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ABSTRACT

Selection in black spruce (Picea mariana (Mi11.) B.S.P.) will
have as 1its primary objective the improvement of growth rate. Growth
rate has a low heritability in wild stands and phenotypic selection
of individual trees 1is inefficient. It is, therefore, proposed that
initial selection be carried out rapidly and that seed 1is collected
from individual trees to conduct a form of family selection in progeny
tests from open pollination. The tests contribute both selected
material and genetic information. In this way they provide another
option in new or existing breeding programs.

INTRODUCTION

Many tree 1improvement programs have been initiated in a similar
way: by careful phenotypic selection of individual trees 1in natural
or planted stands followed by establishment of grafted clonal seed
orchards. During the last 10 years, more and more breeders have made
use of a greater variety of methods, and family selection and seedling
seed orchards have been developed more frequently. The objective is
to improve the efficiency of selection methods (Ledig 1973) and to
adapt methods to the characteristics of individual species. This
paper examines the problem of individual-tree and family selection in
the breeding of black spruce (Picea mariana (Mil1.) B.S.P.).

INDIVIDUAL-TREE VS. FAMILY SELECTION

First some definitions and general explanations. what is
individual-tree and what is family selection?

Individual-tree selection is a form of mass selection where
suitable phenotypes are picked in natural or planted stands as is
done in most plus-tree selection programs. The trees are chosen
after ocular comparisons or detailed measurements of height, diameter,
stem and branch characters, crown size, and so on. This method
appears to be effective when selecting for stem and branch characters
because these are strongly inherited. Individual-tree selection for
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growth rate or yield is more difficult because the heritability of
growth rate in natural or planted stands is low as a consequence of
differences in site, spacing, and competition - it may be as low as

5% (Namkoong 1970, Ledig 1974). Therefore, individual-tree selection
for growth rate must be carried out very carefully on the basis of
many measurements, and this makes it very costly. Its efficiency is
probably low because the genetic gain per unit of time or $ expended
will be small. In a species primarily selected for growth rate,
individual-tree selection should not receive much emphasis and be
carried out rapidly (Bellmann and Ahrens 1965, Ledig 1973).

Given these conditions, family selection is more promising. It
is generally recognized that when heritability is low, the
performance of a group of relatives is more easily evaluated than
that of individuals. According to Lerner (1958, p. 158), the greater
the number of individuals contributing to the family mean, the closer
does the average phenotype approach the mean genotype.

Family selection is best practiced in progeny tests and it is
then a simple operation. Progenies of open-pollinated mother trees
(these progenies may be considered families of half-sibs) are
established in replicated tests on uniform sites at a certain spacing.
The tests are measured and the families ranked on the basis of their
performance. The control exercised over environment raises the
heritability beyond that obtainable in wild stands and selection is
more efficient (Morgenstern 1974a). This has been recognized by many
tree breeders and open-pollinated tests have been initiated or
suggested for Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) by
Silen (1966), western hemlock (Tsuga heterophylla (Raf.) Sarg.) by
Piesch (1974), sitka spruce (Picea sitchensis (Bong.) cCarr.) by
Fletcher and Faulkner (1972), longleaf pine (Pinus palustris Mill.)
by snyder (1973), red pine (Pinus resinosa Ait) by wright and Bull
(1963), and jack pine (Pinus banksiana Lamb.) by wright (1962), Klein
(1968) and Yeatman (1974). snyder (1969) found that gains for height
growth from family selection in longleaf pine were almost three times
larger than gains from individual-tree selection.

CHARACTERISTICS OF BLACK SPRUCE AS A
GUIDE TO SELECTION METHODS

Black spruce is primarily utilized for the production of pulp
and paper. The wood has a high specific gravity and its fibers are
long and very tough (Ladell 1970). Tree diameters are small, stems
straight and crowns generally narrow with branches of moderate size.
There is 1little need or incentive to improve stem form or branch
size. | agree with Carmichael (1960) that at this stage most of the
effort in selection should go into the improvement of fiber yield,
i.e., wood volume (fig. 1).

Black spruce starts to flower at about 6 years of age and
subsequently produces seed at regular intervals every two or three
years, with good crops once in about four years (U. S. Forest Service
1948). seed collections can be made during a good part of the fall



and winter season. Thus propagation by seed is no problem and is
much easier than grafting or rooting.

Progeny tests from open pollination are also not difficult.
Large clear-cut areas are available in boreal regions on upland sites
where black spruce grows in natural stands, often in mixture with jack
pine (Rowe 1972). The establishment and maintenance effort for tests
on such sites is not great if planting is undertaken soon after
cutting and before competitors become established.

A1l these conditions make it possible to initiate black spruce
breeding as follows. Parent trees are chosen by rapid ocular
selection in natural stands. Seed from these individual, open-pollinated
trees is sown in a greenhouse or nursery and the seedlings transplanted.
The transplants are established two or three years Tlater in replicated
tests on a number of sites within their region or origin. Because of
the early flowering of black spruce, some of the plantations can be
designed specifically to serve as seedling seed orchards, which will
be thinned on the basis of the results from the progeny tests
(Morgenstern 1972, Morgenstern et al. 1974). In this way black spruce
breeding would avoid the intensive and costly primary selection in

natural stands and 1its uncertainty of making a substantial genetic
gain.



THE TWO FUNCTIONS OF OPEN-POLLINATED TESTS

The open-pollinated tests in mind have two functions: to serve as
a basis for family selection and to provide population parameters. Let
us Took at family selection first.

The progeny of an open-pollinated tree is related through descent
from the same mother and may be considered a family of half-sibs. Once
the best families have been identified in a test, one could select the
best trees within them for seed production and breeding of the next
generation. In this way the selection differential is increased and a
greater genetic gain made. By taking only one tree from each family, or
even only one tree descended from all parent trees in a given stand,
inbreeding in future generations will be minimized (Ledig 1974). In such
planted stands the rotation period will be shorter than in natural stands;
therefore, one could expect to make the final selection at the age of
20-40 years (at one-third to one-half of rotation age).

The second function of open-pollinated tests is to provide estimates
of population parameters. These may 1include: components for various

sources of variation, genetic variances and covariances. How will these
be used?

If we have the normal situation with a test series in several
environments, we could find out through analysis of variance how genetic
variation is distributed among the various sources. This will assist
planning to achieve an optimum distribution of samples 1in future tests,
taking cost and genetic gain into account:

"Ooptimum distribution" here refers to both collection of seed in the
parent stands and establishment of the families in the test environments.
variance components from such an analysis would tell us, for example,
whether it would be more important to sample more stands or more trees 1in

stands; and whether the number of test environment chosen was adequate or
not (Liang and walter 1966).



The genetic variances from open-pollinated tests are used to
estimate heritability and genetic correlations, There is no doubt
that some of these estimates are problematical (Dietrichson 1972):
the usual assumption that progenies from open pollination are half-sibs
and estimate one-fourth of the additive genetic variance (Falconer
1960) 1is true only if there is no inbreeding in the population,
dominance does not interfere, and many male parents have contributed
pollen. If these assumptions are not met, over-estimates of the
genetic variances are possible and the heritabilities calculated may
be inflated (Namkoong 1966).

Nevertheless, such estimates will be of some value if they are
interpreted carefully in the Tight of additional experiments and
observations. To illustrate this point, Tet us Took at the heritability
of height growth in four black spruce progeny tests conducted at
Petawawa Forest Experiment Station (Table 1). The first test was
based on open pollination in five natural stands (Morgenstern 1973).
Seed for the remaining three tests had its origin in the same
plantation from open pollination, a controlled cross with nested

design (Becker 1967) and a diallel cross (see Morgenstern 1974b for
more detail.

Table 1 illustrates several points:

1. Although the heritabilities obtained from Test No. 1 and !
are identical, other values vary with age, test environments
and populations sampled;

2. controlled crosses do not necessarily produce similar
results;

3, The sampling of populations and test environments is probably
as important as the choice of a good mating design.

Therefore, the results of any test series cannot be accepted
without careful consideration of all the factors involved. In the
case of black spruce, particularly, we Tack heritabilities from a good
sample of populations, environments, and more advanced ages.
open-pollinated tests will give us a fast start in this direction.
They provide another option to new programs that are being planned, or
a complementary approach if used in conjunction with existing programs
based on more intensive plus-tree selection and clonal seed orchards.
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