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Abstract

A large study involving 2194 clones from 124 full-sib families
tested in four rooting trials, was conducted to investigate the
importance of genetic additive and specific combining ability
effects in the rooting success of Eucalyptus globulus stem
cuttings. The results found a high narrow sense heritability
(h2 = 0.54), low specific combining ability effects and low geno-
type by test interaction. They suggest that large gains can be
achieved by direct selection for rooting ability. Rooting ability
of specific crosses seems therefore to be accurately predicted
simply from the parents’ additive genetic merit. This open the
possibility of family propagation schemes in eucalypts.

Key words: rooting ability, additive effects, combining ability, herita-
bility, Eucalyptus globulus.
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Introduction

There is considerable interest in using vegetative propaga-
tion to deploy genetically improved Eucalyptus globulus ssp.
globulus (BARBOUR and BUTCHER, 1995; MACRAE and COTTERILL,
1997). Although the species is known to be difficult to root
(WILSON, 1994), selection for good rooting clones seems to be
possible, with a number of studies reporting rooting ability to
be under strong genetic control (BORRALHO and WILSON, 1994;
ENGLAND and BORRALHO, 1995). These, however, were based on
a limited number of crosses or used only open pollinated
families. This paper presents more accurate estimates of both
additive and dominance genetic variances for rooting ability on
four large propagation experiments carried out over a period of
two years, including 2194 clones from 124 full-sib families.

Material and Methods

Genetic material

The clones (2194 in total) were derived from seed of 
124 crosses between 40 unrelated parents, with each family
having approximately 18 clones per family. The parents were
originally selected for superior growth and form, but not for
rooting, in unimproved stands of Eucalyptus globulus in
Portugal. The crossing scheme was highly unbalanced, with
the number of crosses per parent ranging between 1 and 15,
with an average of 3.

Propagation techniques

Stem cuttings were harvested from seedling-origin mother
plants growing in paper pots (harvest 1 and 2) and from
previously rooted cuttings growing in an outdoors irrigated
multiplication yard (harvest 3 and 4). Cuttings were dipped in
a hormone powder and set in a 1:1 peat and styrofoam
medium. Cuttings were kept in a environmentally controlled

glasshouse with humidity greater than 90%, an average
temperature of 21°C and a minimum temperature of 15°C, and
kept wet with intermittent mist for 4 weeks.

Measurements

The rooting tests were conducted in May 1994, October 1994,
May 1995 and October 1995. The first test consisted of an
average of 8 ramets per clone, ranging between 1 and 19. The
second, third and forth tests had an average of 10, 16 and 20
ramets per clone, respectively, ranging between 2 and 54
ramets per clone. Rooted cuttings were counted 35 days after
setting, when cuttings with roots could be easily distinguished.

Statistical analysis

Analysis of the data followed the model:

y = Xb + Z1a + Z2s + Z3ae + Z4se + e [1]

where y is the vector of observed rooting ability per clone in
each test, given as a percentage, b is the vector of trial effects
(fixed), a is the additive genetic effect, s is the effect due to
specific combining ability (SCA), ae and se are the effects due
to additive by test and SCA by test interactions respectively,
and e is the residual. X, Z1, Z2, Z3 and Z4 are known design
matrices. To correct for the finite sample size, proportions of 
0 and 1 were replaced by 0.5/n and (n-0.5)/n, respectively,
where n is the number of ramets per clone and test. An 
iterative weighted Restricted Maximum Likelihood analysis
(COLLET, 1991) was used to obtain the weights, as wij = 
[pij (1-pij )/nij ] –1), where pij is the predicted proportion for the
ith clone in the jth test. Variance ratios and associated
standard errors. The data was assumed to have a binomial
distribution with a logit link function. Variance components
were estimated using the program ASREML (GILMOUR et al.,
1995).

Results

Rooting success across the four experiments varied signifi-
cantly, being 9%, 26%, 39% and 9% for the four consecutive
experiments, but there was no obvious trend in rooting success
developing over time.

Narrow sense heritability was h2 =0.54, higher than previous
estimates of h2 = 0.41 by BORRALHO and WILSON (1994) and 
h2 = 0.36 by ENGLAND and BORRALHO (1995). The SCA effects
were low, explaining only 1.5% of the total variance (or 6% in
terms of dominance if dominance is assumed to be four times
SCA). Additive genetic-by-test and SCA-by-test interactions
were also small, but significant, accounting for 8% and 6% of
the variance, respectively. Given the time lag between tests,
and the relatively large seasonal differences within a year, the
low genotype-by-test interactions suggests the clonal merit for
rooting can be accurately estimated from a few rooting
experiments and under various environmental conditions. Low
genotype-by-test interaction was also reported by BORRALHO

and WILSON (1994).
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Table 1. – Variance components for additive genetic, specific combining
ability effects (SCA), additive by test and SCA by test interaction
and residual effects, number of equations for each effect (terms) and
variance ratios and standard errors for rooting ability across the 4 
rooting tests.

Discussion

The study showed evidence of a high heritability and genetic
variance, with low dominance effects and genotype-by-test
interaction and should result in a very high selection accuracy
when predicting genetic merit for clones or families. This is
important because it opens the possibility of successful bulk
propagation of E. globulus based on untested progeny from
high rooting parents. In our study, the best clones had an
expected breeding values of around 90%. With the high herita-
bility and repeatability across tests, its progeny is expected to
root with a high degree of confidence, near the mid parent
value of 90%. Although family forestry is a reality in pines, in
eucalypts such scheme has only been implemented through
large scale control-pollination programs (LEAL and COTTERILL,

1997). In eucalypts our results suggest family deployment
strategy in eucalypts are likely to be successful.
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von Waldbeständen am Beispiel
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Waldökosysteme sind wegen ihrer vielfältigen Schutz-
und Sozialfunktionen ein unersetzbarer Bestandteil der
belebten Umwelt. Waldbäume sind die Trägerorganis-
men dieser Systeme. Sie sind ortsfest wie viele andere
Organismen, sie unterscheiden sich jedoch von diesen
durch ihre ungewöhnlich lange Lebensdauer. Baum-
populationen sind einer großen räumlichen Hetero-
genität ihrer Umweltbedingungen ausgesetzt. Kom-
plexität und Variabilität dieser Bedingungen erzeugen
ein Gefährdungspotential, welches für Baumpopula-
tionen wesentlich höher einzuschätzen ist, als für
Populationen anderer Nutzpflanzen. Daher hat die
Bewahrung der Fähigkeiten, sich an variable Umwelt-
bedingungen anzupassen und zu überleben, für Baum-
populationen besonders große Bedeutung.

Die vorliegende Arbeit möchte dazu beitragen, den
Kenntnisstand über ökologisch-genetische Gesetz-
mäßigkeiten in Waldökosystemen zu erweitern. Ein
zentraler Punkt ist der Nachweis genetischer Kon-
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sequenzen anthropogener Schädigungen. Für Sanie-
rungskonzepte von Waldökosystemen werden Informa-
tionen über genetische Ressourcen und deren Dynamik
benötigt, weil die Fähigkeit von Populationen, sich
anzupassen und zu überleben, genetisch determiniert
ist.

Eine Zeit neuartiger und ungewöhnlich komplexer
Belastungen hat neue Rahmenbedingungen geschaffen,
die eine Erweiterung der klassischen Prinzipien der
forstlichen Nachhaltigkeit notwendig machen. Die
forstliche Nutzung von Waldökosystemen kann auf den
Schutz genetischer Ressourcen und genetischer Systeme
nicht mehr verzichten. Der Erhaltung der Stabilität von
Waldökosystemen sollte konsequent Vorrang vor öko-
nomischen Erwägungen eingeräumt werden. Anthro-
pogene Eingriffe müssen dort ihre Grenzen finden, wo
Anpassung und Überleben von Waldökosystemen in
Frage gestellt sind.


