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Introduction
The investigations on genetic parameters of wood structure of European larch from two seedling
seed orchards from northern Poland were carried out in 2008-2010. Genetic parameters for wood
density traits were estimated in 389 25-year-old trees of 8 half-sib families of European larch.
Wood density traits of individual rings were determined by X-ray densitometry (Bergsten et al.,
2001). Genetic parameters such as narrow-sense heritability and genetic correlation were
calculated using the formulas developed by Wright (1976). Genetic parameters were estimated on
the basis of variance components for each trait and covariance components between different
traits, obtained from the MANOVA procedure of the SAS 9.2 PL software (SAS, 2002). Estimated
values of narrow-sense heritability of latewood density and maximum wood density were 0.97 and
0.98 respectively. The narrow-sense heritability of annual ring density and earlywood density
fluctuated in the studied period. Maximum wood density showed strong positive genetic correlation
with latewood density (rg = 0.98) and minimum wood density showed strong positive genetic
correlation with earlywood density (rg = 0.96). The genetic correlations between wood density traits
were increasing with cambial age. Similar trends in genetic parameters changes in time are shown
by Fujimoto et al. (2008) for hybrid larch.Stabilisation of genetic correlations between wood density
traits was observed in mature wood - from 16th annual ring. This confirms the correctness of
decisions to select trees on the basis of genetic parameters obtained for mature wood (early tests).
Wood density is the most important indicator of wood suitability for various kinds of utilization.
Wood density is correlated with several wood properties. Mean ring density depends on the
proportion of earlywood and latewood in annual rings (Warren, 1979). Ring density results from
different combinations of all these components (Hylen, 1999).
High growth rate in juvenile trees implies the dynamic nature of changes in the values of genetic
parameters estimated for the first annual rings (Baltunis et al. 2007, Hannrup et al. 2000, Lenz et
al. 2010). The mentioned tendency can be observed in the increase of individual tree heritability
and genetic correlations in wood density traits (Loo, Tauer 1984, Lenz et al. 2010, Louzada,
Fonseca 2002). Rapid growth of individual tree heritability is typical for ring density, earlywood
density and for minimum wood density (Gaspar et al. 2008, Lenz et al. 2010, Louzada, Fonseca
2002). While for latewood density and maximum wood density an opposite trend is observed in
terms of heritability. The increase of individual heritability of wood density traits is inhibited after
several years at a level which later on remains constant (Loo, Tauer 1984). According to various
authors, the age-age genetic correlations for wood density traits between the youngest annual
rings in juvenile wood and rings in mature wood reach the highest value in the first years of growth
(Gaspar et al. 2008) or in later periods: 15-20 years – 1.0 (Fujimoto et al. 2006), 8-11 years – 0.88
(Hanrup, Ekberg 1988). A different trend in genetic correlations was determined for Pinus radiata,
for which the highest values (2-3) for this parameter were observed in the tree age, a value close
to zero was observed in the transition wood 6-8 and a stable and moderate value of genetic
correlation was determined from the cambial age of 10 (Zamudio et al. 2002). Age-age analysis of
genetic parameters enables a precise examination of the heritability trends and an estimation of
genetic gain in a given year. Variability of heritability along the tree age clearly indicates how the
time, when selection is performed, determines the potential genetic gain (Lenz et al. 2010).
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Analysis of trends in genetic parameters variability in time allows for an improvement in selection
intensity and efficiency by applying early tests (Gaspar et al 2008).
A clear change in the value of genetic parameters of wood density traits is observed in the
transition zone between juvenile and mature wood. In various species the nature of the said
changes shows different trends: Pinus sylvestris (Hanrup, Ekberg 1988, Hannrup et al. 2000),
Pinus radiata (Zamudio et al. 2002), Pinus taeda (Loo, Tauer 1984), Pinus Elliottii (Hodge, Purnell
1993), Hybrid larch (Fujimoto et al. 2008).
The main purpose of the study was to determine the age of stabilisation for the value of genetic
parameters of wood density traits in European larch grown in seedling seed orchard conditions.
We assumed that the stabilisation age for genetic parameters of wood density traits in European
larch should be similar to the analogous period determined for the hybrid larch (Larix gmelinii var.
japonica × L. kaempferi).
Material and methods
In 2007 from two European larch seedling seed orchards located in the Młynary and Zaporowo
forest districts (northern Poland) materials were sampled and used for the analysis of wood
density. Among 22 families represented in both seedling seed orchards, based on the pilot study of
wood density traits, 8 families were selected for further studies. The selection of sample trees for
this examination was based on the assumption of an average representation of each family by 25
individuals in each seedling seed orchard. In total there were 188 trees selected from the Młynary
forest district and 201 trees from Zaporowo forest district. Two increment cores were sampled from
each tree at breast height (1.3 m). Wood samples were subject to standard preparation procedure
for the X-ray examination. Thickness was standardised by longitudinal cutting (Larsson et al.,
1994) and at the next stage the resins were extracted in distilled water (Grabner et al., 2005). The
final stage of preparations covered the stabilisation of water content in the samples at the level up
to 15% (Zobel & Jett, 1995). Increment cores were scanned from the core to the bark using X-ray
densitometry (Bergsten et al., 2001). Analysis of X-ray images using WinDENDRO™ software
provided the following values of wood density traits: mean ring density, earlywood density,
latewood density, maximum wood density, minimum wood density. In order to estimate quantitative
genetic parameters (genetic correlation and narrow-sense heritability) we calculated variance
components using the SAS 9.2 PL VARCOMP procedure and covariance components for each
combination of traits using the MANOVA procedure (SAS, 2002).
The narrow-sense heritability is given by the following formula (Falconer & Mackay, 1994):

hi2 = 4σF2/(σF2 + σPF2 + σE2)
where:

σF2 – family variance,
σE2 – residual variance,
σPF2 – family×seed orchard variance.

The genetic correlation was calculated as follows (Wright, 1976):

rgxy = CovFxy/(σFx2 σFy2)1/2
where:

σFx2 – family variance components for traits X and Y, respectively,
CovFxy – family covariance components for traits X and Y.
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Results and discussion
In the following years, similar fluctuations in heritability for all traits were seen (Fig 1).Maximum
wood density and latewood density had generally the highest heritability ranging from 0.48 to 0.98
and from 0.25 to 0.97 respectively.
Obtained heritability values are significantly higher than the minimum and maximum values quoted
by other authors: hybrid larch LD – 0.44; MAX – 0.41 for Pinus pinaster LD – 0.26; MAX – 0.44 for
Norway spruce LD – 0.59; MAX – 0.51(Fujimoto et al. 2008, Gaspar et al. 2008, Lewark 1982,
Zhang, Morgenstern 1995). The seen differences may occur due to a different relatedness nature
of the research material (full-sib families, half-sib families, clones), various age of trees, and most
of all due to different species of trees. The lowest value of narrow-sense heritability, all density
traits reached at the age of 14 (in 1999).
The seen decrease of this genetic parameter might be related to thinnings carried out on the tested
surfaces, however, the previously mentioned interventions occurred in years: 1997, 2000 and
2005. Therefore, it does not explain the occurring phenomenon. Another noticed decrease in the
heritability of wood density traits at the age of 19 (year 2004) did not find its justification in the
thinning interventions. Probably the low heritability of wood density traits is associated with the
heterogeneous response of trees to the disturbance of growth conditions due to drought occurring
in year 2003 (Rebetez et al. 2006).The low heritability of minimum density and a slow upward trend
at the age of 14 corresponds with the results cited for Norway spruce (Lewark 1982). Most authors
report higher values of this genetic parameter indicating a slow upward trend along with age
(Gaspar et al. 2008, Fujimoto et al. 2008, Louzada, Fonseca 2002). Despite a strong correlation
between earlywood density and a minimum density of wood, the heritability of minimum density
reaches much lower values than the heritability of earlywood density. This suggests that this trait is
only remotely genetically controlled and it strongly succumbs to environmental conditions.

Figure 1: Chronology in narrow-sense heritability for wood density traits: mean ring density (RD), earlywood
density (ED), latewood density (LD), maximum wood density (MAX), minimum wood density (MIN).

Estimated genetic correlations between wood density traits were high for the entire analyzed
period. After the age of 15 all genetic correlations reached the value raging from 0.67 to 0.98 (Fig
2). For most correlations four (4) characteristic periods of changes in particular genetic parameter
Scientific Technical Report STR 13/05
DOI: 10.2312/GFZ.b103-13058

Deutsches GeoForschungsZentrum GFZ

132

Klisz et al. (TRACE Vol. 11)

can be determined (according to tree age trend). In the first period (associated with the evolution of
juvenile wood), up to the age of 11, correlations increased. In the second (typical for transition
wood), between 11 and 15, correlations stabilized. In the third period, a short time between the age
15 and 16, correlations again rapidly increased and reached their maximum at the 16th ring. In the
last - fourth period (typical for mature wood), from the age of 17, correlations stabilized again.
The values of the genetic correlation between the mean ring density and the wood density traits
correspond to the results obtained for hybrid larch (Fujimoto et al. 2008). Authors of these studies
suggest that due to a strong genetic correlation between wood density traits, these traits are of a
limited use when it comes to a selection targeted at the improvement of the quality of wood.
According to them, the selection should be carried out on the basis of the overall wood density.
The highest noticed values of genetic correlations of wood density traits for the age between 16-20
correspond to mature wood. This suggests that the selection carried out to improve the overall
density of wood can be based both on a mean ring density, as well as on the other density traits.
One should however note that these density traits have various heritability.

Figure 2: Chronology in genetic correlation between wood density traits: mean ring density (RD), earlywood
density (ED), latewood density (LD), maximum wood density (MAX), minimum wood density (MIN).

Conclusions
1. The unstable nature of the heritability of wood density traits typical for the transition period
(from juvenile to mature wood) can be the cause of wrong selection decisions concerning
wood density, which may result in wrong estimation of genetic gain.
2. Genetic parameters of wood density traits present stable and strong correlation for mature
wood.
3. Heritability of wood density traits is characterized by a visible increasing time-trend.
4. The minimum density of wood is a trait which is probably poorly genetically controlled and is
subject to strong environmental influences.
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