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Abstract. Specific gravity is an important wood quality
trait that affects both the quality and quantity of pulp and solid
wood properties. To determine the heritability and age-age
relationships for specific gravity, increment cores were collected
at DBH (1.4 m) from four control-pollinated loblolly pine genetic
tests that were at least 20 years old. These tests contained 93
families representing 23 different parents. Unextracted specific
gravity was determined on core segments that included the first
five years from the pith, rings six to 20 years and the total
core. The estimates of general combining ability were significant
for all age segments in each test; however, none of the estimates
for specific combining ability were significant. Family herita-
bility estimates for the first five years from the pith averaged
0.58 and ranged from 0.38 to 0.75 among the four genetic tests.
For the six to 20-year core segments, family heritability
estimates averaged 0.73 and ranged from 0.62 to 0.79. The
coefficient of genetic prediction between the two age segments
averaged 0.50. Selection at age five for specific gravity would
be approximately 68 percent as efficient as direct selection to
increase age six to 20-year specific gravity.

Keywords: Pinus taeda L., density, coefficient of genetic
prediction.

INTRODUCTION

Specific gravity is an important wood quality trait that affects the
forest products industry. Increasing specific gravity can impact both the
quantity and/or quality of pulp and solid wood products. Both selection (van
Buijtenen 1962, McKinley et al. 1982, Talbert et al. 1982, Williams and Megraw
1994) and silvicultural treatments (Megraw 1985, Zobel and van Buijtenen 1989)
can influence wood specific gravity.

Wood specific gravity for loblolly pine (Pinus taeda L.) has been
reported to be under moderate to high genetic control (review Zobel and van
Buijtenen, 1989, pp. 259-261). However, most of these studies were based on
open-pollinated genetic tests of relatively young ages (ten years or less).
Talbert et al. (1982) reported ten-year results from a control-pollinated
loblolly pine genetic test. They concluded that juvenile wood specific
gravity was under strong additive genetic control (h2 = 0.84) and that a
genotype by environment interaction was of little importance. The lack of any
meaningful genotype by environment interaction for loblolly pine wood specific
gravity was confirmed by Byram and Lowe (1988) and Jett et al. (1991).

Wood specific gravity has not been commonly used as a selection criteria
in developing breeding populations for loblolly pine in the southeastern
United States. The lack of juvenile-mature relationships and different
economic importance for various products have hindered the incorporation of
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wood specific gravity into selection criteria. Recently, increased
consideration is being given to the development of breeding populations that
include specific gravity as a selection criteria. Reliable juvenile mature
relationships are needed to incorporate wood specific gravity into a breeding
strategy. Williams and Megraw (1994) reported moderate to high positive age-
age relationships for loblolly pine using several techniques.

The objectives of this study were to determine the heritability pattern
and age-age relationship of wood specific gravity for the first 20 years in
control-pollinated genetic tests of loblolly pine and evaluate the efficiency
of early selection.

MATERIAL AND METHODS

Samples were collected from four control-pollinated loblolly pine
genetic tests located in Ashley County, Arkansas. The genetic tests ranged
from 25 to 33 years in age. All of the tests were established using a
randomized complete-block design with families planted in block plots. The
number of replications varied from three to six and the number of seedlings
planted for each control-pollinated family per replication ranged from 9 to 64
among the tests. All of the tests had been thinned at least once.

Unextracted wood specific gravity was determined on 11 mm diameter bark
to bark increment cores that were collected at DBH (1.4 m). Knots, resin
pockets or other visible abnormalities were avoided. The cores were divided
into two age segments: 1) the first five years from the pith, and 2) 6 to 20
years. The maximum moisture content procedure as described by Smith (1954)
was used to determine specific gravity for each age class. Specific gravity
was also determined for the total core. Approximately 20 cores were collected
from each control-pollinated family in each test. A total of 93 families
representing 23 different parents were sampled. The number of crosses ranged
from three to twelve per parent utilizing a partial-diallel mating scheme in
each genetic test.

Variance components, including general combining ability (GCA) and
specific combining ability (SCA) were estimated using DIALL (Schaffer and
Usanis 1969). Heritability and the coefficient of genetic prediction were
determined on a family basis. Family heritability was calculated as (van
Buijtenen 1976):
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parents that occurred in more than one test (SAS Institute 1989).

RESULTS AND DISCUSSION

The DIALL analysis for each test indicated significant effects for GCA
(p >.05) for all of the age classes but no significant SCA for any of the
classes (Table 1). The lack of significance of SCA for the first five year
core segments supported the conclusion of Talbert et al. (1982) that non-
additive variation was unimportant in the inheritance of juvenile wood
specific gravity for loblolly pine. The same pattern of genetic variation (no
significant SCA) was evident in this study for both the whole core (20 years)
and older age segment (6-20 years). This study supports the conclusion that
wood specific gravity is mainly influenced by additive genetic effects.

'All variance components were multiplied by 1000.

2All estimates of GCA were significant at the 5 percent level of confidence.
None of the SCA estimates were significant at the 25 percent level of
confidence.
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Family heritability estimates for the first five year core segments
averaged 0.58 and ranged from 0.38 to 0.75 among the four tests (Table 1).
These estimates were smaller than the estimate of 0.84 reported by Talbert et
al (1982) for juvenile wood. Because unextracted specific gravity was
determined on older trees in this study, differential resin deposits may have
contributed to reducing the heritability estimates. Heritability estimates
ranging from 0.55 to 0.76 for extracted specific gravity at age three were
reported by Williams and Megraw (1994). Again, their estimates tend to be
slightly larger than those obtained in this study; however, their estimates
were based on extracted samples.

Average heritability estimates for the 6 to 20 year segment and the
total core increased to 0.73 (range 0.62 to 0.79) and 0.73 (range 0.66 to
0.81) among the four tests, respectively. These heritability estimates are
biased upwards because they are based on single genetic tests, and the
genotype by environment interaction cannot be determined. This bias should
not be a major factor because genotype by environment interactions are
reported to be negligible for wood specific gravity in loblolly pine (Byram
and Lowe 1988, Jett et al. 1991, and Williams and Megraw 1994). These herita-
bilities indicate that loblolly pine wood specific gravity is under strong
genetic control and can easily be manipulated in a breeding program.

The CGP values between the first five year and the 6 to 20 year core
segments ranged from 0.44 to 0.52 among the four tests and average 0.50 (Table
2). These estimates indicated that approximately 68 percent of the gain made
by direct selection for wood specific gravity on the 6 to 20 year core segment
could be made by selecting for specific gravity in the five year core. The
effect of a common environment could have biased these estimates. Average
values for the CGP's increased to 0.60 and 0.70 when the specific gravity for
the first five year core segment and the 6 to 20 year core segment were
compared to the total core specific gravity. Repeated measurements on a
sample collected from a single tree contain biases because of a common
environment and an autocorrelation effect. The GCP values for both age
segments with the total core specific gravity are inflated because of these
biases.

Although represented by different crosses, seven parents were in common
between tests 102 and 103. Correlation coefficients among specific gravity
GCA estimates for parents in both tests were significant for all age classes
(Table 3). This is important because the GCA estimates for wood specific
gravity for the common parents were based on a different set of crosses in
each genetic test. Furthermore, These correlations are free from both the
biases of autocorrelation and a common environment because the cores were
collected from different genetic tests.
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The large positive correlations among parents across genetic tests
indicate that the bias due to a common environment should not be a major
factor inflating the CGP values. Both the CGP values and correlations
indicate that selection based on juvenile wood specific gravity would be
effective in changing mature wood specific gravity in loblolly pine. The
results of this study support the conclusions of Williams and Megraw (1994)
describing the efficiency of early selection for wood specific gravity. The
large positive correlations among GCA estimates for parents in different
genetic tests support the reported lack of any meaningful genotype by
environment interaction (Byram and Lowe 1988, Jett et al. 1991).

SUMMARY

Four control-pollinated loblolly pine genetic tests greater than 20
years in age were sampled to determine the inheritance pattern of wood
specific gravity and explore age-age correlations. Eleven mm diameter
increment cores were collected bark to bark at DBH (1.4 m) on the sample
trees. Unextracted wood specific gravity was determined on the first five
rings from the pith, rings 6 to 20, and the total core. The results of the
study were as follows:

1. Loblolly pine wood specific gravity was mainly controlled by
additive genetic effects. Average family heritability across the
four genetic tests was 0.58 for the first five year core segments
and 0.73 for both age segments 6 to 20 and the total core specific
gravity.

2. Specific combining ability was not important in the inheri-
tance of wood specific gravity for any age class.

3. Early selection would be an efficient procedure to improve mature
wood specific gravity in loblolly pine. According to this study,
selection on juvenile specific gravity (five years from the pith) would
be 68 percent as efficient as direct selection in improving specific
gravity at age 6 to 20 years.
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