.

Kellogg:
It is now five o'clock and I suggest that we 

adjourn the session. Thank you all for your 
attention and active participation.
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