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Many seed orchard programs include a stage at
which clones or seedlings are culled on the basis of
progeny tests. Though breeding systems which in-
volve progeny testing differ in efficiency, they all
provide information on an individual's breeding
value through its own performance and that of
parental or seedling relatives. A combined index
on any one trait, using information from a set of
relatives, is desirable. However, tree breeders ap-
pear to be planning only limited use of indices on
data from relatives. In so doing, they may be fore-
going a considerable advantage, for the increased
gain by index selection might often be substantial.

If the phenotypic mean value of an individual
is measured by its own performance and that of
his relatives, and these values are listed as x 1 , X 2 ,
... , x n , then a single total evaluation (y) of these
phenotypic means can be used to measure the in-
dividual's genotypic value (g) where:

and where b1, b2, ... , b n are unknown coefficients
which weight the various phenotypic means. The
problem is to choose the b ; values so that culling
in the seed orchard (on the basis of (y)) will pro-
vide maximum gain in (g).

The equation for genetic gain by simple selection
in a normally distributed population is:

Since the value of (i), which depends on the number
of genotypes selected, will usually be predetermined,
only the righthand ratio of (2) is maximized. This
is done by the appropriate selection of weights (b)
which in turn requires maximizing the correlation
between (g) and (y) or minimizing the error in
estimating (g) by the value of (y) (Smith 1936). In
a manner analogous to regression theory, least-
squares equations can be derived from gi = yi

Indices of this type were developed by Hazel (1943)
for use with information on several traits and on
several relatives. If the assumptions are approxi-
mately fulfilled, the index method will always be
at least as efficient, and usually more efficient, than
the tandem method (Hazel and Lush 1942, Young
1961).



Clonal Seed Orchards

In clonal orchards each ortet's performance in
the woods (as judged by its deviation from local
averages or controls), together with the relative
mean score of its progeny family, will usually be
available. For brevity, ramet data are ignored. To
maximize gain, the weighting coefficients are com-
puted from:

Relative weights may be estimated by picking the
curve closest to expected genetic variance and find-
ing the point on it closest to the expected ratio of

where (t) is the first-stage selection truncation point
on a standardized basis (Finney 1956). Though
this reduction is often ignored, it may be sufficient
to change the index coefficients significantly. There-
fore, instances of high and low reductions will be
examined.

As an example of a simple situation, assume the
following values for a low intensity of wild tree
selection and low heritability, and the highly ef-
fective reduction of phenotypic variance from 100
in the wild population to 16 in the population of
progeny means:



FIGURE 1. — Ratio of optimum weights for wild-tree
data (b l ) and progeny mean data (b 2 ).



may be divided into breeding blocks and each unit
evaluated separately.

The weights may then be computed from:

FIGURE 2. — Relative efficency of index selection over
selection on progeny-test data only.

Seedling Seed Orchards

For seedling seed orchards there are three sources
of data on each potential orchard tree: the per-
formance of the individual's wild maternal parent,
its half-sib family, and its own relative performance
in the orchard block. Although we must deal with
three items of information, the principles remain
the same. The problem is somewhat simplified by
ignoring any reduction in genetic variance due to
first-stage selection. If many genes at many fre-
quencies are operating, the genetic recombination
will regenerate genetic variance so that no increase
or decrease is predictable for several generations
of selection. It is also necessary to assume that at
the time of final evaluation in the seedling orchard
only one member, at most, of each half-sib family
will be allowed to remain in each unit. The orchard



An evaluation of index selection can be made on
the basis of an orchard selection of 1 : 10. In the
tandem selection recommended by Goddard and
Brown (1961) and Wright aid Bull (1963), a selec-
tion would first be made on family means, and then
on individuals within these families. Two cases may
be arbitrarily chosen for comparison: one is the
selection of 1 : 5 for family and 1 : 2 for individuals;
the other is the selection of 1 : 3.16 for families and
also 1 : 3.16 for individuals. Both schemes result
in a final selection of 1 : 10. The ratios of gain by
index vs. the former scheme are traced for several
levels of genetic variance and testing effectiveness
in figure 4. The ratios of gain by index vs. the
latter 1 : 3.16 selections  are similarly traced in
figure 5. Again, the superiority of index selection
is obvious.
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