VARIATION AND ESTIMATED GAINS IN HEIGHT, DIAMETER, AND
VOLUME GROWTH FOR OPEN-POLLINATED PROGENY OF VIRGINIA
PINE (Pinus virginiana Mill.)
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Abstract.--Ten-year old open-pollinated progeny of random trees
from 12 stands in Tennessee and Kentucky were analyzed for height,
diameter, and volume growth. Approximately 20,000 individual progeny representing 128 half-sib families outplanted at three locations
in Tennessee were measured. Variance componenets indicated that most
of the variation in height, diameter, and volume growth was among
half-sib progeny within families. However, the among family and
among stand variance components made significant contributions to
the total variation. Interaction variance components for locations
with parent stands, and locations with families within stands were
low for all variables; these components did not exceed 1.5% of the
total variation. Two plantations were marked from conversion to
seedling seed orchards. Gains in volume growth by selecting the
best one third of the families and the best individuals within
these families were estimated to be 18% and 30%.

METHODS

Twelve natural stands were selected from the Coastal Plain, Cumberland
Plateau and Mountains, and the Great Valley physiographic regions of Tennessee
and Kentucky (Figure 1). Stands were even-aged and of average or better than
average quality. These stands ranged in age from 28 to 53 years and site
indices varied from 60 to 87 feet (Thor, 1964). Only one stand (stand 10)
had received any silvicultural treatment; this stand was a United States
Forest Service seed production area which had been thinned heavily to remove
undesirable trees.
From each stand 15 trees were selected as potential parent trees. Parent
trees were healthy dominants or codominants with poor, average, or excellent
phenotypic characteristics.
Originally, six open-pollinated progeny plantations were established.
However, for this study only three plantations were used (Ames Plantation,
Camp York, and Highland Rim) (Figure 1). Only 128 parent trees yielded
enough seedlings to be included in the experiment and the number of progeny
varied so much that only the Highland Rim plantation included all 128 families.
Ninety families were represented at the other two locations.

1/ Seed Orchard Supervisor, Champion Timberlands, Newberry, SC and Professor
of Forestry, Dept. of Forestry, Wildlife, and Fisheries, The University of
Tennessee, Knoxville, TN.

Plantations consisted of seedlings planted in ten-tree family row plots
arranged in a randomized complete block design. Each block was replicated ten
times at each plantation. Spacing was four feet within family-row plots and
eight feet between rows.
Measurements were made between late summer 1977 and spring 1978. Tenyear measurements included total height to the nearest foot and stem diameter
(D.B.H.) to the nearest 0.1 inch. Individual tree volumes were computed from
height and diameter measurements using a volume prediciton equation for young
Virginia pine (Goebel and Mathews, 1966).
Analysis of variance was performed on an individual tree basis for each
characteristic at each location and across all locations. All effects were
assumed to be random. The analysis of variance was computed using the
General Linear Model (GLM) procedures of the Statistical Analysis System
(SAS 76) program (Barr et. al, 1976). The individual location and the combine(
location analyses, with some exceptions, followed those used by Rink and Thor
(1976).
RESULTS AND DISCUSSION

Individual Locations

Mean squares, degrees of freedom, and levels of significance for volume,
height, and diameter are presented in Table 1. At all locations the effects
of stands and families-within-stands were significant for all variables.
Estimates of variance components, heritabilities, and standard errors are
presented in Table 2. The variance components and heritability estimates for
the Ames and Highland Rim plantations were similar. At Camp York, however,
larger estimates for the interaction of replication by family-within-stand and
smaller estimates for the family-within-stand variance components for all
variables were obtained. This resulted in lower heritability estimates at
Camp York.
Standard errors for the family-within-stand variance components and for
the heritability estimates were in most cases small. The average standard
error for both estimates was about 20% of the estimate. Since all families
are not represented at all locations, differences in variances among test
sites are partially attributed to variance of uncommon families.

Combined Locations

Mean squares, degrees of freedom, and levels of significance for volume,
height, and diameter are presented in Table 3. Sensitivity of the experimental
design is evident by the predominance of significance for almost all sources
of variation and variables.
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Estimates of variance components, heritabilities, and standard errors are
presented in Table 4. Although not directly comparable, the estimates obtained
from the combined analysis and the mean of the estimates obtained from the
individual locations are of the same magnitude.
The analysis indicates that for all variables the within-plot variance
components accounted for the largest portion of the phenotypic variance,
representing 91.7% for volume, 77.8% for height, and 93.1% for diameter.
Location components of interaction (location by stand, and location by family
within stand) are very small; together these accounted for only 1.0% for
volume, 1.5% for height, and 1.1% for diameter of the phenotypic variation.
Heritability estimates were .17 for volume, .20 for height, and .4 for diameter.
When tenth-year results are compared to the fifth-year results obtained by
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Rink and Thor (1976) there is considerable similarity. The only consistent
difference is the slightly lower proportion of the phenotypic variation
accounted for by the stand variance component at ten years than at five years.
Ranking the stands by volume growth revealed that three stands (stand 10,
Etowah, Tennessee; stand 1, Clifton, Tennessee; and stand 11, Vonore, Tennessee)
consistently ranked first, second and third at all locations. Although stand
12, Newport, Tennessee, ranked second at the Highland Rim location, it was only
represented in this location.

APPLICATION OF RESULTS

Two of the progeny plantations, Ames and Camp York, were marked for
conversion to seedling seed orchards. This was accomplished by selecting
the best families and the best individual within a selected family row plot.
Selected families were based on their performance across all locations.
Although volume growth was the main selection criterion, individuals with
poor stem form were not accepted, thereby possible sacrificing some volume
gain.
Individual2Ftree heritabilities
are appropriate in the estimation of
genetic gains only when individuals are selected based on individual performance,
as in mass selection. When entire families are selected and rejected based on
the mean of the family individuals and when individuals are selected or rejected
based on their deviation from the family mean, then individual tree heritability
estimates cannot be applied to these separate stages of selection to estimate
gains. Falconer (1960) presented a method for computing gains resulting from
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Expected gains from both plantations are presented in Table 5. The
selection differential (SD F ) between the mean of selected famqies and the
location mean was multiplied by the family mean heritability (q) to obtain an
estimate of gain (G F ) from family selection.

Since these gains are additive, the total gain is the sum of the gain
obtained from each stage of selection. Expected volume growth gains from
Ames and Camp York plantations by selecting 27 or 28 of 90 families at each
location and the best individual within each of these families was .1642 ft.3
and .1716 ft. 3 , respectively. The volume gain was 29.9% at Ames and 18.0%
at Camp York above the population mean at each location.
Estimates of volume growth gain based on a hypothetical roguing of the
Highland Rim location were also made using the method described by Falconer
(1960). By selecting 30% of the families and the best individual within those
families, the total volume growth gain was estimated to be 25.8% above the
location mean. Similar results, 25.1% above the location mean, were obtained
by using the variance component method of multistage selection described by
Namkoong et al. (1966) as adapted by Evans and Thor (1971).
Based on ten-year data, the most promising seed sources appear to be
those from the central part of the Great Valley of Tennessee. In addition,
substantial improvement in volume, height, and diameter growth can be obtained
through a selection breeding program in Tennessee for Virginia pine. Volume
gains from seedling seed orchards compare favorably with those reported from
grafted orchards of other southern pines.
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