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INTRODUCTION

The levels of the additive and non-additive genetic variance in traits important for tree breeding
programs have a great impact on the determination of the breeding strategies (Stonecypher and
McCullough 1986). Also, it is very important for designing efficient deployment strategies. A
few studies have reported considerable variation among clones within families for growth traits,
fusiform rust resistance and root collar diameter in loblolly pine (Foster 1988, McRae et al. 1987,
Paul et al. 1997). However, to our knowledge, comparison of genetic variances estimated from
seedlings and clones of the same families has not been covered in the literature that could give
further insight into the genetic basis of economically important traits. The objectives of this
study were: (i) to partition genetic variance into additive, dominant and epistatic components and
examine the time trends and differences among traits and (ii) to compare variance components
and genetic variances from cuttings and seedlings of the same families.

MATERIALSAND METHODS

A factorial mating design consisting of three unrelated individuals as females and three others as
males was implemented to produce nine full-sib families of loblolly pine. Rooted cuttings
propagated from hedges and seedlings were used to establish one study in Monroe County,
Alabama, in spring of 1990 and the second study site in Nassau Co., Florida, in spring of 1991
(Frampton et al. 2000). A split plot design with six replications (blocks) was installed at two
locations. Each block was split into two main plots, one for seedlings and one for rooted cuttings.
Each full-sib family was represented by three seedling subplots and 5 to 9 rooted cutting subplots
per main plot. There were two trees in subplots. Additive and non-additive genetic variances
were estimated for height, volume and fusiform rust incidence using the model suggested by
Foster and Shaw (1988).

RESULTSAND DISCUSSIONS

Seedlings and rooted cuttings did not differ significantly for height and volume at both sites at al
ages, except at age one for height (Frampton et al. 2000). However, seedlings of the same full-sib
families had a significantly greater fusiform rust incidence than the rooted cuttings in both the
Florida (22.3 versus 15.6%) and Alabama (51.0 versus 46.0%) sites at age Six.

Variance components estimated from rooted cuttings were always greater than the
estimates from seedlings for growth traits. The clone component made up 1.1% and 6.9% of the
total variance for height and volume, respectively. A very high percentage (48.6%) of the total
variance for rust incidence was due to variation among clones. Anderson et al. (1999) reported a
significant clonal variance for rooting percentage. In another study on loblolly pine, the clonal
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effect was also significant for height, diameter and volume, and accounted for 14 to 23 % of the
total variation (McRae et a. 1993). Clonal variance may be utilized in loblolly pine tree breeding
strategies for the reduction of rust incidence. Within plot variance for rooted cuttings and
seedlings were 8.8 and 12.1% for height, 40.2 and 50.2% for volume, respectively, implying that,
clonally replicated progeny tests would substantially increase the efficiency of testing by
reducing the micro-environmental variance.

Almost al the genetic variance for height was due to the additive genetic effectsin early
ages with a dlight increase of non-additive variance at age six (Figure 1). Variances due to
additive effects estimated from rooted cuttings were always greater than the estimates from
seedlings for growth traits and the coefficients ranged from 4.0 to 26.1. The coefficient of
additive variance (CV ) of cuttings for volume at age six was two times that of the seedlings.
The difference between two material types for additive genetic variance implies the efficiency of
clonal testing in estimation of genetic parameters (Libby and Jund 1962). The CV 4 for fusiform
rust incidence was high and ranged from 53.6 to 66.6. Dominance genetic variance (CVp)
estimated from seedlings was greater than the estimate from rooted cuttings for al thetraits. This
could be due to confounding effect of epistatic variance within dominance variance, which was
not separated for the seedling data. The coefficients of variation for epistatic variance (CV,) were
negative for al growth traits at all ages. In contrast, the CV, for the rust incidence was much
greater; the coefficients of variation were 58.9 at age four and 44.5 at age six. The results
indicated that epistatic genetic interactions have a strong control on fusiform rust incidence for
loblolly pine, together with additive gene effects.
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Figure 1. Coefficients of additive (A), dominance (D) and epistatic (I) genetic variances
estimated from cuttings (c) and seedlings (s) for volume (left figure) and fusiform rust incidence
(right figure) at age six.

Additive genetic variance (CV,a) decreased with age for height (Figure 2). However,
dominance genetic variance increased for both seedlings and rooted cuttings. Volume had similar
pattern as height, i.e. zero dominance variance at age four and an increase at age six. Our results
were not paralel with Franklin (1979), Foster (1986) and Paul et al. (1997) who reported an
increase in additive genetic variance by age in loblolly pine. The discrepancy between studies
could originate from measurement units, scale effect and sampling. In contrast to additive
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genetic variance, dominance genetic variances increased both for seedlings and rooted cuttings.
Epistatic variance was not detected for any growth traits.
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Figure 2. Time trends for additive (A_) and dominance (D_) genetic variances estimated from
cuttings (c) and seedlings (s) for height at age six in loblolly pine.

Foster (1990) and Anderson et al. (1999) reported a dominance/additive variance ratio of
less than 1.0 for shoot production and rooting ability and epistatic variances were zero in loblolly
pine. McKeand et al. (1986) reported that nonadditive genetic variance ratio ranged from 0.0 to
0.25 for height at age one through five in loblolly pine. In the same study, the ratio was 0.0 for
diameter at breast height at age five. Byram and Lowe (1986) concluded that additive genetic
variance was the major source of genetic variance in loblolly pine for growth traits from ages 5
to 20. In a more recent study by Paul et al. (1997), inconsistent ratios of additive to nonadditive
genetic variances were reported for height from two factorialsin loblolly pine. In the same study,
dominance genetic variance for diameter and volume was about equal or even exceeded the
additive genetic variance at age five.

A tree improvement strategy based on clonaly replicated trials might substantially
increase genetic gain both in growth and especially in fusiform rust incidence. Clonally
replicated tests should be considered more efficient than seedling based family tests to select for
the fusiform rust resistance. Potential effects of the small parental sample size and violations of
the assumptions of the genetic model should be considered when these results are interpreted.
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