In F i g u r e 2, average annual growth is plotted with
elevation for three populations. Note the maximum growth
for populatim A is greater than the maxima for B or C.
Seedlings or rmted cuttings from the A population, which
evolved at 900 m, can be reaconably planted up the mountain slope tol about 1200 m. This region corresponds to the
shoulder portion of the curve in F i g u r e 1 (region a). The
limit to planting A occurs where its performance curve
drops more sharply, due to its poorer adaptatioa (region B,
F i g u r e 1). The replacement of A with another population
might be determined by the point where its annual growth
is (say) 5% below that of the best alternative population for
that site, which is designated B in F i g u r e 2. Once that point
and alternative population are deterrnined, the B population can be used instead of the A population at 1140 m and
above ( F i g u r e 2). This suboptimal source B evolved at
1100 m. According to the model, some other populations
would outperform both A and B at some sites between
900 m and 1200 m, but the difference would be less than
5%, and thus not likely to warrant a separate domesticat i m program. The B population will be planted between
1140 m and 1400 m, and the C population, which evolved
at 1350 m, can be planted over the rest of the upper region
starting at 1400 m. Thus three populations suffice for all
planting sites On this idealized mountain slope. Such plantations should have a greater genetic capacity for growth
than plantations using local populatim or natural regeneration, assuming that the nonlocal trees are suffficiently adapted to survive to rotation age.
The example assumes that elevation is highly correlated
with the causes of growth-rate variation. This will not be
the case in all areas or for all species (see contrasting examples by CAMPBELL
1974; TEICH, SKEATES,
and MORGENSTERN,
1975). Certain environments may change in erratic patterns,

which will make delimitation of a population's potential
planting Zone complicated. In such caws, it will be important to assess each planting site's environment in order to
predict how much and what kinds of stress the planted
trees will eneounter. Experiments should be conducted in
olrder to elicit the actual shapes of the growth responses
(which we have idealized in the model), and to discern the
degree of mobility of nonlocal provenances. The amount
and ~rganizationof the genetic variation in a species, and
plasticity of responses of typical genotypes tol environmental variation, will affect the shapes of curves. These in
turn will influence decisions concerning the number of
populations to be selected in order to Cover a set of environments.
The model we have presented is crude. We have used as
an example a mofuntain slope, but it can also be applied to
broad-ranging species which uccupy non-mountainous
physical environments which vary from favorable to less
favorable. The model can be tested and modified by further
experimental and thmretical research, and we hope it
serves as an early conceptual framework for such research.
Meanwhile, we offer it as a consideration in practical ref orestation decisions.
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A simplified design for combined provenance and progeny testingl)
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Summary
It is often desirable to combine the functions of provenance and progeny tests into one experiment testing the
offspring of several different trees from each of many
stands. A design is proposed whereby such an experiment
may be simplified. The proposal is a variation of the compact-family design, with plots representing stands randomized within blocks, small sub-plots representing families within stands, and sub-plots systematically arranged
within plots. The systematic arrangement is obtained by
color coding when planting. That feature permits simplifications in the labeling, mapping and record keeping procedures without a sacrifice in quality of data. With the
propolseddesign, a combined provenance-progeny test can
I) Approved for publication as Journal Article No. 8456 of the
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be conducted almost as simply as an ordinary provenance
test.
Key words: Provenance-test, design.

Zusammenfassung
Es ist oft notwendig, Provenienz- und Nachkommenschaftsteste zu kombinieren. Hierzu wird ein vereinfachtes
Design vorgeschlagen, welches die Prüfung der Nachkommenschaften verschiedener Bäume aus vielen Beständen in
einem Versuch zuläßt. Gleichzeitig werden Vorschläge für
eine vereinfachte Kennzeichnung auf der Versuchsfläche
durch farbliche Abstimmung gemacht.
Introduction
For a typical provenance test, seeds are collected from
a number of trees in different stands and are then bulked
by stand. No effort is made to maintain separate identity
for the offspring of individual trees within a stand. A typiSilvae Genetica 27, 2 (1978)

