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Abstract. Twelve-yr-old Japanese larch (Larix kaempferi [Lamb.] Carr.) stems of 20 different progenies
and/or provenances were obtained. Two disks of 5 cm thickness were cut at approximately 0.25 and 2.7 m from
the ground. Two wedges were cut from each disk to determine basic density at these two heights. The
remaining logwas used to obtain standard samples for the determination of basic and oven-dry densities closest
to the bark. The adjacent material of standard samples was used to produce sawdust for the determination of
hot-water extractive content. Basic and oven-dry densities were then corrected by the mass of extractives.
Wedge basic density showed a significant variation along the stem. Density was higher at 0.4 m than at 2.75 m
in height. However, no significant effect of progeny/provenance was found, nor for basic and oven-dry
densities. Once these densities were corrected, the progeny/provenance showed a significant effect, which
allowed a progeny grouping by density. Hot-water extractive content was also significantly affected by the
progeny/provenance and it varied between 2.9% and 6.9%. Progeny 7280 would have an interesting potential
among progeny/provenance for lumber and pulping uses as it showed the lowest water-soluble extractive
content, the highest corrected densities, and high growth rate. In general, corrected densities and extractive
content would be more appropriate for a preliminary selection of the progenies/provenances according to the
final utilization. Further studies of other wood properties would be necessary to confirm these results.

Keywords: Japanese larch, basic density, wood extractives, tree breeding, wood quality.

INTRODUCTION

The genus Larix consists of about 10 species
distributed throughout the northern hemisphere.
Only tamarack is native to eastern Canada (Farrar
1995). Larches are well adapted to northern

climates and grow very quickly when planted in
good conditions (Perron 2011). They are versatile
species that can be used for numerous purposes,
such as lumber products (interior/exterior), pulp
and paper, and composite products (Zhang and
Koubaa 2008).

In 1970, a larch improvement program was
established in Quebec Province to find the most

* Corresponding author
† SWST member

Wood and Fiber Science, 49(4), 2017, pp. 363-372
© 2017 by the Society of Wood Science and Technology



productive and best adapted provenances, hybrids,
and clones for this region. Several provenance
trials, progenies tests, and/or clonal trials were
established to create the database for the estab-
lishment of improved seed orchards (Stipanicic
1975). Some species and hybrids of larches
(Larix sp.) show a very interesting growth rates and
effective adaptation to different site conditions,
while still producing good-quality wood for lumber
and fiber products. The tamarack, European and
Japanese larches planted at various sites in
Quebec proved to be the most productive co-
nifers when used within rotation periods of 30 yr
(Vallée and Stipanicic 1982). Japanese larch
produced an average total volume of 0.386 m3

per tree at 22.8 yr against 0.337 m3 at 23.8 yr and
0.255 m3 at 22.6 yr for the European larch and
tamarack, respectively (Verville 1981). Another
trial test in New Brunswick Province reported
that the best provenances of Japanese larch had
high productivity and suggested its use as
a short-rotation species for fiber production in
eastern Canada (Park and Fowler 1983; Fowler
et al 1988).

Nowadays, Quebec province is able to increase its
forest production by reforesting with improved
material through the development of improved
varieties. In the boreal forest, despite less favorable
growing conditions, the additional volume of
lumber obtained by planting improved material
is significant, given the extension of the territory
and the amount of tree seedlings planted. The
development of high-yield plantations, combining
intensive forestry and the use of genetically im-
proved material, remains an efficient way to in-
crease forest productivity (Rainville et al 2003).

A species improvement program must take into
account the tree morphological and genetic char-
acteristics as well as the wood final utilization.
Accordingly, wood properties have become a se-
rious concern among tree breeders. Density is one
of the most important properties of wood, as it is
relatively easy to measure and it is well correlated
to many physical and mechanical properties of
wood (Saranpää 2003). However, wood density,
which is widely used to evaluate wood quality in
tree improvement programs, is highly variable

(Zobel and Van Buijtenen 1989). This vari-
ability could be due to genetic, environmental,
and physiological factors as well as silvicultural
treatments (Panshin and de Zeeuw 1980).

Although growth performance of larches in North
America has beenwell documented, little is known
with regard to their wood properties. Verville
(1981) mainly studied the variation of physico-
mechanical properties of 23-yr-old tamarack,
European and Japanese larches planted in Quebec.
European larch showed the greatest basic density
(427 kg/m3), followed by tamarack (415 kg/m3)
and Japanese larch (371 kg/m3). A French study
reported that juvenile wood of Japanese and hybrid
larches present similar basic density (391 and
396 kg/m3, respectively), but always lower than
European larch (460 kg/m3) (Charron et al 2003).

In addition, larches are well known for their high
levels of water-soluble extractives. Chemically, the
principal water-soluble extractive is arabinoga-
lactan, which is a complex, highly branched
polysaccharide (Côté et al 1966; Clarke et al 1979).
Larix species can contain between 5% and 30%
(dry mass) of total arabinogalactans, which are
mainly located in the tracheid lumens of earlywood
heartwood (Côté et al 1966; Grabner et al 2005).
However, Kubo and Kaburagi (1973) reported that
about 30% of water extractives of Japanese larch
were located inside the cell wall. Some studies have
shown that larch arabinogalactan is a promising
agent for medical purposes (Riede et al 2013;
Babkin 2015; André et al 2015; Dion et al 2016).
It is also used as a nutrition supplement (eg
ImmunEnhancerTM and FiberAid®) (Fitzpatrick
et al 2004) and food additive (Ermakova et al
2010). In addition, larch arabinogalactan has been
proven potentially valuable as a colloid dispersal
agent for the synthesis of nanoscaled materials
(Mucalo et al 2002; Gasilova et al 2013).

The objective of this study was to provide an
insight on progenies/provenances density variation
and the effect of extraneous substances on it. In
addition, density and/or water-soluble extractive
content were proposed as preliminary selection
tools of the best progenies/provenances according
to the utilization. This workwas part of an extensive
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wood quality study of Japanese larch progenies/
provenances, which includes dimensional stability
and mechanical properties.

MATERIALS AND METHODS

Study Area and Samples

The material for this study was obtained through
a larch breeding program established in Quebec.
Japanese larch (Larix kaempferi [Lamb.] Carr.)
trees came from an experimental plantation lo-
cated in the township of Batiscan (46°310 N and
72°150 W), in the Mauricie region. Seven trees of
20 different progenies and/or provenances were
obtained from a selective thinning intervention.
Table 1 shows the geographic and genetic origin
of the material. The 12-yr-old trees were crosscut
at 15 cm from the ground to obtain 140 butt logs
of 3 m length. Two disks of 5 cm thick were then
cut at approximately 0.25 and 2.7 m of the log big
end (0.40 and 2.85m from the ground) (Fig 1). The
mean log diameter at each height and taper of the
20 progenies/provenances is shown in Table 1.
Two wedges were cut from each disk to determine
basic density at each height. The remaining log
was then cut into two slabs. One slab was used to
obtain two samples for the determination of basic

and oven-dry densities. The samples were ob-
tained immediately above and below of breast
height (1.3 m from the ground). The surrounding
material was used to produce the sawdust required
for determining extractive content. The sampling
distribution pattern is depicted in Fig 1.

Density Assessment

For wedge density evaluation, two 45° opposite
wedges were removed at random cardinal di-
rections from each disk (Beaudoin et al 1992).
Wedges were kept frozen until measurement of
wood density. The green volume of all wedges was
obtained with the water displacement method
(measured to 0.01 g). Initial MC of the wedges
varied from 44% to 172%. Wedges were oven-
dried for 24 h at 103°C. The oven-dry mass was
then obtained to the nearest 0.01 g after the samples
cooled down to room temperature over phosphorus
pentoxide. Basic density was calculated as the ratio
between oven-dry mass and green volume.

In addition to the wedge density measurements,
two samples (25 [T] � 25 [R] � 100 [L] mm) per
log (Fig 1) were taken closest to the bark for
determining the basic and oven-dry densities.
These measurements were made according to

Table 1. Geographic and genetic origin and log characteristics of Japanese larch.

Larix kaempferi [Lamb.] Carr. clone/breed/provenance Stem diameter (mm)

N° Geographic Origin Genetic origin 0.40 m 2.85 m Taper (mm/m)

6689 Honshu, Nagano, Japan Natural stand 153 125 11
7278 Morayshire, Newton, Scotland Progeny clone N°3 154 126 12
7279 Morayshire, Newton, Scotland Progeny clone N°41 178 145 14
7280 Morayshire, Newton, Scotland Progeny clone N°71 176 132 18
7283 Morayshire, Newton, Scotland Progeny clone N°V634 161 126 15
7290 Ross-Shire, Scotland Plantation 173 142 13
7794 Kongenhus, Flensborg, Denmark Seed orchard 160 129 13
7795 Gavnø, Lindersvold, Denmark Plantation 157 123 14
8904 Hokkaido, Tokachi, Japan Breed plantation 156 124 14
8907 Hokkaido, Tokachi, Japan Breed plantation 161 129 13
8927 Hokkaido, Tokachi, Japan Breed plantation 162 135 11
8934 Hokkaido, Tokachi, Japan Breed plantation 158 122 15
8936 Hokkaido, Tokachi, Japan Breed plantation 148 122 11
8939 Hokkaido, Tokachi, Japan Breed plantation 163 127 15
8944 Hokkaido, Tokachi, Japan Breed plantation 162 128 15
8948 Hokkaido, Tokachi, Japan Breed plantation 161 122 16
8952 Hokkaido, Tokachi, Japan Plantation 150 123 11
8957 Gavnø, Lindersvold, Denmark Seed orchard 182 133 20
8962 Honshu, Nagano, Japan Natural stand 153 119 14
8964 Flensborg, Denmark Progeny of various clones 137 110 11
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ASTM D-143-14 specifications for small clear
specimens. Green volume of each sample was
measured with the water displacement method
(measured to 0.01 g). Sample dimensions fol-
lowing the three main directions of wood were
taken using a micrometer to 0.01 mm. Afterward,
the specimens were slowly air-dried in a condi-
tioning room at 20°C and 80% RH and then at
20°C and 65% RH until a constant mass was
reached. The air-dried sample mass and their di-
mensions were measured. Thereafter, the speci-
mens were oven-dried by gradually increasing the
temperature until reaching 103°C. Mass and oven-
dry dimensions were then measured. The speci-
mens were subsequently paraffined to measure the
dry volume by immersion in distilled water.

Extractive Determination

The tangential adjacent parts of the standard
samples were ground to produce sawdust (Fig 1).
The fragmentation procedure was intended to
optimize the proportion of material retained

between 20 and 70 mesh screens (0.210-
0.841 mm), while minimizing the production of
very fine particles (Campbell and Bryant 1937).
Hot-water solubility was assessed according to
American Society for Testing and Materials
(ASTM) D1110-84 (2001). Two air-dried samples
of 2 g per board were mixed with 100 mL of
distilled water. Samples were extracted in Erlen-
meyer flasks provided with reflux condensers.
After 3 h of gentle boiling,material was transferred
to a tared filter paper, washed with 1000 mL of hot
distilled water, and oven-dried. Hot-water solu-
bility is reported on an oven-dry mass basis, as the
ratio of extracted to unextracted wood (as a per-
centage). Finally, basic and oven-dry densities
determined for standard samples were corrected
for the extractive content according to Hernández
(2007) using the following formula:

Doc¼ Moc

Vo
¼ Mo

Vo
ð1� eÞ¼Do ð1� eÞ (1)

where Moc denotes the oven-dry mass without
extraneous substances, Vo is the oven-dry volume,

Figure 1. Sampling distribution in the stem.
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Mo is the overall oven-dry mass, and e is hot-water
soluble extractives as a fraction. The same prin-
ciple was applied for corrected basic density. The
applied formula shows that correction of density
was performed on the oven-dry mass only, but this
does not take into account the effect that extra-
neous substances can have on the volume changes
in wood.

Statistical Analysis

Data were analyzed using the statistical analysis
system (SAS®) software, version 9.4. Raw data
were first evaluated with the Box-Cox method
showing the more fitted transformation if re-
quired. A mixed model of analysis of variance
(ANOVA) was used to evaluate the variation of
density and hot-water extractive content (α �
0.05). For wedge samples, data structure fol-
lowed a split-plot design with progeny/provenance
in the main plot and sampling height in the subplot.
The progeny/provenance was the studied source
of variation for standard samples and hot-water
extractives. Multiple comparison tests were
done using the least-squares means statement
(lsmeans) at 5% probability level if necessary.

Finally, the normality was verified with Shapiro-
Wilk’s test, the homogeneity of variance was
verified with the graphical analysis of residuals.

RESULTS AND DISCUSSION

Density

The mean basic density for twenty progenies/
provenances of Japanese larch varied between
381 and 417 kg/m3, for the wedge samples. Basic
density of standard samples varied from 369 to
413 kg/m3, whereas oven-dry density varied from
409 to 463 kg/m3. In all cases, the lower and higher
values corresponded to progeny/provenance 6689
and 7283, respectively (Table 2). Basic density of
standard samples was a little lower than that of
wedges, which could be attributed to the differ-
ences in sampling location within the stem (radial
and axial variation). Wedge density represents the
mean density of the stem at one specific height.
Table 2 shows the mean wedge density at the two
stem heights evaluated (0.40 and 2.85 m). Stan-
dard sample density is related to a radial position.
In this case, the samples were taken closest to the
bark at breast height (Fig 1).

Table 2. Basic and oven-dry densities from 20 progenies/provenances of Japanese larch.

Progeny/provenance

Basic density

Oven-dry density—standard samples (kg/m3)Wedges (kg/m3) Standard samples (kg/m3)

6689 381 369 409
7278 409 408 460
7279 405 397 445
7280 396 406 460
7283 417 413 463
7290 385 376 419
7794 393 398 444
7795 411 395 443
8904 399 395 443
8907 397 393 435
8927 396 387 432
8934 395 399 444
8936 417 392 438
8939 406 404 453
8944 404 394 440
8948 398 387 432
8952 384 378 435
8957 403 398 448
8962 395 390 434
8964 409 400 445
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The ANOVA showed no significant effects of
progenies or provenances on wood density
(Table 3). Nevertheless, Japanese larch trees of
17 yr old from 20 seed sources planted in New
Brunswick showed a highly significant basic
density variation among provenances (385-
417 kg/m3) (Loo et al 1982). The density var-
iation range is similar between these two studies.
However, Loo et al (1982) had a higher number
of sampled trees per provenance (30 trees)
compared with our study (7 trees), which
allowed to effectively dissociate intertree vari-
ation from provenance variation.

On the other hand, variation in basic density of
wedges along the butt log was significant
(Table 3). Density decreased with increasing
height in the log. Thus, density at 0.40 m from the
ground (408 kg/m3) was higher than the one at
2.85 m (392 kg/m3). Similar results were reported
by Isebrands and Hunt (1975) for Japanese larch
as well as by Okkonen et al (1972), Keith and
Chauret (1988), and Chui and MacKinnon-Peters
(1995) for other larches. This variation is mainly
related to the proportional amounts of different
cell types and by the dimension of the cells,
especially thickness of the cell wall (Heger 1974).

Corrected Density

Japanese larch progeny/provenance had not
significant effect on basic and oven dry den-
sities measured on standard samples. However,
progeny/provenance showed a significant effect
once these densities were corrected for the
presence of extractives (Table 3). These results
are in agreement with observations in Pinus
echinata, which indicated that extractives masked

the actual specific gravity differences between
provenances (Posey et al 1970).

Density is determined by several cell character-
istics. However, chemical deposits within and
between the cells can drastically affect density
(Zobel and Van Buijtenen 1989). Taras and
Saucier (1967) found that the extractive content
overestimated the amount of lignocellulosic
material by 6-7.5% in southern pines. Most of
Japanese larch water-soluble extractives are de-
posited in the lumen of both earlywood and
latewood tracheids, but some of them are inside
the cell wall too (Kubo and Kaburagi 1973).
Hence, corrected densities (Tables 5 and 6) were
lower than uncorrected densities (Table 2). Basic
and oven-dry densities corrected by the mass of
extractives ranged from 348 and 386 kg/m3 to
394 and 447 kg/m3 for provenance/progenies
6689 and 7280, respectively (Tables 5 and 6).
These values are lower by 21% and 23% to 12%
and 13%, respectively, compared with their
corresponding uncorrected densities (Table 1).
Basic density is an important property of the
pulpwood. Although volume has been the pa-
rameter measured in trading, the pulping yield
relates more closely to the amount of dry wood
substance than to the volume of wood (Spångberg
and Nylinder 1997). Therefore, a potential use of
the corrected basic density appears interesting for
the pulp and paper industry as it allows a better
estimation of the amount of lignocellulosic ma-
terial in a given volume of wood.

The multiple comparisons tests for corrected
densities (Tables 5 and 6) showed that progenies/
provenances density classes have a wide range,
with a significant overlap among classes due to

Table 3. F-values obtained from the ANOVAs for basic densities, oven-dry densities, and hot-water extractive content.

Source of variation

Basic density
Oven-dry

density—standard samples
Hot-water

extractive content

Standard samples

Wedges Standard samples Corrected basic density Corrected oven-dry density

F-values

P/P 1.4 ns 1.42 ns 1.65 ns 2.42* 2.34* 2.57*

Height 47.29* ni ni ni ni ni
P/P � height 1.22 ns ni ni ni ni ni

P/P, progeny/provenance; ni not included in the ANOVA; ns, not significant.
* Significant at the 0.01 probability level.
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the small sample size. As explained earlier,
a higher number of trees should have increased
the discrimination power among progenies/
provenances. However, these results can help
in the progeny/provenance selection process
according to the utilization. Corrected density
would be more appropriate for a selection of the
best progeny/provenance when the density of
lignocellulosic material is the main issue. The
progeny 7280 had the lowest extractive content
(Table 4), the highest corrected densities (Tables
5 and 6), also showed one of the fastest growth
rates (Table 1). This suggests a good potential of
this progeny/provenance for pulping purposes.

Extractives

Hot-water extractive content of Japanese larch
varied between 2.9 to 6.9% for progenies/
provenances 7280 and 8907, respectively
(Table 4). The ANOVA showed a significant
effect of provenance on extractive content
(Table 3). Therefore, progenies/provenances of
Japanese larch could be selected by extractive
content at early stages. The trees for this study

came from a 12 yr old plantation. According to
Zhu et al (2000), the limit between juvenile and
mature wood in Japanese larch varies between
age 15 and 21 depending on the plantation site.
Therefore, it would be reasonable to state that all
the material used in this experience was com-
posed of juvenile wood. Extractive removal in
young trees is usually not done because the
difference between extracted and unextracted
density is not very high. Generally, older trees
with different amount of heartwood will have
a more important extractive content (Zobel and
Van Buijtenen 1989). However, Chui and
MacKinnon-Peters (1995) found that European
larch of 17 yr old had the highest mean extractive
content compared with older Japanese and hybrid
larches. Contrary to common belief, extractive
content in young trees may not be low. Isebrands
and Hunt (1975) found extractive content values
between 2% and 6% for individual growth rings
on 10 yr old Japanese larch trees. This is con-
sistent with our results, although the extraction
methods were different. Extractive content was
obtained after an extraction sequence of benzene -
ethanol - hot water. Accordingly, extractive

Table 4. Multiple comparisons tests of hot-water extractive
content from 20 progenies/provenances of Japanese larch.

Progeny/provenance Hot-water extractive content (%)

7280 2.9 A
7279 3.8 A B
7278 4.0 A B C
8939 4.0 A B C
8944 4.2 B C D
8936 4.7 B C D
8927 4.7 B C D
8962 4.8 B C D
8948 4.9 B C D
8952 5.0 B C D E
8964 5.1 B C D E
7794 5.2 B C D E
7290 5.4 C D E
8904 5.5 C D E
7795 5.5 C D E
8957 5.5 C D E
6689 5.5 C D E
8934 5.7 C D E
7283 6.2 D E
8907 6.9 E

Means followed by the same letter are not significantly different at 5%
probability level.

Table 5. Multiple comparisons tests of corrected basic
density from 20 progenies/provenances of Japanese larch.

Progeny/provenance Corrected basic density—standard samples (kg/m3)

7280 394 A
7278 392 A B
8939 388 A B C
7283 388 A B C
7279 382 A B C D
8964 380 A B C D E
8944 378 A B C D E
7794 377 A B C D E
8934 377 A B C D E
8957 376 A B C D E
8936 373 A B C D E F
7795 373 A B C D E F
8904 373 A B C D E F
8962 371 A B C D E F
8927 368 B C D E F
8948 368 B C D E F
8907 366 C D E F
8952 359 D E F
7290 356 E F
6689 348 F

Means followed by the same letter are not significantly different at 5%
probability level.
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content could be taken into consideration as
another variable for tree early selection on im-
provement programs.

Some studies have shown that the extraction
method, tree age, and wood type (sapwood/
heartwood) also had an effect on the extrac-
tive content. Keith and Chauret (1988) reported
average values of 2.3% and 8.5% in European
larch of 25 yr old, for extractions with ethanol-
benzene and hot water, respectively. Srinivasan
et al (1999) found that hot-water extractives in
tamarack of 75 yr old from New Brunswick
varied between 1.9% and 4.8% in sapwood and
between 7.6% and 24.7% in heartwood. More-
over, hot-water extractives in larches were very
variable among trees (from 5.7% to 20.5% of dry
weight), but not significant variation was found
among species (39-yr-old European, Japanese, and
hybrid larches) (Gierlinger et al 2004). Therefore,
if there is an industrial interest on extraneous
substances production, all of these parameters
must be taken into consideration for an early as-
sessment of the raw material.

The presence of extractives in the heartwood has
been largely related to its decay resistance.

However, the natural durability of eastern larch
heartwood to brown rot fungi was found to be
moderate to low. It was suggested that high
amounts of arabinogalactans could enhance
fungal growth by being a nutrient source
(Srinivasan et al 1999). Gierlinger et al (2004)
reported that resistance to decay was instead
strongly correlated to phenolic contents (acetone
extractives). Moreover, water-soluble extractives
could also affect the processing of larch wood.
Arabinogalactans may stick in saw blades during
saw milling, potentially causing sawing inac-
curacies and interruptions (Sairanen 1982).
Consequently, progenies/provenances with the
higher amounts of water-soluble extractives
would be less interesting from a wood machining
point of view.

In the case of pulping, one of the criteria for
selecting wood is having raw material with a low
level of extractives. Overall, extractive content in
this work can be considered low due to the young
age of sampled trees (12 yr) since they had not yet
formed heartwood. Hence, this age seems suit-
able for plantations destined for pulp and paper
purposes. However, extractive content increases
as soon as wood matures. Japanese larch intertree
extractive content variation was important,
which probably corresponded to the beginning
of heartwood formation in some trees. Never-
theless, progenies/provenances 7280, 7279, 7278,
and 8939 may be preferred for pulping as they
exhibited the lowest extractive content (Table 4).
At the opposite, progenies/provenances 8952,
8964, 7794, 7290, 8904, 7795, 8957, 6689, 8934,
7283, and 8907 could be preferred as source of
water-soluble extractives (arabinogalactans). Arabi-
nogalactans have shown great potential for medical
uses (Babkin 2015; André et al 2015; Dion et al
2016) and for the synthesis of nanoscaled materials
(Mucalo et al 2002; Gasilova et al 2013). They have
also been used in the food industry (Fitzpatrick et al
2004; Ermakova et al 2010).

Overall, density classification and extractive
content could be good initial selection factors
of Japanese larch progenies/provenances. The
complementary studies on Japanese larch progenies/
provenances wood quality, including shrinkage

Table 6. Multiple comparisons tests of corrected oven-dry
density from 20 progenies/provenances of Japanese larch.

Progeny/provenance Corrected oven-dry density—standard samples (kg/m3)

7280 447 A
7278 441 A B
7283 435 A B C
8939 435 A B C
7279 428 A B C
8957 423 A B C D
8964 423 A B C D
8944 422 A B C D
7794 420 A B C D
8934 419 A B C D
7795 419 A B C D
8904 419 A B C D
8936 417 A B C D
8962 413 B C D E
8927 411 B C D E
8948 411 C D E
8907 405 C D E
8952 398 D E
7290 396 D E
6689 386 E

Means followed by the same letter are not significantly different at 5%
probability level.
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and mechanical properties, will give additional
criteria for a more effective selection in terms of
the requirements of the final wood product.

CONCLUSIONS

Japanese larch basic density obtained from the
wedges showed a significant variation with the
stem height. Density was higher at 0.4 m than at
2.75 m in height. The progeny/provenance effect
was not significant, neither for wedge nor standard
samples densities. However, once standard sam-
ples densities were corrected for the mass of hot-
water extractives, the progeny/provenance effect
became significant. Therefore, corrected densities
would be more adequate for a density differenti-
ation of lignocellulosic material among progenies/
provenances. Hot-water extractive content was also
significantly affected by the progeny/provenance,
although the material for this study could consider
all juvenile wood. Early selection of Japanese larch
progenies/provenances in improvement programs
could consider corrected densities and extractive
content to meet specific industry end uses appro-
priately. Ongoing studies on the same material,
including mechanical properties and dimensional
stability, will provide further information for the
selection of the best progenies/provenances.
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Saranpää P (2003) Wood density and growth. Pages 87-117
in Barnett JR and Jeronimidis G, eds. Wood quality and its
biological basis. Blackwell, Oxford, UK.

Spångberg K, Nylinder M (1997) Development of a method
for sorting Picea abies pulpwood with respect to basic
density. Scand J Fr Res 12(1):65-69.

Srinivasan U, Ung T, Taylor A, Cooper PA (1999) Natural
durability and waterborne preservative treatability of
tamarack. Forest Prod J 49(1):82-87.
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