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In loblolly pine, Pinus taeda L., flow of oleoresin at penetration sites is considered to be
a major component of defense against attack by the southern pine beetle (SPB)
Dendroctonus frontalis Zimm. Trees with copious amounts of constitutive or preformed
oleoresin appear to be most able to prevent or impede colonization by this destructive
insect pest of southern pines.
Prior research has revealed that flow of constitutive oleoresin, referred to hereafter as
resin flow, is influenced by both genetic and environmental factors (Lorio 1986, Lorio et
al. 1990, Nebeker et al. 1988, Nebeker et al. 1990). Little is known, however, about
levels of genetic variability for resin yielding capacity existing in populations of loblolly
pine, and genetic associations between resin flow and growth traits have not been
investigated. In view of questions regarding the feasibility of breeding for resistance to
attack by SPB and interest in the evolutionary biology of traits associated with insect
resistance in conifers, we studied components of genetic variation and covariation for
resin flow and growth traits in a population of this host species.
Data were collected for resin yield, total height and DBH on 10- and 11- year old trees in
progeny trials located near Pensacola, Florida. These tests were established in 1989 and
1990 as part of the loblolly pine breeding program being conducted by International
Paper Company in cooperation with the N. C. State University ― Industry Cooperative
Tree Improvement Program. Trees included in our investigation were from a subset of
the plots in these trials and constitute a progeny sample from 72 full-sib families. This
sample of families resulted from intercrossing 48 parents in a disconnected diallel mating
design composed of six-parent, balanced partial diallel units. In this design, each parent
tree was mated to three others. Field plot layout for the experiment followed a
replications-in-blocks experimental design. Data from 1131 trees were available for
analysis. Two resin flow measurements were taken. The first at a time in late summer
when latewood is normally produced (summer resin flow), and the second at a time in the
following spring during earlywood formation (spring resin flow). Resin yields were
determined from samples obtained from wounds made at breast height using a
modification of the sampling procedure described in Strom et al. (2000). Weight of the
resin collected during the 24 hours following wounding was used as a measure of resin
flow.
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Mean values for the growth variables indicate that trees in the experiment had good
growth. The 11-year old trees had a mean height of 12.6 m and mean DBH of 18.9 cm.
Corresponding values for the 10-year old trees were 12.1 m and 17.7 cm. Spring ( x =
1.88 g ) and summer ( x = 1.72 g ) resin flow did not differ greatly in the 11-year old
trees. A somewhat larger difference was found in the 10-year old cohort, which had a
mean of 1.92 g for spring resin flow as opposed to 1.28 g for summer resin flow.
Genetic components of variance made up a significant portion of the phenotypic variance
observed in both the resin flow and growth traits. Except for spring resin flow,
dominance variance was small and inconsequential compared to additive variance.
Dominance variance for spring flow was roughly half that of the additive component
indicating that differences in nonadditive genetic effects contributed substantially to
variation in this trait.
Estimates of individual tree heritabilities were moderately large for both the resin flow
and growth traits. Values obtained for the resin flow traits were h2 = 0.44 for spring flow
and h2 = 0.59 for summer flow. For the growth variables, estimates were h2 = 0.48 for
height, h2 = 0.49 for DBH and h2 = 0.53 for volume. While these values are consistent
with estimates for comparable growth traits in several loblolly pine experiments (Gwaze
et al. 1997, Hodge et al. 1999, Gwaze et al. 2001), they are higher than values reported
for most tests of similar age in southern United States (Bridgwater et al. 1983, Foster
1986, Balocchi et al. 1993, Xiang 2000, Gwaze et al. 2001). In contrast to results for
heritability, estimates for additive and dominance coefficients of variation for the resin
flow traits were greater than those for the growth traits. These findings suggest that the
resin flow traits exhibited higher genetic variance.
Additive genetic correlation estimates between the resin flow and growth traits were
positive and of moderate size. Values for trait pairs involving summer resin flow were rA
= 0.67 for height, rA = 0.58 for DBH and rA = 0.59 for volume. Similar but slightly lower
estimates were obtained for spring flow. Phenotypic correlation estimates for these
character combinations while positive, were somewhat smaller than those for the additive
genetic correlations.
In conclusion, our results demonstrate that substantial genetic variation exists for resin
flow in the loblolly population we studied. This suggests that directional selection to
improve resin flow should be successful. Moreover, since genetic correlations between
resin flow and tree growth traits appear to be positive and sizeable, it should be possible
in this population to concurrently improve both through breeding.
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