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Summary

In tree breeding research begun in 1953, three stages of
selection--initial, family, and within-family--were perfor-
med in slash (Pinus elliottii ENGeLM, var. elliottii) and long-

Silvae Genetica 35, 4 (1986)

leaf (P. palustris MiLL.) pines. Several traits were used in the
selection, but no selection index was constructed. Results
from three studies, two on slash and one on longleaf pines,
were assessed at progeny age 21 or 22 years. Initial selec-
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tion produced moderate gains in height and resistance to
fusiform rust caused by Cronartium quercuum f. sp. fusi-
forme, but some losses in diameter. Selection among fami-
lies, primarily for rust resistance, produced large gains in
that trait but low or negative gains in height, diameter, and
volume per tree. Selection within selected families pro-
duced gains in height and diameter: yielding from 6 to 11
percent gain in volume per tree. Total gains in rust resist-
ance were 144 to 198 percent for slash pine and 65 percent
for longleaf pine. For both species, the greatest need re-
vealed in this research was for improved resistance to
fusiform rust. Also, selection among families for one criti-
cally important trait such as rust resistance needs to be
followed by within-family selection for gains in other im-
portant traits that were not considered during among-
family selection.
Key words: Pinus elliottii var. elliottii, P. palustris, Cronartium
quercuum f. sp. fusiforme, heritability, genetic gain,
selection differential.

Zusammenfassung

In der Forstpflanzenziichtung, die 1953 begann, wurden
3 Stadien der Selektion — initiale, Familienselektion und
die Selektion innerhalb Familien — bei Pinus elliottii En-
GELM. var. elliottii und Pinus palustris ML, durchgefiihrt.
Mehrere Merkmale wurden bei der Selektion verwendet,
jedoch wurde kein Selektionsindex konstruiert. Die Er-
gebnisse vonr 3 Untersuchungen, 2 von Pinus elliottii und
eine von P. palustris, wurden im Alter von 21 oder 22 Jah-
ren ermittelt. Die initiale Selektion brachte mittleren Ge-
winn im Hohenwachstum und in der Resistenz gegen den
Rostpilz Cronartium quercuum f. sp. fusiforme, aber einige
EinbuBlen im Durchmesserwachstum. Die Selektion von Fa-
milien vornehmlich auf Rostpilzresistenz, brachte groBen
Gewinn bei dem Merkmal, aber geringen oder negativen Ge-
winn im Hohen-, Durchmesser- und Volumenzuwachs pro
Baum. Die Selektion innerhalb selektierter Familien brach-
te Gewinne im Hohen- und Durchmesserwachstum, die von
6—11% mehr Volumenzuwachs ergaben. Der Gesamtgewinn
betrug fiir die Rostpilzresistenz 144 bis 198% bei Pinus el-
liottii und 65% bei P. palustris. In dieser Untersuchung
zeigte sich fiir beide Baumarten. daB die Notwendigkeit
der Verbesserung der Rostpilzresistenz das wichtigste war.
Dariiber hinaus ist es notig, daBl sich an die Selektion von
Familien fiir ein unbedingt wichtiges Merkmal, wie die
Rostpilzresistenz, eine Selektion innerhalb der Familien
bei anderen wichtigen Merkmalen anschlieBen sollte, die
nicht wihrend der Selektion von Familien beriicksichtigt
wurden.

Introduction

Breeding programs for forest trees commonly include
first-cycle selection at three stages: among individuals
within base populations, among families in progeny test
plantations, and among individuals within selected fami-
lies. There is considerable interest in what happens in each
stage and how best to allocate resources among them in
practical programs (CorteriLL and James 1981; NAMKOONG et
al. 1966). Gain expectations for various approaches and
stages of selection have been presented by Namkoonc et al.
(1966).

Research on selecting and progeny testing the southern
pines in central Georgia was begun by the Southeastern
Forest Experiment Station, USDA Forest Service in 1953.
Several progeny test plantations established then are now
near pulpwood rotation age and provide data for estimating
gains from three stages of first-cycle selection in slash pine
(Pinus elliottii ENceLM. var, elliottii) and longleaf pine (P.
palustris MiLL.).
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Materials and Methods

The original trees for this research were selected in 14-
to 18-year-old commercial plantations of slash pine and 25-
to 30-year-old natural stands of longleaf pine. The slash
pine plantations were of unknown provenance. All the
stands were in central Georgia.

Test families from the selected trees included both wind-
and control-pollinated progenies. Results reported are from
two slash pine tests and one longleaf pine test. One of the
slash pine tests (test 38, planted in 1956) contained wind-
pollinated progenies from 27 trees. The second slash pine
test (test 50, planted in 1959) contained wind-pollinated
progenies from 7 trees plus 11 full-sib progenies from single
crosses among 17 trees. Progeny test 49, the longleaf pine
test which also was planted in 1959, contained wind-polli-
nated progenies from 7 trees and 6 full-sib progenies from
single crosses among 8 trees. Standard check lots from un-
selected trees were included in each progeny test.

Selection was performed among individuals in the origi-
nal stands, among families in the progeny tests. and among
trees within selected families. The initial selection was on
several form and vigor traits. Selection among families was
primarily for resistance to southern fusiform rust (Cronar-
tium quercuum (Berk.) MivaBe Ex SHiral f. sp. fusiforme).
Selection among trees within selected families was on size
and form traits with the requirement that any tree selec-
ted be free of rust infection.

2
The standard genetic gain formula is G = icph where:

G = genetic gain

i = selection intensity

Op = phenotypic standard deviation
2

h = heritability.

Each parameter in the formula is estimated for each stage
of selection.

If the proportion of the population selected is known, se-
lection intensity is readily available from tables. An alter-
native method is to use i = s —- oy, Where s equals the se-
lection differential or the selected population mean minus
the unselected population mean. Since s = ioy, s can be
used directly in the gain formula (Namkoone 1979, p. 79).
The formula then becomes G = sh?, which was used in this
study because the selection intensity was unknown in some
instances.

Gains were estimated for each stage of selection. For
gains from initial selection, check means were assumed to
reflect the mean performance of the original, unselected
populations. The actual gains for that stage were calculated
as the mean of all the families in each progeny test minus
the check mean for that progeny test. Gains for the other
two stages were calculated with selection differentials and
heritabilities. For family selection, s equals the mean of
selected families minus the mean of all the families. For
within-family selection. s equals the mean of the selected
trees minus the mean of the selected families. Heritabilities
were ‘estimated from analysis of variance data as follows:

Half-sib families

e ol 1O ol

2 _ : 2. 42 2
hw = 3f‘ (301’* ow * oe)



Full-sib families

2 2 . .42 2
= 02 : (o 0

he = 0p * (Op/r + 7))
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where:

hf = family heritability

h? = within-family heritability

=

=z variance among families

(o TN
[

Q
N
"

within-family variance

= error variance

o =
"

r = number of replications

In the heritability equations, 6% = 1/4 6%, for half-sibs
and 1/2 625 + 1/4 o%p for full sibs (64 = the additive vari-
ance and o?, the dominance variance) (NamkoonG 1979. p.
78). For the two progeny tests with both half-sib and full-
sib progenies, heritabilities were estimated for each type
of progeny and the weighted mean of the two estimates
used as the heritability for the trait. Traits for which gains
were estimated were rust-free percentage, height, diame-
ter at breast height (d.b.h.), volume per tree, and volume
per hectare. Gains were estimated at age 22 years for
progeny test 38 and at age 21 years for progeny tests 49
and 50.

Results

In Table 1 the means for all the families, selected fami-
lies, trees selected within families, and checks are listed by
trait. These means were used to calculate the selection dif-
ferentials listed in Table 2. Analysis of variance data yied-
ed the heritability estimates in Table 3. Except that gains
from initial selection are the same as the selection differen-
tials, gains shown in Table 4 are the products of the ap-
propriate selection differentials and heritabilities.

Although worthwhile gains in rust-free percentage were
produced by initial selection, selection among families pro-
duced three to four times as much gain in the trait as did
initial selection (Table 4). Conversely, initial selection pro-
duced considerably greater gains in height than did family
selection because height was emphasized in initial selection
but was almost ignored in family selection when rust
resistance was the trait emphasized. Height was again
emphasized in selection within families and in all instances
greater genetic gains in height were realized than in fami-
ly selection. Similar results are seen in d.b.h. and volume
per tree, although some losses occurred in these two traits
for the first two stages. Gains in volume per hectare were
fairly evenly distributed among the three selection stages
for slash pine but occurred mostly in the initial stage for
longleaf pine.

Genetic gain comparisons among traits can be made in
Table 5, where gains are shown as percentage of the base.
Total relative gains were rather moderate for tree-size
traits. Total gain in rust resistance was 65 percent of the

Table 1. — Data means for three progeny tests.

>rogeny test Data b;lsg‘

number group e
Rust-free
Percent
aab/
18 All families (27) 0.3
Selected families (7) 65.9
Selected trees (7) 100.0
Check 20.5
s0°/ All families (18) 21.9
Selected families (4) 51.5
Selected trees (14) 100.0
heck 12.6
d/ .
49 All families (1) 25.9
Selected families (4) 42.5
Selected trees (14) 100.0
6

Check 22.

,a,/ Numbers of families or trees.
b/ Slash pine, age 22 years.

¢/ Slash pine, age 21 years.
d/ Longleaf pine, age 21 years.

Trait
Height D.b.h. Vol./tree Vol./ha
3 3
L) cm m n
18.4 26.7 0.375 124.1
19.1 25.9 . 359 202.1
20,9 31.2 . 606 -—
17.6 26.9 .362 %1.9
17.8 22.3 L2467 126.1
18.0 21.9 L2641 154.0
20.0 25.7 . 386 -
17.4 21.6 .231 93.2
17.7 23.3 .281 134.4
18.0 23.7 .298 137.0
19.4 26.2 . 384 ———
17.3 24.6 .298 100.7

Table 2. — Selection differentials at three stages of selection in three progeny tests.

Selection
stage

Progeny test
nurber

Rust-free
Percent
388/ lnitialfj; 9.8
Family & o 35.6
Within-family - 34.1
502/ zniualgf 9.3
Family -~ e/ 29.6
Within-family " 48.5
Ly tnieiar €/ 3.3
Fami ly o 16.6
Within-family = 57.5

Tralt

Height D.b.h. Vol./tree Vol./ha
3 3

» cm m m
0.8 -0.2 0.013 32.2
0.7 -0.8 - .016 78.0
1.8 5.3 L247 -
0.4 0.7 .016 32.9
0.2 -0.4 - .006 27.9
2.0 3.8 . 145 --
0.4 -1.3 - .017 33.7
0.3 0.4 .017 2.6
1.4 2.5 .086 --

a/ slash pine.
b/ Longleaf pine.
‘c/ All families compared with checks.

‘d/ Selected families compared with all families.

e/ Selected trees compared with selected families.
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Table 3. — Family and individual tree heritabilities in three progeny tests.

Trait

Total

Progeny test Type of R
nurber Basis progeny Rust- free Hedght D.b.h. Vol/tree Vol/ha
1382/ Family Half-sibs 0.8, 0.91 0.55 0.45 0.89
Individual Half-sibs - .20 .19 .16 -
502/ Family Half-sibs .88 [ .61 .43 .78
Full 5ibs .94 .86 .66 .79 .82
Mear .92 .52 .64 .65 .81
Individual Nalf-sibs -—- 0o .16 .15 -
Full gibs -—- .33 .07 L4 -
Mean® - .20 10 LS4 -—
b/
49° Fami ly Half-sibs .80 .44 .83 .90 .09
Full gibs .76 .76 .59 .72 .83
Me an .78 .58 .72 .82 .43
Individual Half-sibs - .30 .27 .33 ---
Full gibs —-- .22 .02 .08 -
Mean® - .26 .15 .21 -
al/ Slash pine.
b/ Longleaf pine.
¢/ wWeighted mean of half-sib and full-sib progenies.
d/ Not individual-tree traits.
Table 4. — Estimated genetic gains from three stages of selection in three progeny tests.
Progeny test Selection e e Trait
number tag T
stage Rust-free Height D.b.h Vol./tree Vol./ha
Percent m cm m’ m3
1%/ tnitial 9.80 0.80 -0.20 0.0130 32.20
Family 29.19 13 - .44 - .0072 69.42
Within family - .36 1.01 .0395 22,29/
Total 38.99 1.29 .37 L0453 123.85
al
50 Inittal 9.30 40 .70 .0160 32.90
Family 27.23 .10 - .26 ~.0039 22.60 ,
Within family — .40 .38 L0203 12.97%
Total .53 .90 .82 L0324 68.47
b/ .
497 Initial 3.30 .40 -1.% - .0170 33.70
Family 12.95 .17 .29 L0139 1.12
Within family -— .36 Y .0181 8.32%/
16.25 .93 - 64 L0150 W34

EI Slash pine.
b/ Longleaf pine.

¢/ Assuming the same relative response in volume/ha as in volume/tree.

base for longleaf pine and 144 to 198 percent of the base for
slash pine. Volume per hectare was another trait with high
relative gains.

Discussion

There were some differences between heritability esti-
mates from half-sib and full-sib progenies but the diffe-
rences were not consistent. There are 16 pairs of heritabili-
ties in Table 3 for comparison. Heritabilities are about the
same in five pairs, those from full sibs are the greatest in
five pairs, and those from half-sibs are the greatest in six
pairs. Apparently. sampling variation is a greater source
of difference between the two kinds of heritability esti-
mates than is dominance variance.

In the initial stage of selection. strong selection pressure
was not applied on any single trait. Generally, choices were
based on a combination of size and form traits, although no
selection index was constructed. Consequently, gains in
height and d.b.h. in the initial selection probably were not
as great as they could have been had these two traits been
the only ones involved.

The total gains in rust-free percentage do not include an
increment from within-family selection (Table 4). Since
only rust-free trees were selected at this stage, selection
differentials were high (Table 2). Since there is no way to
estimate heritability of rust-free percentage on an indi-
vidual basis, no gains for that trait at that stage are shown.
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There should have been some gains, though, probably at
least as great as gains from initial selection.

Similarly, direct estimates of gains in volume per hec-
tare from within-family selection were not possible, but it -
seems reasonable to assume that volume per hectare would
have about the same relative response to within-family
selection as did volume per tree (Table 5). Under that as-
sumption, the third stage of selection produced genetic
gains of 81to 22 m?3 per hectare (Table 4).

Percentages of infection by fusiform rust were about the
same in longleaf pine as in slash pine (Table 1). Total gain
in rust-free percentage for longleaf, however, was less than
half the gain for slash pine (Table 4). That is because the
the selection differentials for the first two stages were con-
siderably lower for longleaf than for slash pine (Table 2),
which probably means less variation in the trait in long-
leaf pine.

The level of fusiform rust infection on longleaf pine may
be surprizing, since the disease generally is not a serious
problem on the species if rust inoculum levels increase over
study site, however, and should longleaf pine be planted
extensively, fusiform rust could become a more general
problem on the species. It was a serious problem on this
time as it has in slash pine plantations.

Selection among families on the rust-resistance trait
produced substantial gains in volume per hectare for slash
pine despite losses in d.b.h. and volume per tree for that



Table 5. — Estimated genetic gains from three stages of selection in three progeny tests,

expressed as percentage of the base. ¢
Progeny test Selection e L ”_W‘_:‘rf:’j_{_di ——
number stage Rus t- F ree Height D.b.h. Vol./tree Vol./ha
Percent

8%/ Initia ;/ 47.80 454 -0.74 3.59 35.04
Fami ly , 96. 34 71 -1.65 - 1,92 5594

Within familv® - 1.88 3.90 11.00 11.00°

Total 16414 7.13 1,51 12,67 101.98

s0?/ Initia ;/ 73.81 2,90 3.2 6.93 35.30
Family \/ 124. 3% .56 -1.16 -1.58 17.92,

Within family® e 2.22 1.73 8.42 _8.42

Total 198.°15 5.08 3.81 13.77 61.64

ao® Initia(ll;/ 14. 60 2.3 -5.28 -5.70 33.47
Fami ly / 50.00 .96 1.24 4.95 0.83.,

Within family® - 2.00 1.56 6.07 6.07

5.27 -2.48 5. 32 40.737

Total 64. 60

a/ Slash pine.
b/ Longleaf pine.
¢/ All families compared with checks.

d/ Selected families compared with all families.
e/ Selected trees compared with selected families.
ﬂ Assuming the same relative response in volume/ha as in volume/tree.

stage (Table 4). The more rust-resistant, selected families
had better survival than the nonselected families. Family
selection in longleaf pine, however. produced little gain in
volume per hectare although it did produce some gain in
d.b.h. and volume per tree. Apparently survival was not
affected as much by rust infection in longleaf pine as in
slash pine.

Theoretically, a selection index combining traits and se-
lection stages, all with proper economic weights, should
produce more gain in total value than selecting on different
traits at different stages. In such an index, for application
in high-rust-hazard areas such as central Georgia, resist-
ance to fusiform rust would likely have a very high eco-
nomic weight relative to other traits. If so, the gain pro-
duced by the index probably would not be much greater
than that of the method used here. Selection applied to
these materials produced total gains in volume per hectare
of 40 to 120 percent, which is quite acceptable.

The greatest need revealed by this study is for genetic
improvement in resistance to fusiform rust in slash and
longleaf pines. It is futile to improve growth and form
traits only to have the trees die from fungal stem infections.
The severity of the problem became evident after.this study

was begun (Czasartor 1971; Powers et al. 1975; ScumipT et al.
1974).

Those who established this study, however, suscepted
that fusiform rust was an important factor and so selected
mostly rust-free trees. Three slash pine trees infected at
time of selection produced highly susceptible progenies:
as did many of the rust-free initial selections of both spe-
cies. Some form of progeny testing of all selections for
rust resistance is needed for these two species if their
progenies are to be planted in high-hazard fusiform rust
areas.
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Population Hybridization in Scotch pine (Pinus sylvestris L.)"):
I. Genetic Variance Components and Heterosis

By Y. S. Park and H. D. GerHoLD?)

(Received 5th September 1985)

Summary

Height and needle length of intra- and interpopulation
hybrid Scotch pine (Pinus sylvestris L). seedlings were
evaluated in three different nurseries in Pennsylvania.
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Nested population diallel analyses were used to estimate
components of variance among populations and individuals,
and provide information on the relative importance of the
two breeding units, the populations and individuals with-
in populations.

Genetic variability in height among individuals was larg-
er than that among populations. General combining ability
of individuals was the most important source of genetic
variance.

The variabilities in needle length of populations and in-
dividuals were approximately equal. The general combining
abilities of populations and individuals were of similar

159





