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Abstract .

A total of 1226 increment cores were sampled from
two provenance trials of Pinus radiata D. Don planted in
New Zealand (Kaingaroa) and Australia (Kangaroovale),
to study variation and inheritance of wood density in
selections from three mainland California natural popu-
lations: Afio Nuevo, Monterey and Cambria. The study
represents a back-to-back comparison of the same prove-
nance and family material on contrasting sites between
New Zealand and Australia. Monterey was significantly
different to Afio Nuevo and Cambria at Kaingaroa
(p<0.05), and had slightly higher density, whereas all
provenances were almost identical and not significantly
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different at Kangaroovale. However, there were signifi-
cant differences for wood density at family level for Afio
Nuevo and Cambria at Kangaroovale. No significant
provenance or family differences were detected for core
length at either site. The estimates of heritability for
wood density were all above 0.50 and generally higher
at Kaingaroa than at Kangaroovale. Estimates of addi-
tive genetic correlations between wood density and core
length were imprecise. Genotype X site interactions for
density appeared minor (estimated type-B genetic corre-
lation=0.70) despite substantial differences in rainfall
and soils. The similarity of Cambria to Afio Nuevo for
density is an interesting result because the genetic base
of the present Australian and New Zealand plantations
has been shown to be from Aifio Nuevo and Monterey.
Infusion of Cambria material would increase the overall
genetic base of the radiata pine breeding programs, with
potential long-term benefits, despite the often disap-
pointing growth performance of material collected from
Cambria.
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Introduction

Active breeding of radiata pine (Pinus radiata D. Don)
has been under way in Australia and New Zealand for
over 60 years. Early tree improvement work on P, radia-
ta in Australia and New Zealand concentrated mostly on
improving growth and form traits (WU et al., 2007; Bur-
DON et al., 2008). Breeding for growth rate and tree form
in the first two generations has reduced wood density
slightly in radiata pine because of a negative genetic
correlation between growth rate and wood density (Cot-
TERILL and DEAN, 1990; DEAN et al., 1990; WU et al,
2004). Density features importantly in both the New
Zealand breeding program and that of the Southern
Tree Breeding Association, based in Mount Gambier,
South Australia (WHITE et al., 1999; JAYAWICKRAMA and
CARSON, 2000).

Wood density is generally a highly heritable trait, but
assessing density can be time-consuming and expensive.
However, it can be measured relatively easily and inex-
pensively compared to other wood quality traits such as
microfibril angle (MfA), modulus of elasticity (MoE), and
spiral grain. Tree-to-tree variation in most wood proper-
ties is not only significant but is typically strongly heri-
table (SHELBOURNE, 1997; BURDON et al., 2001; ZAMUDIO
et al., 2005; WU et al,, 2008), which makes it easy to
improve specific properties by selective breeding. For
example, considerable genetic variation and high heri-
tabilities in density in corewood (historically called juve-
nile wood) (BURDON et al., 2004) have been reported in
Australia and New Zealand (JAYAWICKRAMA, 2001;
KuMAR, 2004; KUMAR et al., 2002; L1 and Wu, 2005).
However, a negative relationship between radial growth
and wood density has been widely reported (e.g., ZaMU-
DIO et al., 2002). The strength of the relationship is vari-
able among softwood species; it is very strong for
spruces (Picea spp.) and especially Norway spruce (Picea
abies) (ZoBEL and JETT, 1995; ROZENBERG and CAHALAN,
1997), and apparently very weak for some pine species
(ZoBeL and JETT, 1995). For example, several studies
have reported adverse genetic correlations between

wood density and growth in radiata pine (DEAN et al.,
1983; BurpoN and Low, 1992; JAYAWICKRAMA, 2001;
KuMAR, 2004; L1 and Wu, 2005; BALTUNIS et al., 2007;
WU et al,, 2008). Little evidence of genotype-by-environ-
ment interaction (GxE) has been reported for density in
radiata pine (BALTUNIS et al., 2010; GAPARE et al., 2010).

BURDON and Low (1992) studied several wood proper-
ties in native-population material of radiata pine grown
in New Zealand. For example, wood density averaged
about 10% higher in slower-growing island populations
(Guadalupe and Cedros) than in the Californian main-
land ones (BURDON and Low, 1992). Recent work showed
that Guadalupe provenance to have the highest density,
both for the innermost five rings and across the stem at
age 30 years (BURDON et al., 2001; RAYMOND et al., 2009).

Our previous study on selections from three mainland
California populations planted at two sites in New
Zealand and one site in Australia showed significant
provenance differences for growth and form traits at age
nine years (GAPARE et al., 2011). The availability of such
provenance/progeny trials which sampled the whole
range of the mainland populations provides an excellent
opportunity to study the genetic control of wood density
in native-population material. The present study repre-
sents a back-to-back comparison of the same provenance
and family material on contrasting sites between New
Zealand and Australia at age 14 years. This will also
provide an opportunity to include information on both
growth and wood density when making decisions about
possible infusion of new germplasm.

This paper presents results from two provenance/prog-
eny trials of radiata pine, one planted in Kaingaroa For-
est, New Zealand and the other one near Tumut, New
South Wales, Australia. The objectives of this paper were
to (1) determine the relative magnitudes of variation in
wood density and core length that is due to provenances
and families, (2) estimate genetic correlations between
the traits, (3) investigate the effect of GXE for wood den-
sity.

Materials and Methods

Genetic material

The 1978 “Eldridge” collection included open-pollinat-
ed (OP) seed from individuals from the Monterey, Cam-
bria and Afio Nuevo provenances (ELDRIDGE, 1997).
These provenances were initially subdivided into sub-
populations with Afio Nuevo, Monterey and Cambria
and having four, six, and three sub-populations, respec-
tively. The study of BURDON et al. (1992) showed no evi-
dence of substantial local differentiation for growth and
form traits for the 1964 collection grown in New
Zealand. RAYMOND and HENSON (2009) reported signifi-
cant differences between sub-populations for DBH at
age 26 years within Afio Nuevo and Cambria, for
straightness at age 26 years within Afio Nuevo and for
’nodality’ (intervals between branch clusters) score at
age 26 years (from 1=uninodal to 4 =highly multinodal)
within Cambria for the 1978 'Eldridge’ collection. How-
ever, the magnitude of the sub-population differences in
both studies was relatively small, and the sub-popula-
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