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Genetic Variability in Juvenile Height-Growth of Douglas-Fir
By ROBERT
K. CAMPBELL')
(Received March 1971)

Location 2 is on a droughty site, the soil (Spanaway series
In the Douglas-fir region of western North America,
planting methods for establishing stands and cultural
practices for maintaining them are in a state of evolution.
Some seedlings are planted in areas so clean they approximate agricultural fields; others in jungles of slash and
brush. In some Douglas-fir plantations, seedling growth
is impeded for years by overtopping brush or by browsing
of deer and hare. Because seedlings with rapid juvenile
height-growth pass through the vulnerable stage more
quickly, nursery and outplanting practices which increase
seedling growth are being developed. Innovative practices
are now undergoing extensive testing: the planting of
seedlings grown in paper or plastic containers, machine
planting on terraced slopes, and fertilizing, irrigating, or
mulching of planted seedlings. Some of these practices are
expensive and genetic improvement of juvenile growth rate
has been suggested as an alternative. The suggestion is
worth pursuing as long as negative correlations with
mature growth, or other detrimental side effects, are not
found.
As a first step, this paper examines genetic variability
in seedling height increment of Douglas-fir. It reports
estimates of additive genetic variances, dominance effects,
and family-location interaction variances based on a sib
analysis of 54 families grown in two plantations. An example of genetic gain from mass selection is used to illustrate effects of interaction on heritability and gain.
Materials and Methods

Families came from crosses made according to the
and ROBINSON (1952).
Design I crossing scheme of COMSTOCK
The 63 parents, nine used as females, 54 as males - six
crossed to each female - were chosen randomly from reproductive trees in a small, naturally regenerated stand in
Pack Demonstration Forest near LaGrande, Washington
(elevation 335 meters). Stratified seed of each Cross were
planted in four randomized blocks using procedures closely
approximating those of forest nurseries in the Pacific
0, were
Northwest. In February 1966, seedlings, then 2outplanted at two locations near Centralia, Washington.
Location 1 is on a relatively fertile soil (Salkum series)
having a clay-loam subsurface texture and a clay subsoil.

- gravelly, sandy loam) being excessively drained and of
medium fertility. Locations are 25 kilometers apart and
both are at low elevations (less than 200 meters).
At each location, 60 seedlings from each of the 54 families
were planted in February 1966 in a randomized block design
of 15 replications of 4-tree family plots. Both sites were
cultivated prior to planting. After planting, location 1 was
watered once, while location 2 was watered several times
in the 1966 and 1967 growing seasons and kept essentially
weed free.
Height increments from 1966 and 1967 growing seasons
were measured and analyzed separately for effects due to
location, replication, females, males, and their interactions,
all effects being considered random. Because of differential mortality, between- and within-plot variances were
analyzed in two steps: (1) an analysis of plot means ignoring differences in their reliabilities, and (2) an analysis of
within-plot variability, estimated from random plots in
each replication and location, then pooled (KEMPTHORNE
1957). Components of variance were estimated by equating
mean Squares to expectations (Table 1). Assuming the
absence of effects due to inbreeding, epistasis, linkage,
and maternal environment, variance among females estimates one quarter of the additive genetic variance. Variance among males in females estimates one quarter of the
additive genetic variance plus one quarter of the dominance variance (COMSTOCK and ROBINSON 1948). See CAMPBELL
and REDISKE
(1966) for a discussion of the likelihood of
violations of assumptions in this material.
Genetic gain (R) from mass selection is estimated by
i h2 oph where:
the selection differential expressed in phenotypic
standard deviations (For this example, the assumption is that 1 percent of seedlings are selected as
parents, so in large samples from a normally distributed population, i = 2.67.)
40f2

for within-plantation, and

af2+ ag(f)*+ ae2+ a 2
4 af2
af2+ ag(f)2+ apf2+ ap*(f)2
+ ae2+ aw2for combined
W
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plantations (See Table 1 for description of symbols.)
phenotypic standard deviation from the denominator
Silvae Genetica 21, 3-4 (1972)

