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Introduction
Genetic gain to be realized from a selection program depends on three factors (1) intensity of selection. (2) magnitude of additive genetic variance and (3) the accuracy of
selection or the ability to select superior genotypes. The
intensity of selection depends on the proportion of individual~saved and BURDON
and SHELBOURNE
(1971) have discussed the limits to stretching gains by manipulating this
component. Additive genetic variance measures the breeding value of genotypes and there is very little that a breeder
can do to change this component. The accuracy of selection
is measured by the correlation between the selected individual's breeding value and the criterion upon which
selection is based. This is practically the only factor that
the breeder can alter to increase gains from his selection.
The criterion upon which selection is based can be (a)
individual phenotype, (b) mean of individual's progeny, (C)
perfoirmance of the s m e individual tested in different
environments, and (d) pedigree estimates of the individual;
i.e., the performance of its relatives. All these criteria are
currently used by tree breeders. Thus, selection in the wild
stands corresponds to (a) abuve while progeny in several
environments coimbines (b) and (C) above. Clonal tests, as
proposed by LIBBY (1964) corresponds to (C) while criterion
(d) is becorning more and more important in advanced
generation breeding.
In recent tree breeding literature, there has been considerable discussion about the relative merits of aids to
selection such as progeny testing, clonal testing, and the
use of pedigree information in the form of combined family
et al.
and individual selection indices (LIBBY 1969, NAMKOONG
1966) SHELBOURNE
1969, BURDON
and SHELBOURNE
1971, VAN
BUIJTENEN
1972, ZOBEL et al. 1972). These authors have, however, based their arguments on genetic gain predictions according to selection theory. One of the several assumptions
on which this theory rests is that there is no genotype X
environment interaction. Thus, the merits of progeny testing has been assessed mainly in terms of the a d d d gains
to the rogued clonal or seedling seed orchard. When genotpye X environment interaction proves important, then
progeny testing becomes even more beneficial. That is, it
then fulfills two important functions:
(i) to provide information which can form the basis for
genetic thinning of seed orchards and hence extra genetic gains.
(ii) when tested in several locations and years, to reduce
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the environmental "noise" that would otherwise be associated with measurement of the selection mit.
Progeny tests have a third function which is not relevant
to the present discussion; if based on properly designed
mating schemes, they form the genetic resource for advanced selection and breeding.
The experiment reported here was set up in an attempt
to study the merits of progeny testing in several locations
relative to testing in one location. In addition, the merits of
using a common genetic check are assesed. The specific objectives of the study were:
1. to measure the repeatability of family means across environments
2. to measure the relative efficiency of progeny testing in p
locations as opposed to testing in m e location.
3. to compare observed family means with the most probable family means after adjustments for effects of genotype X environments interaction.
4. to evaluate the merits of using a oolmrnon genetic check
as has been gmerally adopted in tree breeding.

Genetic Background
If P is the phenotypic measure and A is the breeding
value, then the accuracy of selection is, by definition, the
correlation between A and P (rAP).In the simple case of
,
h is the square root of the
mass selection r ~= ~h where
narrow sense heritability. The response to selection in this
case is R = rAP.i. CTA= h.i.0~where i = intensity of selection in standard units and aA = the square root of the additive genetic variance.
If the breeder uses the family mean at a location as his
selection unit and if this family mean is the average performance over n replications with k trees to a plot, then
progeny testing in p locations increases the response to
selection by increasing h as follows:
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where rf is the repeatability of family means across the
environments and hp is the square r m t of the heritability
based on progeny testing in p locations. It can be readily
Seen that progeny testing increases the heritability and
hence the genetic gain by a factor
pnk
.
1 (pnk - l)rf.
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Since, in tree breeding progeny testing, the combination
of pnk is usually large, the critical factor in progeny test
efficiency is the repeatability of family means with the efficiency being greater the lower the repeatability.
The relative efficiency of selection (Q) based on progeny
test at p locations relative to that at one location has the
relationship
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