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Research Institute 2004). Thus, wood moisture content is 
of concern to foresters, wood processors, and users at 
every stage from standing trees to the service performance 
of various wood products.  
　　Living trees contain a large amount of water in their 
stems, because they transport water from the soil to their 
leaves via their stems, and also store some water in their 
stems (Tyree & Zimmermann 2002). Previous studies 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

１．Introduction 
 
　　Wood moisture strongly affects wood quality 
characteristics, including physical and mechanical 
properties, dimensional stability, machining, drying 
performance, adhesion properties, durability, burning 
characteristics, and transport efficiency (e.g., Watanabe 
1978 ; Fushitani et al. 1989; Forestry and Forest Products
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Green moisture content and basic density of 95 woody species growing in 
Kyushu University Forests, Japan
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　We investigated the green moisture content and basic density of 95 woody species growing in Kyushu University Forests. 
In softwood species, the green moisture content of heartwood ranged from 28％ in Cryptomeria japonica to 67％ in Abies 
firma, and in sapwood, from 75％ in Tsuga sieboldii to 160％ in Cryptomeria japonica. The green moisture content of 
softwood trees was greater in sapwood than heartwood. The green moisture content in the heartwood of hardwood species 
ranged from 34％ in Euonymus alatus f. striatus to 83％ in Kalopanax pictus, and in sapwood, from 45％ in Fraxinus 
sieboldiana to 153％ in Actinidia polygama. We found three radial variation pattern types in stems of hardwood species. 
The green moisture content was higher in heartwood than sapwood, in the first type, whereas in the second, it was higher in 
sapwood than heartwood. In a third type, differences between heartwood and sapwood were relatively small. The basic 
density of softwood species ranged from 378 kg/m3 in Cryptomeria japonica to 524 kg/m3 in Tsuga sieboldii. Most trees 
tended to decrease in basic density from corewood to outerwood. Basic density in hardwood species ranged from 266 kg/m3 
in Paulownia tomentosa to 751 kg/m3 in Rhaphiolepis indica var. umbellata. We identified three types of radial variation 
pattern in stems of hardwood species. In the first type, basic density was higher in corewood than outerwood, whereas in 
second, it was higher in outerwood. In the third type, differences between corewood and outerwood were small. We also 
provided the information on the age and size of heartwood formation.   
Keyword：green moisture content; basic density; Kyushu University Forests; Japan 
 
　国内に生育する樹木の木材性質に関するデータベースを作成する一環として，九州大学演習林（北海道演習林，宮崎
演習林，福岡演習林）に生育するつる性木本植物3樹種を含む95樹種の生材含水率および容積密度数を測定した．針葉
樹の生材含水率は辺材が心材より常に大きく，心材ではスギの28％からモミの67％の範囲にあり，辺材ではツガの75％
からスギの160％の範囲にあった．一方，広葉樹の生材含水率は，心材ではヌルデの34％からハリギリの83％の範囲にあ
り，辺材ではアオダモの45％からマタタビの153％の範囲にあった．樹幹半径方向の生材含水率のバラツキについては，
辺材よりも心材が高いタイプ，心材よりも辺材が高いタイプ，心材と辺材にほとんど差がないタイプの３タイプが認め
られた．針葉樹材の容積密度数は，スギの378 kg/m3からツガの524 kg/m3の範囲にあり，樹幹半径方向の変動では，中
心部が外周部よりも高かった．広葉樹材の容積密度数は，キリの266 kg/m3からシャリンバイの751 kg/m3の範囲にあり，
樹幹半径方向の変動では，外周部よりも中心部が高いタイプ，中心部よりも外周部が高いタイプ，中心部と外側部にほ
とんど差がないタイプの３タイプが認められた．最後に心材形成を開始する樹齢やサイズに係わる情報について記載した． 
キーワード：生材含水率，容積密度数，九州大学演習林，日本 
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to cool temperate forest, i.e., Kasuya Research Forest, 
Shiiba Research Forest, and Ashoro Research Forest 
(Table 1 and Fig.1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
　　We sampled two to four trees for each of 95 species 
from three sites, comprised of five softwood species and 90 
hardwood species. A total of 204 trees were cut down 
during July and August between 2003 and 2006, i.e., 35 
species in Kasuya Research Forest, 58 species in Shiiba 
Research Forest, and nine species in Ashoro Research 
Forest. Table 2 shows species name, age, height, and 
diameter at breast height (DBH) for the trees sampled. 
DBH, tree height, and tree age ranged from 1 cm to 10 cm, 
2 m to 12 m, and one year to 123 years, respectively.  
　　We cut a short log (about 20 cm length) at breast 
height from each sample tree and vaseline was applied 
immediately to the cut sections at both ends, to prevent 
desiccation. Logs were wrapped in plastic and taken to the 
laboratory. A wood disc (3 cm thickness) was cut from the 
middle of each log immediately samples arrived in the 
laboratory. A wedge spanning from pith to bark was 
removed from the wood disc. The wedge was separated 
into inner sapwood and outer sapwood. If the wedge 
contained colored heartwood, it was separated into 
heartwood and sapwood based on visual demarcation. The 
heartwood and sapwood blocks were then separated into 
inner and outer sections. We did not separate the 
intermediate wood, which was usually recognized as a pale 
colored zone between the sapwood and heartwood. If 
heartwood was found in the stem, we regarded heartwood 
and sapwood as corewood and outerwood, respectively. 
When heartwood was not present in the stem, inner 
sapwood and outer sapwood were regarded as corewood 

reported wood moisture content (green moisture content)  of 
living trees growing in Japan. For example, Yazawa et al. 
(1965) reported interspecies variation in green moisture 
content distribution in the stems of nine hardwood species. 
Nakada (2006) investigated water distribution in the stems of 
11 softwood species. Kawazumi et al. (1991) and Nakada et al. 
(1999) reported intraspecies variation in green moisture 
content in the stems of Cryptomeria japonica. Previous 
studies also have reported seasonal variations in Fagus crenata 
(Yazawa 1960), and Fraxinus mandshurica var. japonica, 
Ulmus davidiana, and Populus maximowiczii trees (Yazawa 
& Ishida 1965). Kano (1987), Miyajima (1992), and Forestry 
and Forest Products Research Institute (2004) documented the 
green moisture content for 27 species (14 softwood species and 
13 hardwood species), 25 species (9 softwood species and 16 
hardwood species), and 15 species (9 softwood species and 6 
hardwood species), respectively. However, previous reports 
were mainly focused on commercial woody species. Thus, data 
from many woody species are required to determine green 
moisture content in various woody species growing in Japan. 
These data should be supplemented with additional information, 
because green moisture content varies with a number of factors, 
e.g., seasons, site conditions, geographical locations, inter-tree 
variation, and intra-tree variation (Gibbs 1958; Yazawa 1960; 
Forestry and Forest Products Research Institute 2004).  
　　Wood density (or specific gravity) is an important 
characteristics of wood, which is strongly correlated with 
physical properties, mechanical properties, burning 
characteristics, biomass, and carbon stocking (Watanabe 1978; 
Zobel & van Buitjenen 1989; Zhang 1997; Niklas 1997; Forestry 
and Forest Products Research Institute 2004). There are many 
previous investigations of wood density. Basic density data for 
woody species growing in Japan are summarized and listed in 
several reports and books (Nakai & Yamai 1982; Forestry and 
Forest Products Research Institute 2004). However, as with 
green moisture content, these data were mainly focused on 
commercial woody species. Data from many wood species are 
required to determine the basic density of various woody 
species growing in Japan. These data should be supplemented 
with additional information, for the same reasons as noted for 
variability in moisture content (Zobel & van Buitjenen 1989).  
　　We aimed to provide data on green moisture content and 
basic density for 95 woody species, including three woody 
lianas, which were investigated in Kyushu University Forests 
between 2003 and 2006, as part of a project to develop wood 
properties database.  
 
 

２．Materials and methods 

　　Wood samples were collected from three Kyushu 
University sites, which ranged from warm temperate forest

Fig.1  Location of sampling site



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
　　It is well known that the green moisture content of 
softwood species is generally high in sapwood and low in 
heartwood (e.g, Fushitani et al. 1989). However the 
heartwood of some species also has high moisture content, 
including Cryptomeria japonica and Abies sachalinensis 
(Kano 1987; Kawazumi et al. 1991; Nakada et al. 1999; 
Forestry and Forest Products Research Institute 2004; 
Nakada 2006). Our study found that the green moisture 
content of sapwood was higher than that of heartwood in 
all softwood trees. The heartwood of Abies firma (tree 
no.2) had a higher moisture content than all other 
softwood trees.  
　　Our study also showed that the green moisture 
content of outer sapwood was higher than that of inner 
sapwood in all softwood trees. This result may be 
attributable to intermediate 
wood, because we did not separate intermediate wood from 
the sapwood and heartwood. Further investigations testing 
the separation of intermediate wood from sapwood and 
heartwood are required. 
　　Only 25 tree samples from 12 heardwood species 
contained heartwood. Average green moisture content in 
heartwood ranged from 34％ of Euonymus alatus f. 
striatus to 83％ in Quercus crispula. The minimum and 
maximum values for individual tree were 30％ in Rhus 

javanica var. roxburghii (tree no.57) and 90％ in 
Kalopanax pictus (tree no.32). Average green moisture 
content of sapwood ranged from 45％ in Fraxinus 

sieboldiana to 153％ in Actinidia polygama. The 
minimum and maximum values for individual trees were 45
％ in Fraxinus sieboldiana (tree no.27) and 159％ in 
Actinidia polygama (tree no.15). 
　　The difference in green moisture content between the 
heartwood and sapwood was relatively small in hardwood 
species (2％ to 46％) compared with softwood species (31% 
to 95％). This result agreed with previous reports (Kano  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
and outerwood, respectively. We measured the green 
weight and volume of each block were measured before 
reweighting after drying the blocks in a 105°C oven until 
constant weight. Green volume was determined by the 
water displacement method.  
　　Green moisture content (GMC) was calculated using 
formula 1. 
 
　　                                                        

　　　              
(1) 

 
　　Basic density (BD) was calculated using formula 2. 
 
 

　　　　　　                          
 (2)
 

  
 
 
 

３．Results and discussion 

　　Table 3 shows the green moisture content and basic 
density values of heartwood and sapwood for each sample 
tree.  
 
3. 1. Green moisture content  
　　Average green moisture content for heartwood in 
softwood species ranged from 28％ in Chamaecyparis 

obtusa to 67％ in Abies firma. The minimum and 
maximum values for individual trees were 28％ in 
Chamaecyparis obtuse (tree nos. 3 & 4) and 95％ in Abies 

firma (tree no. 2), respectively. Average green moisture 
content for sapwood ranged from 75％ in Tsuga sieboldii 
to 160％ in Cryptomeria japonica. The minimum and 
maximum values for individual tree were 28％ in Tsuga 
sieboldii (tree no. 14) and 202％ in Cryptomeria japonica 
(tree no. 8).

Green moisture content and basic density of woody species 35

GMC(％)＝　　　　　　　　　　　　　　　　　×100
Green weight(g)－Over dry weight(g)

Oven dry weight(g)

BD(kg/m3)＝　　　　　　　　　　　　 
Oven dry weight(kg)
Green volume(m3)
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Zanthoxylum ailanthoides (tree no. 191) and 751 kg/m3 
in Rhaphiolepis indica var. umbellata (tree no. 163). 
　　Numerous reports indicate that basic density varies 
with radial variations from the pith to bark in the stem of 
woody species (Fushitani et. al. 1989; Zobel & Sprague 
1998). In all but one of softwood trees (tree no.1), basic 
density tended to decrease from corewood to outerwood. 
We observed three types of radial variation patterns in the 
basic density of hardwood species. In the first type, basic 
density was higher in corewood than outerwood (e.g., 
Kalopanax pictus and Maackia amurensis subsp. 
buergeri). In the second type, basic density was higher in 
outerwood than corewood (e.g., Betula grossa and Litsea 

acuminata). Only small differences in the basic density of 
corewood and outerwood were detected in the third type 
(e.g., Magnolia obovata and Dendropanax trifidus). 
Further basic density data are  required to determine radial 
variation patterns for each species. 
 

3. 3. Information on the age and size of heartwood 

3. 3. formation 

　　It is well known that heartwood formation begins after 
trees reach a certain age or size (Watanabe 1978). However, 
there is little information on the starting size and age of 
heartwood formation for woody species growing in Japan. 
We derived data on the age and size of heartwood 
formation from the presence or absence of heartwood 
(Table 3), tree age and DBH (Table 2). Heartwood was 
observed in the stems of three species of five softwood 
species (16 trees) and 12 of 90 hardwood species (26 trees). 
Among the softwood species, the smallest size and ring 
number (cambial age) for a stem containing heartwood was 
6 cm and seven growth rings in Chamaecyparis obtuse 
(tree no. 3). Among the hardwood species, this was 4 cm in 
Euonymus alatus f. striatus (tree no. 104) and seven 
growth rings in Rhus javanica var. roxburghii (tree 
nos.55, 56 and 57). In contrast, the largest size and ring 
number for a hardwood species stem containing no 
heartwood was 9 cm in Chamaecyparis obtuse (trees no. 
6) and 11 growth rings in Pinus densiflora (tree no.11), 
whereas among the hardwood species, this was 10 cm in 
Ilex crenata var. fukasawana (tree no.120) and 80 growth 
rings in Fraxinus sieboldiana (tree no.27). 

1987; Fushitani et al. 1989).  
　　Yazawa et al. (1965) studied radial variation in green 
moisture content in the stem of nine hardwood species and 
reported three types of distribution pattern. In the first 
type, the moisture content was higher in the heartwood 
than sapwood. In the second type, the moisture content 
was higher in the sapwood than in heartwood. In the third 
type, only small differences in moisture contents were 
detected in the sapwood and heartwood. We found the 
following species belong to the first type: Castanea 

crenata, Fraxinus mandshurica var. japonica, 

Kalopanax pictus, Maackia amurensis subsp. buergeri, 

Phellodendron amurense, and Quercus crispula. Rhus 

javanica var. roxburghii and Euonymus alatus f. striatus 
were of the second type, whereas Morus australis 
belonged to the third type. The attribution of Fraxinus 

mandshurica var. japonica to type 1 agreed with the 
results of Yazawa et al. (1965), but our classification of 
Morus australis as type 3 was not agreement.  
　　The outer sapwood had a higher green moisture 
content than the inner sapwood in the majority of the 173 
hardwood trees tested. This finding may be attributed to 
the fact that the region involved in water transport does not 
include the entire sapwood in broad-leaved species 
(Umebayashi et. al. 2007; 2010). 
　　Our study was limited by the short sampling season 
(July to August) and limits on sampling, i.e., low sample 
number per species, small tree size, and restriction of tree 
sampling mainly to Kasuya Forest and Shiiba Forest. 
Further green moisture content data collection is required. 
 

3. 2. Basic density  
　　The basic density of whole stems showed large 
interspecies variations, especially in hardwood species. In 
softwood species, the mean basic density ranged from 378 
kg/m3 in Cryptomeria japonica to 524 kg/m3 in Tsuga 

sieboldii. The minimum and maximum values for individual 
trees were 326 kg/m3 in Cryptomeria japonica (tree no. 8) 
and 536 kg/m3 in Tsuga sieboldii (tree no. 13). In contrast, 
the mean basic density of hardwood species ranged from 
266 kg/m3 in Paulownia tomentosa to 725 kg/m3 in 
Rhaphiolepis indica var. umbellata. The minimum and 
maximum values for individual trees were 251 kg/m3 in 


















