The decrease in the utility of selection following testing is
less drastic at high cost ratios, but there are limits in the
cost ratio beyond which no testing is feasible for maximizing gain per unit cost. In actuality, sib testing costs are
expected to be low and to be offset by seed production
benefits; hence, the cost ratios will often be small.
If it becomes feasible to decrease the time to flowering
significantly - as by cultivation, fertilization, or irrigation - the precision of the sibling tests may be affected.
If no such speeding possibilities exist, the above calculations are sufficient for the situation. However, the breeder
may well be faced with choosing between a quicker seed
yield and a more precise second-stage selection. A new
optimum level of selection will have to be found according
to the relative decrease of h2, by the ratio of time factors
t2

or other appropriate economic functions of time costs.

The index (w'x) would be:
0.040 X, 4- 0.101 X,

+ 0.083 X,

The value of o, would be 0.1188. With these figures inserted
into formula (3), the optimum selection proportions for a
cost ratio (C,/C,) of 1 would be approximately (0.06, 0.17)
for first- and second-stage selections, respectively, for a
final combined selection intensity of 0.01. If the selection
is on the order of 20 out of 2,000, the per-unit gainlcost
ratio is 177.
It is instructive to note that the gainlcost ratio for other
allocations of selection intensity for these Same parameters
is not very bad within the neighborhood of the optimuni
selection. In the breeding situation described above, selection proportions of 0.1, 0.1, respectively, give a gain/cost
of 175. Allocations much different, say 0.02, 0.5, do however
result in a significant loss in gainlcost, down to 165.

1

Also, the variance ),:o(
of the progeny test may be increased by confounding interaction effects caused by the
flowering treatments, in which case a heritability factor
(h2,) would enter into the gain formulation (equation 2)
and into the oIi, part of the optimizing equation (3). Both
factors would therefore tend to increase the selection intensity of the first stage.
If the heritabilities listed by CAMPBELL
(1964) for various
growth traits are a guide, a reasonable heritability for such
traits appropriate for woods selection might well be around
0.10. If the progeny test plantings can raise the heritability
for family selection to 0.5, the following caculations can be
made according to the formulas given previously on the
basis of o = 1:

where

mother tree phenothypic value
half-sib family mean
= individual seedling value

X, =
X, =
X,

Summary
The allocation of selection intensities in a seedling seed
orchard program can be optimized on the basis of gain per
unit cost. Ordinary maximization procedures result in
equations that can be solved for the proper selection intensities under given heritability and cost conditions for
any desired final selection intensity. The solutions indicate
that, as cost ratios rise, reliance should be increasingly
placed on selection of suitable trees in the woods, rather
than on selection following sib testing.
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Growth Patterns of Pinus sylvestris L. Provenances in Minnesota*)
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Introduction
Results of correlation analyses of the phenological data
of Pinus sylvestris L. provenances grown in Minnesota
with the object of determining the nature of variation in
the species have been discussed in a separate paper (KHALII.,
1968). The conclusion was made that clinal variation exista
from north to south with reference to (1) the number of
days after April 15 to the time of the maximum rate of
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degree of Doctor of Philosophy. - Published as Scientific Journal
Series Paper No. 6610 of the University of Minnesota Agricultural
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height growth, (2) the number of days after April 15 to
the cessation of height growth, and (3) the total height in
early age. The variation was non-clinal with respect to the
remaining eight growth characteristics.
Clinal variation from west to east was found only for
two characters, viz. the number of days after April 15 to
the commencement of height growth and to the time of the
maximum rate of height growth. The variation was found
to be non-clinal with reference to the remaining nine
growth characteristics studied.
Clinal variation with altitude was found to be absent
for all the eleven characters studied.
These results show that a large part of the variation in
the species is non-clinal, discontinuous or ecotypic, resul t-

