adult sex ratios and sexual differentiation in vegetative growth
rates of Populus tremuloides Michx. Evolution 33 (3), 914—318 (1979).
—— GusTAFrFson, A.: Apomixis in higher plants. Part 1. The mech-
anism of apomixis: Lunds Univ. Arsskr., N.F. Avd. 2 (42), 1—66
(1946). —— GusTArrsoN, A.: Apomixis in higher plants. Part 11.
The causal aspect of apomixis. Lunds Univ. Arsskr., N.F. Avd. 2
(4), 71—178 (1947). —— Horowirz, A. and DuLsERGER, R.: The genetic
basis of gender in Silene vulgaris. Heredity 51 (1), 371—376 (1983).
—— Herisert-NiLssoN, H.: Experimentelle Studien iiber Variabili-
tat, Spaltung, Artbildung und Evolution in der Gattung Salix.
Lunds Universitats Arskrift. N.F. Avd. 2. Bd. 14, Nr. 28: 144 p.
(1918). —— 1Ikeno, S.: On hybridisation of some species of Salix.
Ann. Bot. 36, 173—191 (1922). —— KarLaN, S. M.: Seed production
and sex ratio in anemophilous plants. Heredity 28 (3), 281—285 (1972).
—— KaguN, S. and Lester, S.: Theoretical studies on sex ratio
evolution. Princeton University Press., Princeton. New Jersey.
313 p. (1986). —— Legester, D. T.: Variation in Sex Expression in
Populus tremuloides Micux. Silvae Genetica 12 (5), 141—151 (1963).
—— Lewis, D.: The evolution of sex in flowering plants. Biol. Rev.
17, 46—67 (1942). —— Lioyp, D.G.: Female predominant sex ratios
in Angiosperms. Heredity 32 (1), 35—44 (1974). —— MossELER, A.:

Interspecific hybridization and reproductive barriers between some
North American willow species. Ph.D. Thesis: Faculty of Forestry,
University of Toronto (1987). —— MuLcany, D. L.: Optimal sex
ratio in Silene alba. Heredity 22, 411—423 (1967). —— Orr, H. A.:
Genetics of male and female sterility in hybrids of Drosophila
pseudoobscura and D. persimilis. Genetics 116, 555—563 (1987).
Privack R. B. and Mccau,, C.: Gender variation in a red maple
population (Acer rubrum; Aceraceae): A seven year study of a
“polygamodioecious” species. Am. J. Bot. 73 (9), 1293—1248 (1986).
—— RicuARrDs, A. J.: Plant breeding systems. George Allen and
Unwin. 509 p. (1986). —— Snaw, R. F. and Mouikr, J. D.: The
selective significance of the sex ratio. Am. Nat. 87, 337—342 (1953).
—— SwmiIry, B. W.: The mechanism of sex determination of Rumex
hastatulus. Genetics 48, 1265—1288 (1963). —— Sokar, R. R. and
Rourr, F. J.: Biometry. W. H. Freeman and Co., New York. 859 p.
(1981). —— SrterTLEr, R. F.: Variation in sex expression in Black
Cottonwood and related hybrids. Silvae Genetica 20 (1—2), (1971).
—— WESTERGAARD, M.: The mechanism of sex determination in
diocecious flowering plants. Adv. Genetics 9, 217—281 (1958).
Zuk, J.: Function of Y chromosomes in Rumex thyrsiflorus. Theor.
Appl. Genet. 40, 124—129 (1970).

Site and Age Effects on Genotypic Control of Juvenile
Juglans Nigra L. Tree Height
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Summary

Trends in heritabilities for tree height and coefficients
of genetic prediction from three black walnut progeny
tests were compared from establishment through age 13.
Although the trend in genetic variance components was
relatively uniform from location to location, the patterns
of variation for heritabilities and other variance compo-
nents differed, underscoring the site sensitivity of the
species. It is concluded that black walnut progeny tests
should employ single-tree plots or noncontiguous family
plots for more precise estimation of genetic and environ-
mental parameters.

Key words: Coefficients of genetic prediction, genotype X envi-
ronment interactions, genotype X block interactions,
heritability.

Annotation

Compares genetic variance components for height in
three black walnut progeny tests. Concludes that dif-
ferences in heritability patterns resulted from site sensi-
tivity of black walnut.

Although the amount of genetic improvement that can
be achieved in black walnut from selection has already
been estimated, most estimates are either based on data
from very young trees (Kucera et al., 1974) or on data from
only one outplanting location (Rink, 1984). Because esti-
mates of genetic variation in other tree species change
with age and are also affected by outplanting site condi-
tions (FrankLiN, 1979; NamkoonG and CoNkig, 1976; NAMKOONG
et al., 1972), estimates of genetic variance and gain for
black walnut are needed from different sites and from
trees of different ages. Such estimates are of particular
value due to the extreme site sensitivity of black walnut.

Silvae Genetica 38, 1 (1989)

The objective of this paper is to compare age-related
changes in black walnut variance components, heritabilities
and coefficients of genetic prediction from progeny tests
at three outplanting locations.

Methods

Height measurements from three open-pollinated progeny
tests of stand-grown trees in southern Illinois were used
in this study. For two of the progeny tests seed was col-
lected in 1969, cleaned, stratified overwinter, germinated,
and outplanted in the spring of 1970 as germinating nuts
at a depth of 5 cm. These two progeny tests were estab-
lished on an upland sideslope (the University Farm planta-
tion) and a narrow floodplain site (the Union County
plantation). The University Farm plantation is located at
89.2° W., 37.7° N, elevation 152 m, in Jackson County on a
Hosmer silt loam previously used as agricultural cropland.
The Union County progeny test is located at 89.4° W, 37.5°
N, elevation 134 m, on Haymond and Elsah silt loams that
had been in fescue sod since 1965. The third progeny test
(Pleasant Valley plantation) was established with 1-0 seed-
lings in spring 1973 on a Haymond silt loam in a wide
floodplain of Sexton Creek, Alexander County, Illinois
(89.3° W, 37.3° N, elevation 146 m) on an abandoned pasture.
Weed control at all three progeny tests consisted of strip-
spraying a simazine, dalapon, 2,4-D mix prior to out-
planting and spot-spraying for 3 years thereafter. At age
13 the trees averaged 5.0, 4.9, and 5.2 m at Union County,
University Farm, and Pleasant Valley, respectively.

All three progeny tests were designed to be converted
to seedling seed orchards at a subsequent age; seedlings
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of open-pollinated families (a family is defined as a group
of seedlings of a single mother tree) were randomly assigned
to row plots in blocks in a randomized complete block
design. Only trees that were ,above average“ in form
quality were included in the progeny tests, although no
rigid criteria were applied during selection of mother
trees. Most mother trees were from within a 250-mile
radius of the plantation locations, which included south-
western Missouri, western Kentucky and Tennessee, north-
western Arkansas, and southern Illinois, although some
seed from southeastern Kansas was also included at Pleas-
ant Valley. At the University Farm and Union County
tests, germinants from 87 mother trees were outplanted in
5 blocks, while at Pleasant Valley seedlings of 54 families
were planted in 10 blocks. Although the same families
were represented at the Union County and University
Farm tests, the Pleasant Valley plantation contained seed-
lings of different families. Spacing in the University Farm
and Union County tests was 1.2 m between trees within
rows and 3.0 m between rows, while at the Pleasant Val-
ley test spacing was 1.8 m within and 3.7 m between rows.
As a result, blocks were approximately 0.18 hectares in
area at each of the three tests.

Due to the closer spacing in the Union County and Uni-
versity Farm tests, earlier roguing was needed; they were
thinned after the fifth growing season, removing the
smallest two trees from each five-tree family plot. At
Pleasant Valley the roguing was applied after the twelfth
growing season, removing the three smallest trees in each
five-tree family row plot.

Annual height measurements were analyzed with uni-
variate analysis of variance techniques using a random
effects two-way model on an individual tree basis; sources
of variation in the model included blocks, families, and
their interaction. To minimize bias during variance com-
ponent estimation, however, data from each progeny test
had to be selectively balanced by deleting measurements
from families not equally represented in all blocks. In ad-
dition, one complete block was deleted from the data set
at each location due to low survival in these blocks. Deter-
mination of which trees and families to retain in the data
set was made on the most recent set of measurements at
each location, and only these data were retained for
variance component estimation for all prior measurement
years. However, variances and heritabilities based on this
data set were not greatly different from those based on
an unthinned data set with less selective balancing. The
final data set used for variance component estimation in-
cluded 49 families at University Farm, 44 families at Union
County, and 24 families at Pleasant Valley. Resulting
variance components were used to generate annual nar-
row-sense individual tree heritabilities. In addition, a
combined location analysis of variance was used for data
from Union County and University Farm. Variance com-
ponents were estimated by the Maximum Likelihood
Procedure of the Statistical Analysis System (SAS Insti-
tute, 1979). For this procedure the data set had to be furth-
er balanced to include only 29 families. Variance compo-
nents were also used to generate Barapar’s (1976) coef-
ficients of genetic prediction (CGPs). Trends in variance
components, heritabilities, and CGPs for all measurement
years were compared among all three progeny tests.

Results and Discussion

Statistical significance (p < 0.001) in analyses of variance
was indicated for all effects at all outplanting sites in all
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Figure 1. — Trends in variance components for tree height among

half-sib families (ozf, expressed as a percent) for three black walnut
progeny tests over 13 growing seasons.

measurement years except for the block effect at the
Pleasant Valley site in the first year after establishment.
After the second growing season, however, this effect was
also highly significant.

Genetic control over black walnut height growth as
reflected in family variance components (expressed as a
percent of total variance) appears to follow a similar trend
at all three plantations (fig. 1). Four years after plantation
establishment the trend in family variance components
appears relatively stable, with the lines gradually con-
verging by the last measurement; at age 5, the family
variance component accounts for 3.9, 6.2, and 12.8 percent
of total variation (tab. 1). However, the plot of heritability
(fig. 2) shows distinctly different trends in the different
progeny tests. In all three cases heritability is at a maxi-
mum in the year of establishment and decreases rapidly
with age. Following the initial decline, however, there
does not seem to be any common trend in heritability, as
three different patterns corresponding to the three progeny
tests emerge. The trend at Pleasant Valley is for increasing
heritability from age 7 until age 12 while at the Union
County progeny test heritability declines to age 11 and
then stabilizes. At University Farm, heritability continues
to decrease until age 10 and then increases again. By age
13 heritability is relatively stable in all three plantations.

Because the family variance components are relatively
homogeneous in all progeny tests, and heritability is a
ratio of additive variance (i.e., 4 X family variance) di-
vided by phenotypic variance, the explanation for the dis-
cordant heritability trends must be with the phenotypic
variance. In this experiment phenotypic variance is the
sum of family, block X family, and error variance compo-
nents. At both the Union County and University Farm
progeny tests the sum of the error and block X family in-
teraction components accounts for more than 60 percent of
total variance in every measurement. By contrast, at Pleas-
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Figure 2. — Trends in heritability (h? of tree height based on
growth data from three half-sib progeny tests over 13 years
after establishment.

ant Valley this sum is only high through age 7 but below 35
percent after age 11 (tab. 1).

Differences in heritability trends between Pleasant Val-
ley and the other progeny tests apparently lie in how ef-

ficiently the tests were blocked. The Pleasant Valley pro-
geny test is located on a wide, relatively level floodplain.
Site gradients and microsite variation on such a wide
floodplain tend to be relatively gradual, enabling efficient
partitioning of the area into blocks. By contrast, the Union
County test is located on a much narrower, more sloping
floodplain surrounded on two sides by a steep bluff. Blocks
on this site were located on a slope that included more
abrupt microsite variation. The University Farm test is
situated on a highly eroded upland hillside which was
even more difficult to subdivide into site-uniform blocks.

The variance components reflect site conditions at the
respective locations. In all three cases the block variance
component is low during the plantation establishment
phase and increases gradually (fig. 3). At Union County
and University Farm the block component tends to level
off after the initial increase (ages 7 to 10) but a Pleasant
Valley the block component continues to increase. Further-
more, the Pleasant Valley test consistently has the lowest
block X family interaction component (fig. 4), which in-
dicates that this site has the least within-block site hetero-
geneity and substantiates the high blocking efficiency at
this site. Similarly, the greater site heterogeneity at the
Union County and University Farm progeny test is re-
flected in the larger block X family interaction and with-
in-plot variance components (figs. 4 and 5, resepectively)
which, when used in the denominator of the heritability
ratio, also result in lower heritability estimates at those
sites.

Variance components from combined-location analyses
of Union County and University Farm progeny tests
(tab. 1) disclosed abrupt differences in components be-
tween ages 3 and 5. The differences were most pronounced

Table 1. — Variance components for tree height as a percent of total variance.

Plantation age (years)

Components 1 2 3 5 1 8 1L 33
Uniop County
Block 9.35 10.22 5.00 6.77 6.45 14,01 13.44
Family 26.99 17.69 22.02 12,79 10.65 6.14 6.11
B xF 23.49 31.52 39.13 50.76 55.21 59,99 55.78
EEror 40,01 40.57 33.85 29.69 27.69 19.85 24.67
h 1.19 0.79 0.92 0.55 0.46 0.29 0.28
SE (h2) 0.34 0.28 0.31 0.26 0.26 0.24 0.23
University Farm

Block 2.24 9.47 7.80 18.58 28.27 27.20 22.84 29.87
Family 20.59 11.82 12.52 6.15 4,12 2.43 4,17 4,45
B xF 15.86 24.68 32.81 37.92 39.00 39.69 42.04 34,82
EEror 61,31 54,03 46 .87 37.35 28.61 30.69 30.96 30.87
h 0.84 0.52 0.54 0.30 0.23 0.13 0.22 0.25
SE (h2) 0.17 0.21 0.22 0.20 0.20 0.18 0.20 0.20

Plantation 29.76 58.45 47.08  6.82 0 0 0
Blocks/P1. 5.40  4.68  5.62 16.87 17.79 21.25  22.46
Family 7.36  4.02 10.02 7.46  6.63 6.7 4.36
P1. x F 7.48  3.22  0.99  2.84  2.46 0 1.84
(BxF)/PT. 16.74 11.55 17.92 39.28 45.35 45.89  43.23
Egror 33.17 18.08 18.37 26.74 27.78 26.15  28.11
h 0.45 0.44  0.85  0.39  0.32 0.34  0.23
SE (h?) 0.26 0.24 0.30 0.22  0.18 0.20  0.18
Pleasant Valley
2 3 5 6 1 8 9 11 12 13
Block 0 3.73  14.34  27.80 33.56 46.25 55.40 64.26 66.27 68.73
Family  24.28  6.84  3.94  3.14 2.91  2.80 2.81  3.17  3.49  3.20
BXF 14.33  25.26 34.21  28.93 24.47 26.86 24.94 23.03 20.47 19.43
Egror  61.40 64,18 47.50  40.13 39,07 24.10 16.85 9.54  9.78  8.64
n 0.97 0.28 0.18  0.17 0.17 0.2l  0.25 0.35 0.41 0.4l
sE (hY) 0.3  0.15 0.4 0.14 0.3 0.15  0.16  0.20  0.21 0.2l
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Figure 3. — Trends in among-block variance components for tree
height (0%, , expressed as a percent) for three black walnut progeny

h’
tests over 13 growing seasons.

for the plantation effect and presumably reflected seedling
establishment through age 3. The single largest variance
component beyond age 3 resulted from the interaction of
blocks and families within plantations. Surprisingly,
components for the interaction of plantations and families
(estimates of genotype X environment interactions) were
low in spite of statistical significance (p < 0.01). The im-
plication of these results is that on these two sites micro-
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Figure 4. — Trends in block X family interaction variance compo-
nents (o(szf)’ expressed as a percent) for three black walnut pro-
geny tests over 12 growing seasons.
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environmental variation is so great that it exceeds macro-
environmental differences between these upland and bot-
tomland sites. It should also be emphasized, however, that
these genotype X environmental variance components are
based on only two sites in southern Illinois, not enough to
get a good genotype X environment variance estimate.

Presumably the greater heritabilities obtained at the
Pleasant Valley test reflect more accurate estimates of in-
heritance of juvenile black walnut height growth. How-
ever, heritabilities and coefficients of genetic prediction
(tab. 2) reported here are somewhat lower than those re-
ported earlier for Pleasant Valley (Rink, 1984). Although
there had been an effort to balance the earlier data set, the
differences in heritabilities and CGPs are thought to result
from the sensitivities of these parameters to data imba-
lance. Comparison of CGPs among the three progeny tests
(tab. 2) reveals that CGPs from Pleasant Valley are higher
than those from the other two tests for the most recent
measurements. As with the heritabilities discussed earlier,
reduced CGPs appear to result from a lack of within-block
uniformity at University Farms and Union County.

Large block X family effects have also been reported in
genetic analyses of tests in loblolly pine (Pinus taeda L.)
and cottonwood (Populus deltoides Bartr.) (Foster, 1985;
Lamseta et al., 1983). Such effects may be inherent with
contiguous row plots in randomized complete block design
plantings commonly associated with genetic experiments
requiring large areas of land and embracing more site
variability than once thought (McCurcvan et al., 1985).
Single-tree plots or alternatively noncontiguous multi-
tree plots randomized throughout blocks have been sug-
gested for increasing the within-block uniformity required
for more precise estimation of genetic parameters (LamBETH
et al., 1983; Lisey and Cockeruam, 1980). Site uniformity
within blocks is especially critical for black walnut be-
cause it is an extremely site sensitive species. However,
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Table 2. — Coefficients of genetic prediction (CGP) for black wal-
nut tree height for University Farm (UF), Union County (UC), and
Pleasant Valley (PV).

Plantation age

1 2 3 5 6 7 ] 9 10 11 12 13
1 UF 0.84 0.35 0.36 0.21 ~ 0.09 - - 0.06 0.00 - 0.00
u 1,19 0.95 0.8 0.5 - 0.48 - - - 0.42 - 0.34
PV - - - - - - - - - - -
2 W 0.52 0.50 0.39 -~ 0.21 - - 0.18 0.14 - 0.15
uc 0.739 0.75 0.53 -~ 0.46 - - - 0.41 - 0.33
PV 0.97 0.45 0.26 0.22 0.12 0.17 0.13 =~ 0.13 0.19 0.14
3 W 0.54 0.42 - 0.27 - - 0.23 0.19 - 0.
uc 0.92 0.69 - 0.61 - - - 0.56 - 0.47
PV 0.28 0,19 0.17 0.18 0.16 0.22 -~ 0.25 0.27 0.25
5 UF 0.30 - 0.19 - - 0.15 0.14 - 0.15
uc 0.55 - 0.49 - - 0.24 0.35
PY 0.18 0.18 0.17 0.13 0.20 - 0.25 0.23 0.27
6 U - - - - - - -
ue - - - - - - - -
Py 0.17 0.18 0.18 0.19 - 0.22 0.23 0.24
7w 0.23 - - 0.18 0.21 - 0.22
uc 0.46 - 0.41 0.35
PV 0.17 0.18 0.20 - 0.22 0.23 0.24
8 UF - - - - - -
uc - - - - - -
PV 0.21 0.22 - 0.23  0.24 0.25
9 UF - - - - -
uc - - - - -
PV 0.25 - 0.29 0.29 0.23
10 UF 0.13 0.18 - 0.17
uc - - - -
PV - - -
11 UF 0.22 - 0.23
uc 0.29 - 0.27
PV 0.35 0.38 0.38
12 ¥ - -
ue - -
Py 0.41 0.41
13 UF 0.25
uc 0.28
Py 0,41

although single-tree plots are efficient for estimating gene-
tic parameters, they may not be practical for individual
tree selection.

As expected when large block X family effects are pre-
sent, family rankings among blocks within a location are
inconsistent; the highest ranking family in one block may
be below average in height in another block. The lack of
consistency is so great that it is not surprising that there
is also a lack of consistency among mean family perfor-

mance from one outplanting location to another. However,
some faster growing families tend to be faster growing
at all locations, although they may be few in number.
Perhaps the strategy for walnut improvement should be
to select the consistently faster growing families even at
a risk of sacrificing some growth gains, since such con-
sistently high performers are not always the fastest grow-
ing families at all locations — i.e., selection for broad
adaptability. The alternative to this strategy would be to
select specific families for specific sites. Such a multiple
selection approach is not a viable one in an improvement
program limited by the low number of sites suited for
walnut culture.
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Abstract

This paper describes how economic and decision making
+achnicues were used, for a corporately owned timber tract
to evaluate an existing Douglas-fir tree improvement pro-

1) School of Natural Resources, The University of Michigan, Ann
Arbor, MI 48109-1115, U.S.A.

?) Faculty of Forestry, University of British Columbia, Vancouver,
B.C. V6T 1W5, Canada

3) California Department of Forestry, 5800 Chiles Rd., Davis, CA
95616, U.S.A.

4 International Forest Seed Company, P.O. Box 290, Odenville,
AL 35120, U.S.A.

Silvae Genetica 38, 1 (1989)

gram and to plan its future direction. We designed tree
improvement alternatives to meet the projected seed re-
quirements over time. The alternatives differ in the amount
of gain they will provide, and in their cost. Considered are
the collection of cones from designated parents in wild
stands, first-generation seed orchards of two types, second-
generation seed orchards of two types, and combinations
of first and second generation orchards. After ensuring
that each alternative is cost-effective, its net present value
is calculated to determine the economically desirable alter-
native. For the specific case examined, interim seed col-
lection should be from designated parents in wild stands,
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