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Abstract

The value of early testing to breeding programmes is
described. Pre-rotation age selection is essential if cost-ef-

fective breeding is to be achieved and rate of genetic gain-

maximised. Judging the effectiveness of early family selec-
tion requires a knowledge of genetic correlations between
juvenile and adult traits, while gain prediction further re-
quires that the additive variance of the mature population
is known. The effectiveness of early testing is reviewed
and the concept of the coefficient of family variation (the
quotient of the square root of the family component of
variance and the trait mean) is introduced. Declining coef-
ficients of additive variance as evidenced in several studies
in the literature diminish the magnitude of genetic gains
by the time rotation age is reached.

Two investigations into juvenile-mature correlations and
trends in additive variance in Sitka spruce in Britain are
described. The first concerns a small 27 year-old progeny
test and the second a larger set of 15 year-old tests replicat-
ed on several sites. Both studies show high correlations be-
tween height as early as 3 years and later measures of
vigour, and it is concluded that retention of progeny tests
to 15 years gives little further advantage in terms of selec-
tion for vigour, over selection at 6, or even 3 years. The
second study shows a decline in additive variance with age,
although significant additive variance remains at 15 years.
There is no evidence of the decline occurring earlier at
faster growing sites as might be expected if the decline
were associated with the onset of inter- and intra-family
competition. Frequency of assessments and differences in
test design may have had an obscuring effect.

Key words: Juvenile-mature cerselations, genetic variances, Sitka
spruce, Picea sitchensis.

Zusammenfassung

Der Wert von Friihtests in Ziichtungsprogrammen wird
untersucht. Eine Selektion bereits vor dem Umtriebsalter
ist notwendig, wenn eine kosteneffektive Ziichtung ange-
strebt und der genetische Gewinn maximiert werden soll.
Die Beurteilung der Effektivitét einer Friihselektion von
Familien erfordert Kenntnisse der genetischen Korrelation
zwischen Merkmalen in der Jugend und im Alter, wihrend
fiir die Vorhersage des genetischen Gewinnes dariiber hin-
aus die additive Varianz der hiebsreifen Population be-
kannt sein mufl. Die Effektivitdt von Friihtests wird be-
sprochen und das Konzept des Koeffizienten der Familien-
variation (Quotient aus der Quadratwurzel der Familien-
varianzkomponente und dem Mittelwert des Merkmals)
wird eingefiihrt. Abnehmende additive Varianzkomponen-
ten, wie in verschiedenen Studien gezeigt wird, verringern
die GroBe der genetischen Gewinne bis das Rotationsalter
erreicht wird.

Zwei Untersuchungen iiber Jugend-Alter-Korrelationen
und Trends bei additiver Varianz bei Sitka in GroBbritan-
nien werden dargestellt. Die erste bezieht sich auf einen
kleinen 27 Jahre alten Provenienzversuch, die zweite auf
mehrere 15 Jahre alte Versuche, die auf verschiedenen
Standorten wiederholt sind. Beide Studien zeigen enge
Korrelationen zwischen der Héhe im Alter 3 und spéteren
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Messungen der Wuchsleistung, und es kann gefolgert wer-
den, dafl die Erhaltung von Nachkommenschaftspriifungen
bis zum Alter 15 geringe Vorteile hinsichtlich der Selektion
auf Lebensfihigkeit gegeniiber einer Selektion im Alter
von 6 Jahren oder sogar 3 Jahren bietet. Die zweite Studie
zeigt eine Abnahme der additiven Varianz mit dem Alter,
obwohl eine signifikante additive Varianz auch noch im
Alter 15 besteht. Es gibt keinen Nachweis, daB diese Ab-
nahme auf besseren Standorten eher auftritt, was erwartet
werden kénnte, wenn die Abnahme mit dem Einsetzen von
inter- und intrafamilidrer Konkurrenz in Verbindung ste-
hen wiirde. Jedoch kénnten die Haufigkeiten der Schéitzun-
gen sowie Unterschiede in der Versuchsanordnung einen
abschwichenden Einflull gehabt haben.

Introduction

One of the principal aims of the breeding programme for
Sitka spruce (Pitcea sitchensis (Bong.) CArr) in Britain is to
improve the productivity of the species in terms of volume
per hectare. Sitka spruce is the main species used in com-
mercial forestry, accounting for 32% of existing conifer
plantations and 54% of current planting (Cas, 1980, p 145).
The economic advantages of improved yield are easily
quantified and are substantial (GiL., 1982). Justification of
investment in tree improvement requires that the cost of an
improvement programme is more than met by the expected
returns. The most expensive element of most tree breeding
programmes, and Sitka spruce is no exception, is the es-
sential process of progeny testing. Any reduction in progeny
test costs can greatly increase the financial viability of the
breeding programme.

Sitka spruce in Britain reaches its maximum mean an-
nual increment at age 45—65 years depending on site qua-
lity (Forestry Commission, 1981). Commercial rotations are
of similar length except where foreshortened by risk of
premature wind-blow. Progeny tests designed to allow
family comparisons of rotation-age volume production
would be prohibitively expensive in terms of the plot size
required, the delay in realising gain and the length of the
generation cycle. To maximise the rate of genetic gain, the
breeder must utilize progeny test results as soon as family
performance can be reasonably predicted. The optimum
time of assessment occurs when the additional gain, achiev-
ed by more accurate later selection, equals the additional
costs of retaining the progeny tests.

Selection at an age earlier than rotation age, with the aim
of improving rotation age yields, is effectively indirect se-
lection on a juvenile trait with reliance on a correlated
response in a mature trait (Nanson, 1969). When heritability
is defined (h?) as the ratio of utilisable genetic variation to
phentotypic variation, correlated gain in the mature trait
after selection on the juvenile trait is given by:

CGy = 15 hy hy rg opy

where:
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CG = correlated gain
selection intensity
square root of heritability
r; = genetic correlation between juvenile and
mature traits calculated as the family com-
ponent of covariance of the 2 traits divided
by the square root of the product of the re-
spective family components of variance.
op = square root of the phenotypic variance
and where subscripts J and M refer to parameters measured
on the juvenile and mature traits respectively.

In the case of half-sib progeny tests, family heritability
(h?) is given by 4 6%j/6% (WriGHT, 1976, NaMkoONG, 1979)
where 0?4 = additive genetic variance. Thus the formula
for correlated gain may be expressed as:

= i 2
CGM = lJ hJ %O'-Aﬂ rc OPM

02 PM

= iJ hJ %GAM rc

Allowing for the different definition of heritability, these
formulae are equivalent to those of Farconer (1960). Thus
there are two parameters which cannot be measured on the
juvenile trait but require to be known before correlated
gain at maturity can be calculated:

a. the additive variance of the mature population and

b. the genetic correlation between the juvenile and ma-

ture traits.

Tree breeders generally are not well placed to obtain
estimates of these parameters. Most progeny tests are rela-
tively ycung and usually have plot cizes too small to permit
mezasurement of volume yield when rotaticn age is reached.
CANNELL (1982) points out that plot sizes must be sufficient
to avoid inter-genotypic competition, otherwice high juv-
‘enile-mature correlations may indicate only a correlation
batween ’isclation’ and ’competition’ ideotypes and not ne-
cessarily a correlation between juvenile traits and the
desired ’crop’ ideotypes. Provenance trials are often older
with larger plot sizes but there is no reason to expect that
high juvenile-mature correlations for provenances will also
apply to families. Namxoonc et al. (1972) with Dcuglas fir
(Pseudotsuga menziesii (Mirr) Franco) and Namkoone and
ConkLE (1976) with Ponderosa pine (Pinus ponderosa Laws)
found that although population differences were established
at an early age and maintained, family differences were
not predictable.

Juvenile-Mature Correlations

Several published studies estimate juvenile-mature cor-
relations, scme as phenotypic correlations of family means
and rather fewer as genetic correlations. SquiLLace and
GanseL (1974), with Slash pine (Pinus elliottii ENGELM.)
families in single-plant plots, found family-mean correla-
tions between height at age 25 and height at age 3, 8, 14
and 18 of 0, 0.80, 0.96 and 0.98 respectively for open-polli-
nated families and generaily lower for full-sib families.
They concluded that maximum gain per year could be
achieved by selecting at about age 10 for a rotation age of
25 years. WakeLey (1971), with Slash, Loblolly (Pinus teeda
L.), Longieaf (P. palustris ML) and Shortleaf (P. echinata
MiiL) pines found good correlations for height and dia-
meter between ages 20 and 30 but poor correlations with
ages earlier than 15 years. His correlations were based on
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individual phenotypes thus including all non-additive and
environmental variances.

GierrycH (1974) found poor correlations of family means
for height at age 16 and diameter at age 59 with Scots pine
(Pinus sylvestris L.) Yinc and MoRGENSTERN (1979) found
genetic correlations of 0.60—0.92 between height at ages 8
and 11 and height at age 22, for open-pollinated White
spruce (Picea glauca (MoencH) Voss) families with plot sizes
of 49—50 plants. VAN Haverueke (1983) found very high and
consistent genetic correlations (0.94) between height as
early as 3 years and height at 17 years for a mixture of
origins and families of Pinus flexilis James and P. strobi-
formis Encerm. The correlations are however exaggerated
by the effect of species and origin and correlations between
families within origins are likely to be lower. NamMkoonG
and ConkLe (1976) obtained genetic correlations between
neight at 29 years and height at 3, 5, 7, 8, 12, 20 and 25 years
of 0.05, 0.19, —0.4, 0.47, —0.60, 0.64 and 0.85 respectively for
open-pollinated Ponderosa pine families with 1 or 2 meas-
ureable trees per plot. Open-pollinated families of Douglas
fir (NamkoonG et al. 1972) yielded genetic correlations be-
tween height at 33 years of age and height at 5, 10, 12, 15,
18, 23 and 28 of —0.57, —0.74, —1.00, 0.24, 0.93, 0.97 and 0.96
respectively. Intergenotypic competition may have exag-
gerated the correlations as families were planted in row
plots.

In a review of juvenile-mature correlation studies, Lam-
BeTH (1980) concludes that 5—6 years is the optimum test-
period in terms of maximum gain per year for 20-year ro-
tations and 7—8 years for 50-year rotations. This is rather
earlier than the 10 years suggested as optimum for 25-year
rotations of slash pine (SouiLtace and Ganstr, 1974) and
Frankuin (1979) suggests that selection be delayed until the
middle of the mature genotypic phase which is typically
about half the economic rotation age.

Time trends in additive variance

Fewer studies have examined time trends in additive
variance. Relative additive variance in half-sib progeny
tests can be expressed as the coefficient of family variation,
calculated as the square-root of the family component of
variance divided by the mean. Frankuin (1979) shows trends
in additive variance for a number of studies but the data
presented are in absoiute rather than relative terms. Nam-
KooNG et al. (1972) showed that small height differences
between half-sib families of Douglas fir disappeared after
40 years indicating declining relative additive variance.
Namkoonc and Conkii (1976) (Table 1) found a marked de-
crease in additive variance between ages 5 and 7 fcr height
of half-sib families of Ponderosa pine. Additive variance
increased slightly in relative magnitude after age 20, but
at 29 years had not regained earlier levels.

Half-sib families of White spruce (Table 2) generally
show a decline in relative additive variance between height
at 8 or 11 years and height at 22 years. Diameter variance
is usually smaller than height variance at 22 years.

Further evidence of de7.ining additive variance with in-
creasing inter-tree competition is given by Canneir (1982)
where open-pollinated families of Sitka spruce at wide
spacing continued to show significant family differences at
age 4, whereas the same families at very close spacing, and
therefore under intense inter-tree competition, failed to
show significant variation.

Declining additive variance must be a source of major
concern to tree breeders. If stands at rotation age show no
additive variance then there is no prospect of obtaining



Table 1. — Coetficient of family variation (%) for heigut of ha'f-sib families of
Pondernsa pine. Data from Namkoonc and ConkLe (1976).

Age (years) 3 5
Coeff family variation 9.4 8.6

12
2.7

20
3.4

7 8
4.8 3.6

Table 2. — Coefficient of family variation (*) for height and dia-
meter of half-sib families of White spruce. Data from Yine and
MORGENSTERN (1979).

Study Age (years)
8/11 22 22
height height diameter
91A 4.9 6.0 3.5
91B 9.0 1.4 0
92A 7.6 5.6 4.6
928 10.6 6.4 6.6

genetic gain by traditional methods of breeding. Significant
additive variance in juvenile stages means that selection of
families for rapid establishment and early growth on spe-
cific microsites is likely to be successful (Namkoonc and
ConkLE, 1976) but unless there is genetic variance present
at rotation age, the aim of improved volume production
cannot be achieved.

The following reports on two investigations into juvenile-
mature correlations and trends in additive variance in
Sitka spruce, first in a small 27-year-old progeny test and
secondly in a larger set of 15-year-old tests replicated on
several sites.

Study 1
Materials and Methods

In 1953, a progeny test of 11 half-sib families derived
from open-pollinated Sitka spruce plus trees was planted
at Kilmichael Forest, Strathclyde Region, Scotland.

The plus trees, although of unknown origin, can be con-

sidered as representative of the population of plus trees
growing and selected in British forests. The original ex-
periment design had 5 complete randomised blocks and 10
X 10 = 100 plant plots. Plant spacing was 1.7 m X 1.7 m,
and an unplanted row was left between all plots. At 26
years, parts of the experiment had grown very poorly, ex-
hibiting slow and stunted growth caused primarily by poor
soil drainage. One block showed satisfactory and regular
growth and some plots in a further two blocks also show-
ed satifactory, regular growth. As these blocks were ad-
jacent and on a similar site type they were combined to
form a second replication of 9 of the 11 families.

Height had been assessed at 1, 3 and 6 years, and breast
height diameter was assessed at 26 years. An analysis of
residual diameters (actual diameter less mean plot effect)
of trees at different positions in the plot indicated that the
outer row of the plot contributed significantly to within-

plot variance, and further analysis of this and subsequent
assessments was, therefore, confined to the inner 8 X 8
plants.

At age 27, random samples of 25 trees per plot (exclud-
ing the outer rows) were measured for breast height dia-
meter, felled, and measured for total height. Measurements
were also taken to allow stem volumes to be calculated
according to Procedure 1 in Forestry Commission (1975)
Booklet No 39. Analysis of variance and expected mean
squares are given in Table 3.

Table 3. — Analysis of variance model used.
where n is the harmonic mean number of plants per plot.

Source of variance df Expected mean square
Blocks 1 wtn o'sz + 9“°2b
Families 8 02" + n csz + 2n0%g
Blocks x families 8 2y +n gy
Within plots <:r2w

Results

Survival of most families was similar, being above 97%
at the 6th year, and 86—94% at the 26th year. The family
of plus tree 210 was exceptional with survival falling to
59% by the 26th year. The fact that this family’s low sur-
vival was similar in both blocks discounts the possibility
of catastrophic death due to plot position. The same family
has occurred in only one other progeny test, in north Wales,
where survival after 20 years was 50% compared to 69—
75% for other families in that test. The low survival had a
marked effect on mean tree volumes, but volume per plot
was similar to that for other families.

With the reduced experimental design, few traits show
significant differences between families (Table 4), and for
several traits family components of variance were zero or
negative, so that no coefficient of family variation could be
calculated. Due to the inability of the design to detect
family differences, few genetic correlations can be calcu-
lated. Phenotypic correlations of family means are, how-
ever, shown in T'able 5. The correlation coefficients show
very poor correlations between 1 year height and any 27
year trait.

Volume per plot is, however, very highly correlated with
height at both 3 and 6 years. When the family of plus tree
210 (having low survival and large mean-tree size) is ex-

Table 4. — Analysis of variance.

Trait Mean Range Significance Coefficient
of family of family
variance variance %

1 year height 20.4 cm 15.8-24.7 * 12.6
3 year height 50.9 cm 43.5-59.3 NS -
6 year height 1.70 n 1.44-2.01 NS b
26 year diameter 15.9 cm 14.5-19.4 bl 9.2
27 year diameter 15.9 cm 14.4-19.6 * 8.8
27 year basal area/tree 212 cn? 170-328 * 20.7
27 year basal area/plot 1.15 m? 0.95-1.36 NS -
27 year height 15.9 m 14.2-17.0 NS =
27 year volume/tree 0.169 m3  0.137-0.269 NS 19.8
27 year volume/plot 8.94 m3  6.86-10.14 NS -
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Table 5. — Phenotypic correlations of family means (bracketed figures exclude the
family of plus tree 210).

27 year 27 year 27 year 27 year

height diameter volume/tree volume/plot
1 year height -0.15 (0.08) -0.34 (0.18) -0.44 (0.17) 0.32 (0.39)
3 year height 0.39 (0.65) 0.15 (0.95)  ~0.08 (0.92)  0.84 (0.93)
6 year height 0.28 (0.42) 0.30 (0.93) 0.06 (0.86) 0.86 (0.89)

Table 6. —
where n is the harmonic mean number of plants per plot
b is the harmonic mean number of block per site
s is the number of sites
f is the number of families

Source daf Expected mean square
Families 45 02w + ncsz + nbo‘zfs + nbsozf
Sites 6 o2y + nolgp + mbotey + nbfo’g
Families x sites 270 o%y + no’gy + nboe,
Blocks within sites 27 a2w + nojgy, t n[o‘zb
Families x blocks 1215 o2 + no’gy

within site

cluded, 27 year volume per tree and 27 year mean diameter
both become highly correlated with 3 and 6 year height.
Height at 27 years is not well correlated with 3 or 6 year
height irrespective of whether the family of plus tree 210 is
excluded. In the absence of significant family variation,
these correlations must be considered largely environmen-
tal but they do show that plots tallest at 3 or 6 years will
give he greatest volume production at 27 years, and, if
survival is similar, the largest-diameter trees.

Study 2
Materials and Methods

In 1970, progeny tests of half-sib families derived from
open-pollinated Sitka spruce plus trees were established on
8 sites throughout Britain. These sites and experimental
designs are described by JounsTtoNe and SamueL (1978). One
site (Brendon) failed to make regular growth, and this in-
vestigation is confined to the 46 families which are fully
replicated on the 7 remaining sites. As in the first study,
‘the families are representative of the population of plus
tree families in Britain. All experiments were planted as
complete randomised blocks based on line-plots of 4 or 8
plants or square plots of 16 plants, thus some inter-geno-
typic competition is likely to have occurred by the 10th
year, at least on the more vigorous sites, and intensified by
the 15th year.

At all sites, height was assessed after planting (HTO00)
except at Aultmore, except at 3 years (HT03) Farigaig, ex-
cept at 6 years (HT06) and at 10 years (HT10). Diameter at
breast height was assessed at 10 (DM10) and 15 (DM15)
years. Analysis of variance and expected mean squares are

Table 8. — Genetic Correlations.
(Correlations with HT00 and HT03 are based on 6 sites, correlation
between HT00 and HTO03 is based on 5 sites).

HTO0O HTO3 HTO06 HT10 DM10
HTOO
HTO03  0.363
HT06  0.407 0.948
HT10  0.339 0.870 0.926
DM10  0.492 0.810 0.903 0.828
DM15  0.294 0.722 0.778 0.790 0.917

given in Table 6. Analyses of covariance have the same
coefficients and degrees of freedom as analysis of variance.

Results

Family differences were highly significant (P 0.001)
for all traits. Variance components were calculated from
expected mean-squares and are shown in Table 7. Variance
components were used to calculate the appropriate pheno-

typic variances for a half-sib progeny test:
2 _ L2 2 - -
0%, = Goy, + o’y (bs)h+ o ()7L +

Family heritabilities were then calculated. These, along
with trait means (X) are alsa.shown in Table 7. Genetic cor-
relations were calculated and are shown in Table 8.

Figure 1 shows the trend in the coefficient of family
variation. Similar declining trends in family variation oc-
curred at each individual site as shown in Table 9.

Correlated gains in all traits resultant on selection on
any particular trait were calculated using the formula:

ZC(’M = iJ hJ % oﬁmrc . —_— 2
where a selection intensity of 1:10 (equivalent to iy = 1.755,
Becker, 1984) is assumed for the purpose of this illustration.
Heritability, additive variance and trait mean are taken
from Table 7 and genetic correlations from Table 8. The
factor of 2 is introduced on the assumption that genetic
gain will be achieved by means of a random-mating multi-
clone orchard where both female and male parents have
been selected on the basis of progeny test results. Correlat-
ed gains are shown in Table 10.

Thus the maximum gain achievable in 6th year height is
20.6%, 8.9% of this being achievable by selection on height-

Table 7. — Variance components and half-sib family heritabilities.

Trait Unit Variance component Mean
1 -

(7P + P Py o mhPy o n2 x
HTO0O cm 8.30 1.99 6.50 7.18 0.91 28.9
HTO3 co 100.9 22.0 37.9 45.7 0.83 90.8
HTO06 cm 534.3 125.4 166.5 202.6 0.82 199.1
HT10 o 0.246 0.029 0.039 0.051 0.75 4.63
DM10 cm 0.918 0.071 0.102 0.144 0.71 6.99
DM15 cm 1.650 0.125 0.219 0.293 0.75 11.44
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Figure 1. — Trend in coefficient of family variation.

at-planting and 19.6% selecting an 3rd year height. Due to
declining additive variance, the maximum achievable gain
in 10th year height has fallen to 12.9%, but 11.8% or
12.5% of this can be achieved by selecting on 3rd or 6th
year height respectively. The table shows the high predic-
tive value of assessments at 3 and particularly 6 years.

Discussion

The first study shows high phenotypic correlations be-
tween heights at 3 or 6 years, and volume at 27 years in a
case where inter-family competition is absent. The second
study shows high genetic correlations between height as
early as 3 years and later heights and diameter; the cor-
relations possibly being exaggerated to an unknown ex-
tent by inter-family competition. Correlations are suffi-
ciently strong to suggest that retention of progeny tests to
15 years gives very little further advantage over selection
at 6, or even 3 years. Progeny tests for vigour can therefore
be designed for short duration. Savings in test costs may
well outweight the slight additional gains achievable by
retention to 15 years. Additional unpublished work indicates
that morphological traits at 15 years, particularly stem
straightness, can also be predicted from 6th year assess-
ments, although assessment at 3 years is unlikely to be
effective. Work is currently underway to investigate the age
at which wood quality characteristics can be efficiently
predicted, and present progeny test designs must continue
to allow for the possibility of a longer testing-phase being
required. Potential gains in wood quality will have to be
sufficient to offset any additional testing costs and this
aspect is also being investigated.

Table 10. — Correlated Genetic Gains (%).

Selection Correlated gain in

Trait

HTOO HTO3 HTO06 HT10 DM10 DM15
HTOO 29.6 8.2 8.9 4.8 7.5 4.0
HTO3 21.7 19.6 11.8 11.9 9.5
HTO06 20.6 12.5 13.2 10.1
HT10 12.9 11.6 9.9
DM10 13.6 11.1
DM15 12.4

While selection for vigour appears to be effective at early
ages, declining additive variance must be taken into ac-
count in making gain predictions. Selections estimated to
give a 20% gain in terms of 6th year height will yield only
a 12% gain in terms of 10th year height and 15th year dia-
meter. Hence the importance of quoting genetic gains not
only by reterence to a base population but also in terms
of a trait at a specified age. Although additive variance
has declined by 15 years, a 12% gain in height and dia-
meter is equivalent to a volume gain of 40% at this age,
so gains can still be substantial.

What happens beyond 15 years is not known. Long-term
experiments are required to investigate whether strong
genetic correlations continue, and whether additive vari-
ance continues to decline. Such experiments require to be
carefully designed with large plots to avoid the effects of
inter-family competition throughout the rotation. An ade-
quate range of families must be included to ensure that
significant additive variance is present and which is capable
of being detected by a suitable experiment design.

Reasons for the decline in additive variation to 15 years
can only be spectulative. High initial additive variance may
be due to maternal effects, such as seed weight, which di-
minish with time after planting. Further decline in addi-
tive variation occurs between 6 and 10 years and may be
associated with the onset of inter- and intra-family compe-
tition. Table 9, however, provides no evidence of the de-
cline occurring earlier on the faster growing sites. It may
be that assessments were insufficiently frequent to display
site-dependent trend differences. Differences in test design
between sites could also have a confounding effect. A later
series of tests (described by SamueL and Jonnstong, 1979)
may be better able to provide an explanation.

Conclusions

Both studies show high correlations between height as
early as 3 years and later measures of vigour, such that
progeny testing for vigour to 3 or 6 years may well be more
cost-effective than progeny testing to 15 years. Additive
variance declines with age, but significant additive variance
remains at 15 years. Further experimentation is required
to investigate correlations and trends in variance beyond
the age of 15 years.

Table 9. — Coefficient of family variation (%) and significance of family variance.
Site TG KE GA TY GD AU FG Mean
HTOO 9.2%%% 8.7%%% 10.0%** 8. 9%x% 10. 6% ** N/A 8. 5%k 8.8%*%
HTO3 8.7xk% 8.8%**% 6.8%*% 6.8%%% 8.1*kk* 7.5%%% N/A 6.8%*%
HTO6 7.8%%% 8.7%% 7.0%%x 6.2%%% 8.5%%*% 6.9%%% 9. 5%%% 6.5%%%
HT10 4.2N8 6.8%*x 4.5%k% 5.6%%% 4.8% 5.5%k% 4.0%% 4. 2%%%
pMio - NS 5. 7% 4, 7%%%  6,8%kx  5,8% 6.8%kx 4, 8% 4 GrRx
pM15  2.8%5  4.0% 4.9%xx 4 4xxx 3.8N5 g grkx 5 4% 4, 1Rnk

(N/A - not assessed; - = negative family component of variance; #*%* gignificant at
p = 0.001, ** p = 0.01, * p = 0.05, NS = not significant)
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Summary

The success and vigour of plants arising from self and
close matings of Eucalyptus gunnii are compared with wide
intraspecific crosses and a range of interspecific crosses. The
barriers to inbreeding in E. gunnii are strong, in many
cases stronger than the barriers to interspecific hybridiza-
tion. The success (number of plants obtained/flower pol-
linated) of self-pollination and close intraspecific crosses
was less than wide intraspecific crosses and most interspe-
cific crosses investigated, as was the height and survival aft-
er 1 year’s plantation growth. E. gunnii females demonstrate
wide crossability, with the success of most interspecific hy-
brid combinations tried with species from the section Mai-
denaria, not significantly different from that of wide intra-
specific crosses. The only major barrier to interspecific hy-
bridization found was with E. globulus. There was not a
strong association between crossability and the taxonomic/
genetic distance between parents, although after 1 year’s
plantation growth, F, hybrids from the only interseries cross
examined (E. gunnii X ovata) showed reduced vigour. The
implications of these results for the development of breed-
ing strategies as well as for gene flow and hybridization in
natural populations are discussed. Strong barriers to in-
breeding in Eucalyptus may result in a disparity between
pollen dispersal and gene flow in natural stands, with more
distant matings favoured.

Key words: Eucalyptus, breeding system, inbreeding depression,
self-incompatability, hybridization, crossability, gene
flow.
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Zusammenfassung

Erfolg und Wiichsigkeit von Pflanzen aus Selbstbestdu-
bung und Kreuzung naher Verwandten von Eucalyptus
gunnii werden mit intraspezifischen Kreuzungen weiter
entfernter Verwandter und mit Artkreuzungen verglichen.
Die Kreuzungsbarrieren gegen Inzucht sind bei Eucalyptus
gunnii grofB3, in vielen Fiallen groBer als Barrieren gegen
Artbastardierung. Der Erfolg (Anzahl entstandener Pflan-
zen pro bestiubter Bliite) war bei Selbstungen und bei
Kreuzungen naher Verwandter innerhalb der Art geringer
als bei Kreuzung weiter entfernter Verwandter und als bei
den meisten Artkreuzungen. Dies gilt auch fiir H6he und
Uberlebensrate nach einjdhrigem Wachstum in einer Plan-
tage. E. gunnii-Miitter weisen eine groBe Kreuzbarkeit auf.
Der Erfolg der meisten Bastarde aus versuchten Artkreu-
zungskombinationen mit Arten der Sektion Maidenaria war
nicht signifikant anders als der bei Kreuzungen weiter ent-
fernter Verwandter innerhalb der Art. Die einzige Haupt-
barriere gegen Artbastardierung wurde bei E. globulus ge~
funden. Dort bestand keine enge Beziehung zwischen
Kreuzbarkeit und dem taxonomisch-genetischen Abstand
zwischen den Eltern, obwohl die F,;-Bastarde der einzigen
untersuchten Interserienkreuzung (E. gunnii X ovata) nach
einjidhrigem Wachstum auf der Plantage eine reduzierte
Wiichsigkeit zeigten. Die Folgerungen dieser Ergebnisse
fiir die Entwicklung von Ziichtungsstrategien wie auch fiir
die Genverteilung und Hybridisierung natiirlicher Popula-
tionen werden diskutiert. GroBe Inzuchtbarrieren bei Eu-
calyptus koénnen eine Ungleichheit zwischen Pollen- und
Genverteilung in einheimischen Bestinden zur Folge haben,
mit einer Bevorzugung der Paarung entfernter Verwandter.

Résumé

La réussite et la vigueur des plants issus d’autoféconda-
tion et de croisements de parents génétiquement proches
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