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Larix kaempferi (Lamb.) Carrière
Japanese larch

• Endemic to central Japan 

• Used in plantation forestry 
in northern and high 
elevation areas in Japan 
(especially in Hokkaido, 
Iwate, Nagano)

• Also introduced to Europe



Newly planted area 2010FY

Cryptomeria japonica

Chamaecyparis obtusa

Pinus spp

Larix kaempferi

Other conifers

Hardwoods

Larch has become 
the second most planted

 in Japan (21%)

Source: Forestry Agency (accessed 19 August 2012)
http://www.rinya.maff.go.jp/j/kikaku/hakusyo/23hakusyo/pdf/sankoufuhyou.pdf
http://www.rinya.maff.go.jp/j/kokuyu_rinya/tokei/pdf/5-2.pdf

http://www.rinya.maff.go.jp/j/kokuyu_rinya/tokei/pdf/5-2.pdf
http://www.rinya.maff.go.jp/j/kokuyu_rinya/tokei/pdf/5-2.pdf


0

5000

10000

15000

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Chamaecyparis obtusa

Cryptomeria japonica

Other conifers

Hardwoods

Larix kaempferi

Larix kaempferi

Pinus spp

Trend in newly planted area (reforestation)

Financial year

A
re

a 
(h

a)

Source: Forestry Agency (accessed 19 August 2012)
http://www.rinya.maff.go.jp/j/kikaku/toukei/pdf/mokuzi_2.pdf
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http://www.rinya.maff.go.jp/j/kokuyu_rinya/tokei/pdf/5-2.pdf
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Larix kaempferi (Lamb.) Carrière
Japanese larch

✓Expected species

Fast growth

Tolerant for cold and diseases

Valuable usage

The eldest plantation of Larix kaempferi, Miyota



The use of Larix kaempferi wood

✓Brief characteristics of the wood

○ High stiffness and strength

○ Medium durable

× Sometimes severe spiral grain

× Surface texture of wood: relatively rough



The use of Larix kaempferi wood
Construction member

Yamabiko Dome, Matsumoto
In Larix 2004

Saitoh Timber,  Nagawa
In Larix 2004



The use of Larix kaempferi wood
Pallet

Pile of timber for pallet
Hokkaido



The use of Larix kaempferi wood

Traditionally

Post
Pallet

Package
Solid construction
Material for civil 

engineering

Recently

Pallet
Glulam

Veneer (plywood)
Solid interior



The use of Larix kaempferi wood
Interior

Wada elementary school, Nagawa, in Larix 2004

Usage for construction and interior Also for exterior

Desk and chair



The use of Larix kaempferi wood

Traditionally

Post
Pallet

Package
Solid construction
Material for civil 

engineering

Recently

Pallet
Glulam

Veneer (plywood)
Solid interior

Durability and appearance are most required

Heartwood



Heartwood of Larix kaempferi

✓Heartwood characteristics

• High volume percentage ⇔ narrow sapwood

• Narrow intermediate wood (transition zone)

• Heartwood substance --arabinogalactan, taxifolin

• Dry heartwood

• Heart-rot



Narrow sapwood
in Larix kaempferi

Pinus densiflora

Abies firma

Cryptomeria japonica

Picea jezoensis

Pinus parviflora
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Chamaecyparis obtusa

Abies sachalinensisRelationship between trunk 
diameter and sapwood ratio 
(area base percentage)
Data from Yazawa (1963)
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Narrow sapwood in Larix kaempferi
= much heartwood

71

For provenance trials, a parameter comparable to a broad-
sense heritability was computed as in (1) following NANSON

(1970). It represents the reproductible part of the total vari-
ance attributed to the mean population effects in panmictic
conditions.

Standard errors of heritabilities were computed as suggested
by ANDERSON and BANCROFT (1952).

Results and Discussion

1) Genetic variability and heritability

a) At the provenance level (European and Japanese larch)

At 34 years of age, the proportion of heartwood is very high
and reaches 71% in European larch for trees of over 19 cm on
average in diameter under bark; it is even greater in Japanese
larch for which heartwood represents 80% (Table 2); the num-

ber of sapwood rings for the latter is around 9. As indicated by
HAKKILA and WINTER (1973), Japanese larch appears to produce
the highest proportion of heartwood among larch species.

Highly significant differences among provenances are observ-
ed for all traits in European larch but not in Japanese larch.
For European larch, heartwood proportion ranges from 60% to
76% and tends to increase from the SW to the NE of the native
range (Figure 1). South-western alpine larch origins (e.g. origin
numbers 22, 23, 24, 26 in Figure 1) show a lower heartwood
proportion than interior, northern and eastern alpine ones (e.g.
3, 7, 11), which themselves have less heartwood than Sudetan
mountains (e.g. 39, 40, 106, 107) or Central Poland (104) popu-
lations. For Japanese larch, variability among provenances is
nearly non-existent (Figure 1). 

For both species, among provenance variability is similar or
even higher for sapwood and heartwood length than for radius

Table 2. – Trait mean and phenotypic and between-provenances coefficients of variation, provenance
component of total variation and its level of significance, and broad-sense heritability (according to
NANSON, 1970) in the European (EL) and Japanese (JL) larch provenances trials.

*,**,*** : F-test for provenance effects significant respectively at a = 5%, 1% and 0.1%
1) not given because of absence of significant provenance effects

Figure 1. – Mean (and SE) heartwood proportion for European and Japanese larch provenances 
(Coat-An-Noz : IUFRO international provenance trials). 
The solid line indicates the trial mean.

Variation in heartwood proportion between provenances
Pâque et al. 2001

Provenance, family, clone 
-effective to heartwood 
amount

JL > EL
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Narrow 
intermediate wood 
in Larix kaempferi

Cryptomeria japonica
IW = 1-2 cm

Larix kaempferi
IW = 1-3 mm
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Narrow sapwood in Larix kaempferi

• Narrow (thin) sapwood

= Larger heartwood (more value added materials)

= Earlier heartwood formation

• Narrow intermediate wood (transition zone) 
between sapwood and heartwood
→Narrowest in conifer



Heartwood substance in Larix kaempferi

✓ Heartwood substances

• Extractives

• Colour, durability

• Species specific

Chemical analysis

About 3 g air-dried wood meal (100–200 mm particle size) was
extracted using the fex IKA 200 solid extractor. Extractions were
carried out with acetone (Carl Roth, 5025.2) for 6 h followed by
another 6-h hot-water extraction. Extractive contents were determined
gravimetrically according to TAPPI T204 om-88 (% based on dry
wood) and water contents according to TAPPI T 264 om-88/8.2.
From acetone extractives (ACE) and hot-water extractives (HWE)
content the total amount of extractives (TOT) was calculated. The
phenol content was determined in the acetone and the hot-water
extracts by means of a modified Folin-Denis assay (Swain and Hillis
1959). The flavonoid taxifolin (3, 30, 40, 5,7-pentahydroxyflavanone)
was used as a standard (Sigma Aldrich, T4512). Analyses of 100 trees
were carried out with four replications on a LKB Biochrom 4060 UV-
VIS spectrophotometer and the mean calculated. The amount of
phenols in the ACE and HWE were summarized as the total amount
of phenolics (PHE). PHE of the remaining samples was estimated by
means of FT-NIR models, as shown in Gierlinger et al. (2002c).

Wood decay tests

Wood decay test were performed according to European Standard
EN113 and EN350. A total of 4,688 larch samples and reference
samples of Pinus sylvestris sapwood were tested. For each tree, 8
samples were inoculated with Poria (= Postia) placenta (Fr.)
Cooke (strain FPRL280) and another 8 samples with Coniophora
puteana (Schum.: Fr.) Karst. (strain FPRL11E). After 16 weeks the
mycelium was removed from the samples prior to drying at 103!C
to weight constancy. The mass loss was calculated and divided by
the mass loss of the pine reference, resulting in a ratio called
“x-value” as suggested in EN 350-1. Data were analysed using
average values of the 8 Poria and 8 Coniophora samples.

Data analysis

The SPSS 10.0.5 software package was used for statistical analysis.
Pearson correlations were employed and due to correlations
between the extractive parameters themselves and between extrac-
tive contents and wood decay, a partial correlation analysis was
also performed. The Partial Correlations procedure computes
partial correlation coefficients that describe the linear relationship
between two variables while controlling for the effects of one or
more additional variables. The one-way ANOVA (analysis of
variance) procedure was used to test the hypothesis that the means
of the investigated groups (age groups, provenances) are equal.
Additionally the Scheff"-test (at a=0.05) was applied to show

which group means differ. UNSCRAMBLER software package
(Version 7.6, CAMO ASA) was used to calculate partial least
squares (PLS) regression models to predict the variation in wood
decay resistance and phenolics by the colour parameters.

Results

A one-way ANOVA revealed significant differences in
the L*a*b* values between species, provenances and sites
as well as between the young trees from plantations and
the old trees from natural stands (Scheff"-test in Table 2).
Colour values of the trees from the same provenances
grown on different sites (Ruda from D, F, B and Zabreh
from F, B) were close together, whereas between trees of
the same site but of different origin or species significant
differences were observed (Table 2). The a*-value
(describing the reddishness of the samples) showed that
Japanese larch (Ina-F) and also the hybrids had a
significant redder hue than the young European larch
trees (Table 2, Fig. 1). Moreover, the old trees from

Table 2 Homogenous subsets of the colour-values L*a*b* apply-
ing the Scheff"-test (subsets for a=0.05) (L*luminosity, a* red/
green axis, b* yellow/blue axis). A description of the samples and

sites is given in Table 1. (Hyb Hybrid, Mont Montgenevre, Bliz
Blizyn, Zabr Zabreh, Lang Langau)

L* a* b*

Hyb-F 73.41 Lang-B 5.58 Lang-B 23.35
Mont-nat 73.67 Ruda-D 5.60 Ruda-D 24.07 24.07
Mont-F 75.11 75.11 Ruda-B 6.23 6.23 Ruda-F 24.14 24.14
Bliz-D 75.83 75.83 Ruda-F 6.70 6.70 Ruda-B 24.39 24.39 24.39
Ina-F 75.88 75.88 Zabr-B 6.72 6.72 Mont-F 24.68 24.68
Hyb-GB 75.95 75.95 Bliz-D 6.94 6.94 6.94 Zabr-B 24.89 24.89
Zabr-F 76.03 76.03 Zabr-F 7.14 7.14 Lang-nat 24.93 24.93
Lang-nat 76.78 76.78 76.78 Mont-F 7.25 7.25 7.25 Ina-F 25.24 25.24 25.24
Zabr-B 77.20 77.20 77.20 77.20 Lang-nat 7.60 7.60 7.60 7.60 Bliz-D 25.49 25.49
Ruda-D 77.47 77.47 77.47 Hyb-GB 8.13 8.13 8.13 Zabr-F 25.61 25.61
Ruda-B 78.38 78.38 Hyb-F 8.25 8.25 8.25 Mont-nat 26.17
Ruda-F 78.45 78.45 Mont-nat 8.59 8.59 Hyb-GB 26.23
Lang-B 79.29 Ina-F 8.99 Hyb-F 26.27
Signifi-
cance

0.347 0.075 0.429 0.380 0.069 Signifi-
cance

0.064 0.060 0.098 0.075 0.053 Signifi-
cance

0.230 0.086 0.055 0.239

Fig. 1 Differences in the colour values a* (red hue) between
European (Eur_young), Japanese and Hybrid larch trees from
plantations and old European larch trees from natural stands
(Eur_old) (*** differences are significant in the Scheff"-test at
a=0.05)

104

natural European larch stands (Mont-nat, Lang-nat) had
higher a*-values than the young trees of the same
provenances grown on plantations (Lang-B, Mont-F)
(Table 2, Fig. 1). The parameter b* corresponds to the
blue to yellow axis and was found to be highest in the
heartwood of the hybrids (Table 2). The wood from Ruda
and Langau-B had the greatest lightness L* and the
lowest a* and b* values (Table 2).

Correlation coefficients between the colour coordi-
nates, extractive contents and the relative decay resistance

(x-values) are listed in Table 3. Significant Pearson
correlations were observed throughout using 293 individ-
ual tree values (Table 3A). From the three colour
variables a* showed the highest correlations with all
parameters, ranging from 0.44 with HWE to 0.84 with
PHE (Table 3A). Correlations based on average values of
the 13 investigated groups, showed higher coefficients, up
to 0.93 between phenols and a* (Table 3B). The strong
relationship, the redder (a*) the heartwood the more
phenolics, is illustrated with all individual samples as well

Table 3 Pearson and partial
correlation coefficients for the
color values L* (luminosity), a*
(red/green axis), b* (yellow/
blue axis), extractive contents
and the average x -value from
wood decay tests. Correlations
were performed using tree val-
ues and averages of the 13
investigated groups (origin-site,
Table 1) (coefficients are sig-
nificant at P >5%, 2-tailed)

Pearson (trees, n =293) Pearson (origin, n =13) Partial (trees, n =293)

L* a* b* L* a* b* L* a* b*

ACE !0.30 0.66 0.30 n.s 0.76 n.s n.s n.s n.s
HWE !0.34 0.44 0.21 !0.63 n.s n.s n.s n.s n.s
TOT !0.34 0.50 0.24 !0.64 0.60 n.s n.s n.s n.s
PHE !0.50 0.84 0.45 !0.66 0.93 0.63 !0.33 0.64 0.29
X 0.44 !0.63 –0.37 0.76 !0.82 –0.70 n.s n.s n.s

Fig. 2A–F Relationships be-
tween red hue (a*) and amount
of phenolics (PHE) (A, B),
between PHE and x (relative
brown-rot decay resistance) (C,
D) and between a* and x (E, F).
On the left side 293 individual
tree values are plotted and on
the right side samples were
averaged according origin and
site (13 groups, see Table 1)
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Gierlinger et al. 2004
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Heartwood 
substance

in Larix kaempferi

Arabinogalactan Fig from Mano et al. (2007)

Taxifolin Fig courtesy of Prof Imai, Nagoya Univ.

★Two major extractives in Larix

• Arabinogalactan

• Taxifolin

‣ Almost all are in heartwood
O 

OH 

OH 

OH 
OH 

HO 
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Arabinogalactan

Arabinogalactan Fig from Mano et al. (2007)
✓ Arabinogalactan

• Polymer of arabinose and galactose

• Polysaccharide -- one of hemicellulose (?)

• Genus Larix contains much arabinogalactan in 
heartwood

• L. kaempferi heartwood contains 5-7% 
arabinogalactan

• Water soluble

• Use as one of gums

• Moisture retaining, antifreeze, thickening agent for 
food (adding viscosity), immunotherapy

• Minus effects to pulping, plywood usage for 
concrete

Supplement
http://www.jarrow.com/product/296/Larix_1000

Soap
http://www.hepco.co.jp/corporate/company/group/group-

associa.html

http://www.jarrow.com/product/296/Larix_1000
http://www.jarrow.com/product/296/Larix_1000
http://www.hepco.co.jp/corporate/company/group/group-associa.html
http://www.hepco.co.jp/corporate/company/group/group-associa.html
http://www.hepco.co.jp/corporate/company/group/group-associa.html
http://www.hepco.co.jp/corporate/company/group/group-associa.html


Arabinogalactan
in Larix kaempferi
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Pith HW/SW boundary

Clonal variation in arabinogalactan content Inter-tree variation in radial distribution
in arabinogalactan content

Aoyama 2010



Taxifolin

Taxifolin Fig courtesy of Prof Imai, Nagoya Univ.

✓ Taxifolin

• A flavonol (a precursor of quercetin)

• Genus Larix contains much taxifolin in heartwood

• L. kaempferi heartwood contains 3-4% taxifolin

• Methanol soluble

• Absorbent and deodorising especially for ammonium → ammonized treatment makes 
larch wood stabilise for discolouration http://www.fpri.hro.or.jp/yomimono/biomass/ingredient/taxifolin.html

• Antioxidant, anti-reactive oxygen, lower toxic than quercetin, potentially a cancer 
inhibiter

O 

OH 
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OH 
OH 

HO 

O 

Supplement
http://valdevir.com

http://www.super-smart.eu

http://www.fpri.hro.or.jp/yomimono/biomass/ingredient/taxifolin.html
http://www.fpri.hro.or.jp/yomimono/biomass/ingredient/taxifolin.html
http://www.jarrow.com/product/296/Larix_1000
http://www.jarrow.com/product/296/Larix_1000
http://www.jarrow.com/product/296/Larix_1000
http://www.jarrow.com/product/296/Larix_1000


Taxifolin
in Larix kaempferi 1425 カラマツ樹幹のフェノール成分( 笹谷)

9.3m 
5.3 m  
103m 

H O斡伊
(%) 
2.0 

1.5 

1.0 

0.5 

制ロむ一宇回。
U

H， 4
 

MH 
H， H2  HI 52 51 Bi B。

Bo :  outer bark; B，: inner bark; S: sapwood; H :  heartwood 
Fig.6. Distribution of taxifolin in CToss.sections. 

(%)・

Taxifolin( 1  )  Katsuranin (II) Quercetin (lII) Cat帥 in(IV) Afzelechin (V) 

Height (m) 1.3 5.3 9.3 1.3 5目3 9.3 1.3 5.3 9.3 1.3 5.3 9.3 1.3  5.3 9.3 

Outer bark B， 。ω5 0.030 0.022 0.069 0.030 0.033 
Inner bark B， 0.240 0.350 0.590 0.022 0.013 0.013 
5apwood 51 0.001 

52 0.09 0.07 0.13 0.0ω 
H曲目wood HI 1.49  1.57 lω o.ω3 O.ω4 0.001 0.005 o.ωl 

H2  1.85 1.40  0.49  0.001 O.∞2  0.002 0.001 
H， 0.90 0.25 0.26 o.∞4  0.002 0.008 0.016 0.002 
H. 0.85 0.18 0.003 0.004 0.0ωo.∞2  

H， 0.31 0.005 0.016 

Table 2. Flavonoids in diethyl ether soIubles 

•. percentage on a  wood basis 

また， taxifolinの木部半径方向での分布は EtOH 抽出物および diethyl ether可溶部の分布の
カラマツ抽出物の分布の傾向に強〈影響していることを示した。一方，挙動とよく一致し，

katsuranin 11 は 0.001 %  -0.005 %， quercetin 11 は 0.001 %-0.016 % の範囲で堆積し，辺・
これら 2種の化合物は極めて微量であり，

diethyl ether可溶部は taxifolin によって代表されるといって過言でない。
taxifolinの構造は katsuraninの B 環に 1つの隣接水酸基が導入された構造である。

心材での分布の特徴を認められない (Table 2)。

フラ
ボノイド B 環における水酸基の導入は酵素が関与する水酸基置換反応が提案されている9)。

Taxifolin distribution within a trunk
Sasaya 1987

• Sapwood -only trace

• Heartwood -abundant

• More at outer position

• Centre of trunk contains small amount



Heartwood substance in Larix kaempferi

• Link with durability and colour

• Two major extractives

• Easy to extract

• Usefulness

• Within tree variation



Dry heartwood
of Larix kaempferi

Species Moisture content (%)
Sapwood Heartwood

Thujopsis dolabrata 154.9 30.5
var. Hondae

Chamaecyparis obtusa 153.3 33.5
Pinus densiflora 173.3 33.7
Chamaecyparis pisifera 154.5 38.3
Picea jezoensis 169.1 40.6
Larix  kaempferi 127.5 40.8
Thuja japonica 208.6 56.9
Abies firma 170.3 60.1
Cryptomeria japonica 165.1 72.4
Abies sachaliensis 211.9 76.1
Cryptomeria japonica 148.0 113.1

Moisture content of conifers (from Yazawa 1964)

M.C. is expressed by oven-dry basis

✓ Larch heartwood

• generally, MC is around 40%, a bit 
higher than fibre saturation point

• In general, information is limited



Compare -- dry heartwood and wetwood
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Momi, Japanese fir (Abies firma)

IAWA Journal, Vol. 27 (3), 2006322 323Nakada — Water distribution in conifer stemwood

    In Taxodium distichum var. nutans (Fig. 6), Metasequoia glyptostroboides (Fig. 7) 

and Abies firma (Fig. 11, 0.4 and 1.3 m), radial checks appeared in the sections (black 

radial lines in Fig. 6 & 7). In T. distichum var. nutans ring-shakes were also observed 

(Fig. 6, black tangential lines around pith). In T. distichum, radial water streaks were 

observed in heartwood (Fig. 5, arrowheads). These streaks followed the directions of 

knots. In other species with wetwood, the effects of branches or knots on water distri-

bution in the stems were not obvious.

Differences in water distribution between sampling heights and between trees within 

a species

    In Chamaecyparis obtusa, a species without wetwood, little difference can be seen 

in water distribution between sampling heights of the specimens in the stems (Fig. 4). 
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Fig. 11. X-ray photographs and the radial distribution of green moisture content for species with 
wetwood. – See the legend of Fig. 1–3. – Abies firma showing differences between sampling 
heights above the ground in water distributions. Moisture content was measured only for the 
specimen taken from 1.3 m above the ground. – The numbers on the right show the section height 
above the ground (m). – 0.4 m, 40 rings; 1.3 m 34 rings; 6.0 m, 24 rings; 10.0 m 12 rings. – Black 
radial lines around the pith at 0.4 and 1.3 m are radial checks or cracks in the sample.

Momi, Japanese fir (Abies firma)

Douglas fir (Pseudotsuga menziessii) 

Radial variation of m.c.X-ray photo



Dry heartwood
of Larix kaempferi

Family Genus Wetwood
appearance

Cupressaceae Cupressus -
Chamaecyparis -
Thujopsis -
Thuja ±
Juniperus -

(Taxodiaceae) Cryptomeria +
Taxodium ±
Cunninghamia +

Sciadopityaceae Sciadopitys ?
Pinaceae Pinus  (Diploxylon) -

Pinus  (Haploxylon) +
Larix ±
Pseudotsuga -
Picea ±
Abies +
Tsuga +

Araucariaceae Araucaria ?
Agathis ?

Podocarpaceae Podocarpus ?
Cephalotaxaceae Cephalotaxus ?
Taxaceae Taxus ?

Torreya ?

+: present
-: not present
±: occasional
?: no record

✓ In genus Larix

• In L. occidentalis and L. laricina, 
wetwood occurrence is “scattered 
prevalence”, of which “wetwood will 
develop on some sites and not on 
other sites...” (Ward and Pong 1980)

• In L. kaempferi, wetwood occurrence 
is very occasionally, with very small 
wet-area (Nakada unpublished)



X-ray photo

Dry heartwood of Larix kaempferi

✓ L. kaempferi water distribution

• Black part means water 
absence; white part means 
water presence 

• Sapwood: mostly water 
saturated

• Heartwood: earlywood is dry 
and the intertracheid pits are 
aspirated tightly –good for 
drying but permeability is low



Potential heart-rot in Larix kaempferi



Potential heart-rot in Larix kaempferi
✓ Reports on heart-rot 

• 8.2 % (1.1-14.1) trees are infected (486 stands in Hokkaido, 15-50 yr old) 
(Yamane et al. 1990)

• 20.8 %(0-60) trees are infected (26 stands in Nagano, 28-70 yr old), only 
>1000 m, infertile > fertile (Okada et al. 2002)

• 29.7 % in a 50 yr old stand (Nagano),  tree vigour affects to infection (better 
grown tree was not infected) (Ogawa et al. 2007)

✓ Pathogen –brown-rot fungus

• Phaeolus schweinitzii –kaimen-take

• Sparassis crispa –hanabira-take

• Oligoporus balsameus –renge-take

Okada et al. 2002, Wikipedia, Weblio
Renge-takeHanabira-takeKaimen-take



• Serious problem in forestry

• Genetic improvement

• Heartwood durability

Potential heart-rot 
in Larix kaempferi

amount of arabinogalactan better than HWE, which
included a part of the PHE. Subsequent correlation
analysis was therefore focused on the PHE and NOT
PHE relationships only. These two parameters were quite
strongly associated with correlation coefficients ranging
between r =0.51 and r =0.70 according to origin (Table 3).
Relationships between extractive-free lignin (LIGexf) and
PHE amounts were evident within the Japanese prove-
nance Ina (r =0.48*) and within the alpine European larch
Montgen!vre (r =0.62*); no significant correlations were
observed between LIGexf and NOT PHE (Table 3). PHE
amounts were strongly correlated with the mass loss after
P. placenta decay (r ="0.75 to "0.87) and after decay by
C. puteana (r ="0.63 to "0.88, Table 3). Regression lines
were less steep with P. placenta (Fig. 2A, B) compared to
C. puteana, because the mass loss with P. placenta was
less variable and distributed within a smaller range
(Fig. 3). It was interesting to see that compared with P.
placenta the average mass loss after C. puteana attack
was consistently higher in the three European larch
origins, but lower in Japanese larch (Fig. 3). It may be
concluded that PHE content within origins was strongly
correlated to decay-resistance for both fungi, but P.
placenta results were less variable and seem to be less
sensitive to variations in the PHE content compared to C.
puteana. The amount of non-phenolic substances (NOT
PHE) was also significantly correlated to the mass loss
after wood decay (r ="0.61 to "0.72, Table 3). Although
extractives are inter-correlated, it is suggested that the
NOT PHE component has a direct effect on decay
resistance, because coefficients of correlations are of the
same size or in some cases higher than those with PHE
and NOT PHE (Table 3). LIGexf only showed significant

Table 3 Pearson correlation
coefficients across (overall) and
within the investigated origins
between phenolic substances
(PHE % of dry weight), non-
phenolic substances (NOT PHE
% of dry weight), lignin (LIG
exf % of extractive free, dry
wood) and mass loss (g) after
wood decay (**significant at
the 0.01 level, *0.05 level)

PHE NOT PHE LIG_EXF MASS LOSS P. placenta

NOT PHE
Overall 0.512** 1
Ina 0.698** 1
Mont 0.633* 1
Ruda 0.515* 1
Zabr 0.632** 1

LIG_EXF
Overall 0.446** 0.159 1
Ina 0.479* 0.319 1
Mont 0.622* 0.219 1
Ruda 0.080 0.149 1
Zabr 0.008 "0.075 1

MASS LOSS P. placenta
Overall "0.825** "0.638** "0.297** 1
Ina "0.870** "0.724** "0.367 1
Mont "0.755** "0.636* "0.395 1
Ruda "0.840** "0.644** "0.076 1
Zabr "0.758** "0.721** "0.086 1

MASS LOSS C. puteana
overall "0.811** "0.613** "0.420** 0.760**
Ina "0.883** "0.631** "0.448* 0.724**
Mont "0.632* "0.719** "0.446 0.753**
Ruda "0.668** "0.607** "0.244 0.635**
Zabr "0.777** "0.713** "0.138 0.818**

Fig. 2 Scatterplots between mass loss (g) after Poria placenta (A)
and Coniophora puteana (B) attack and the amount of total
phenolics (PHE)
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Larix kaempferi 
– as a model species

for the study of heartwood formation 
in conifer

✓Heartwood characteristics

• Relatively thin sapwood 

• Narrow intermediate wood

• Deciduous

• Heartwood substance 

• Dry heartwood

➡Earlier investigation 

➡Easier observation of change 

➡Easy determination of phenology 

➡Different from other species  

➡Different from other species 



Towards understanding 
heartwood formation in conifer

✓A heartwood formation research programme is on going

• Larix kaempferi and Cryptomeria japonica

- Histochemical visualisation of the process of ray parenchyma cell death

- Histochemical in-situ localisation of heartwood substance

- Non-destructive measurement of stem water movement

- Dynamics of the deposition of phenolics on cell wall

Ryogo Nakada, FTBC-FFPRI 
Yuzo Sano, Hokkaido University
Katsushi Kuroda, FFPRI
Yoki Suzuki, FFPRI
Ryo Funada, TUAT
Satoshi Nakaba, TUAT
Takanori Imai, Nagoya University


