FOREST TREES AS A POPULATION OF GENOTYPES

Robert W. Touchberry

My views on forest tree genetics are those of an animal breeder,
and not a forest tree breeder. They pertain mainly to variations between
trees of the same species in the same plantation. Whether it be trees of
different species or trees of the same species, the geneticist is concerned
with estimating the breeding value of a tree or a group of trees under a
rather loosely specified environment. He is interested in developing trees
with breeding values equal to or exceeding those of trees now living.

Suppose that one goes into a stand of trees of a given age and
measures (M) trees for some characteristic, such as diameter at a given
height or fiber length at a given location. It is likely that there would
be much variation between trees for each of these characteristics. Suppose

that only the top 10 percent of these (M) trees were allowed to reproduce.



The Genetic Gain When Asexual Reproduction is Involved

be divided into its component parts just by measuring the trees and deriv-

ing the variance between trees.

If one could hold the environment absolutely constant, then the

making (K) cuttings of each of the (M) trees, rooting them, and setting

them in a suitable field plot design. After removing the environmental
variation associated with blocks, one can then obtain the following mean

squares:



Now if one takes these same (M) clones and sets (K) cuttings of

each clone at (L) different locations within a region, then one can obtain

Now let's consider the correlation between the genotype of the
mother tree and the average performance of the (K) or (L) (K) cuttings

made from that tree.

Figure 1. A path diagram of the relationship between the genotype of a
mother tree (H;) and the average of the phenotypes (Pi) of (K) cuttings

from that tree. h = the square root of heritability and p; =






Fig. 2. The regressions of the genotype of the mother tree and the
phenotype of future cuttings of the mother tree on the av-

erage of K cuttings from mother tree.



If the test cuttings are all planted at one location, but future

cuttings of the (M) mother trees are planted at various locations through

it should be emphasized that the tests are made at one location and the fu-
ture cuttings are to be planted at other locations.

The real regression is probably between lines A and B of Figure 2,

the numerator.
Suppose that we go back to our (M)- tested mother trees and con-
sider only the top 10 percent of those trees. How much would we expect the

mean diameter or fiber length of the top 10 percent (Ps)to exceed the mnean.

where Z is the ordinate where the line truncating the top b percent cuts
the normal curve and g1 1s the standard deviation of the index used to
measure the performance of the mother trees. For example, if we use the

mean diameter of (K) cuttings of each of the (M) trees as a measure of



standard deviation of the diameters of the test cuttings at a given age.
If in the future we plant only cuttings from the top 10 percent
of the mother trees, how much would we expect the mean of the future cut-

tings from the top 10 percent (Psf) to exceed the mean of future cuttings

it can be shown that selecting on a basis of the mother tree's own pheno-
type is from 50 to 100 percent as effective as selecting on the basis of

the average of K cuttings from that tree.



The Genetic Gain When Sexual Reproduction Ts Involved

In most cases it is likely that seed from the selected trees is
going to be harvested and planted to reproduce the future trees. The cor-

relation between mother trees and seedlings is less than that between

static deviations. Heritability in the narrow sense is that fraction of
the phenotypic variance accounted for by the additive genetic variance.
What is the correlation between the average of (K) offspring of
a mother tree and the breeding value of the mother tree? it is assumed
that a random sample of pollen from many trees collected on the stigmata
of the mother trees or that mating was random. Figure 3 illustrates the
correlation between the mean of the seedlings and the breeding value of

the mother tree.



Figure 3. Path coefficient diagram of the relationship between the breed-
ing value (Gl) of a mother tree and the average Pi of (K) of its seedling

offspring.

How can heritability in the narrow sense be estimated? Suppose

that (K) seedlings from each of (M) mother trees are planted in an



appropriate field plot design at one location. From such an experiment,

the mean squares below can be obtained:



Fig. 4. The regression of the breeding value of the mother tree (Gi) on the

average performance of K seedling daughters of the mother tree (Pi)
and the regression of a future seedling daughter (P ) on the average
F

of K seedling daughters of the same mother tree.



Now i1f we choose the best 10 percent of the mother trees on the

basis of the phenotypes of the mother trees themselves and produce seed-

I f we choose the best 10 percent of the mother trees on the

basis of the average of 20 seedlings of each mother tree and then plant

As heritability in the narrow sense increases, the relative value of a pro-

geny test as an aid to selection decreases.

In general, selection on a basis of progeny tests increases the

generation interval over that when selection is based on the phenotypes of

is greater for selection based on the phenotypes of the mother trees.

Genetic Gain When Many Characteristics Are Involved

We have been talking so far about selecting for one character

istic at a time. But the forester would be interested in improving several

characteristics. Suppose, for example, that he is selecting for five inde-

dependent characteristics. What fraction of trees would be in the top 10



percent for all characteristics? (1/10) = 1/100,000. I £ there were 10
characteristics, the fraction would be 1/10,000,000,000. Finding such
elite trees would be a tremendous job. Just to look at 10,000,000,000
trees, allowing 1 minute per tree, would require 8,148 man years for 8
hours per day 5 days per week. One might even question whether such an
elite tree actually exists.

This suggests that the forester should be using an index for
choosing seed trees. This index should be constructed from the pheno-
typic and genetic variances and covariances of the wvarious characteristics
and their relative economic wvalues. This would seem to be the most effic-

lent way of simultaneously selecting for many characteristics.

Each hereditary value can be estimated from a set of multiple

regression equations:



he is concerned and the genetic and phenotypic covariances between these

characters. Until he knows these, I don't see how he can intelligently

embark on a tree breeding program.
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