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Choosing Mating Designs t o Efficiently Estimate Genetic
Variance Components for I'rees
I. Sampling Errors of Standard Analysis of Variance Estimatorsl)
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The choice of a mating design for estimating genetic
variances in forestry should be dictated by the likelihood
of achieving the estimation objectives within the usual
restrictions of time, space, cost, and biological limitations.
Poor designs can cause poor estimates or failure to detect
even very high genetic variances. Since experiments with
trees are relatively expensive and time consuming, foresters try to estimate several parameters in the Same experiment. This paper compares the relative efficiencies of
standard, balanced, mating designs for estimating additive
and dominance genetic variances. The main variables considered are mating design, total number of crosses, total
number of parents, number of half-sib versus full-sib
families, level of the genetic variances, and the use of
sub-blocking. These are special cases of the general problem of estimating variance components (for a good review
See S EARLE, 1971) expressed in a particular useful way for
plant breeders.
The need for precision is often dependent on the relative
size of the parameter which is being estimated. When the
genetic variance is twice the nongenetic variance, a precise
estimate of the genetic variance may not be necessary.
When genetic variance is low for a trait however, interest
may lie mainly in other traits with high heritabilities. In
that case, estimation errors should be evaluated over all
levels of heritability. Clearly, many other value functions
can be used to evaluate designs in terms of the heritability.
Since errors of estimation are also dependent on heritability, we examine efficiency over a continuous range of
heritabilities.

Mating Designs
Consideration is restricted to designs using only one common generation of parental materials originating as a random sample from a single random mating population. The
I ) This paper was inspired by the work of Dr. KLAUS
S TERN , and
is dedicated to him and to advancing the fruits of his labors. Joint contribution of the Department of Genetics, North Carolina
Agricultural Experiment Station, Raleigh, and the Southeastern
Forest Experiment Station. Paper No. 4266 of the Journal Series.

e, Resarch Geneticist and Geneticist, respectively, Forest Service,
U.S.D.A., and North Carolina State University, Raleigh.
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designs are the nested (AIB), factorial (AB), and diallel (AA)
as designated by COCKERHAM
(1963). All these designs are well
known, and are described elsewhere (see C OCKERHAM, 1963;
GARDNER,
1963). All permit estimates of full-sib, half-sib, and
error variance components which can be interpreted in
terms of genetic variances of the sampled population. Two
useful variants of the diallel design are investigated here;
the partial diallels of H INKELMANN and S TERN (1960), and
KEMPTHORNE
and CURNOW
(1961), and the disconnected diallels of B RAATEN (1965). For a given number of crosses, the
partial diallels are always more efficient than the nested
design (AIB) for both additive and dominance genetic
variance components (K EMPTHORNE and C URNOW, 1961).
Similarly, the disconnected diallels are more efficient than
the factorial (AB) for estimating the additive genetic variance component at some heritabilities for the Same number
of crosses. These mating designs are schematically drawn
in Figure 1. Their analyses of variance are listed in Table 1
with their derived estimates of the additive genetic variance, oll2, and the dominance genetic variance, nD2,under
the simplifying assumptions of no epistasis, no genotype
by environment interaction, regular diploid inheritance,
and no disequilibria of any kind.
We shall compare ratios of the sampling variances of the
estimates of the additive genetic variance, V(oL12)to the
oll2itself. Similar ratios for the dominance genetic variance
are V(aD")JoD2.
Designs and various allocations of males and
females are compared first for an equivalent number of
crosses, then for an equivalent number of parents. If the
work of making the crosses or conducting the field experiment is the limiting factor, then comparison should be
based on equivalent numbers of crosses. If a set of parents
is previously established, then the designs should be compared with equivalent numbers of parents. I n such cases,
there is some increased cost with increased numbers of
crosses, but the additional costs are likely to be a non-linear
function of the numbers. We do not investigate these costs
but merely indicate that cost analyses should be applied
to our functions.
Randomized complete blocks within gross environmental
classes are assumed in this discussion and as many different environments as possible will be sampled. Hence,

