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Abstract Relat ions  be tween  various extracted basic densi- 
ties and wood chemical  components  were invest igated by 
their  within- tree variat ions in Eucalyptus globulus for assis- 
tance in the predic t ion  of the proper t ies  of wood or wood-  
der ived products.  Ext raneous  compounds  affect the 
relat ions be tween  various basic densities and wood chemi- 
cal components  such as holocel lulose and the lignin 
syringyl/guaiacyl ratio. W e  also discuss the relat ion of 
various densities,  the molar  composi t ion of neutra l  sugars 
constituting hemicellulose,  and fiber morphology.  

Key words Relat ions  - Ext rac ted  basic densities - W o o d  
chemical  components  • With in- t ree  var ia t ion • Eucalyptus 
globulus 

Introduction 

W o o d  density is one of the key proper t ies  for wood end- 
usage. 1'2 Ext rac ted  wood density has been  examined for 
trees, 3'4 as the es t imat ion of wood  mechanical  and pulp 
proper t ies  are somet imes  mislead by wood density because 
of the presence of ext raneous  c o m p o u n d s Y  However ,  
lumber  is manufac tured  from one individual,  and such an 
investigation should be pe r fo rmed  within trees. W e  re- 
por ted  previously on the effect of ext raneous  compounds  
on the basic densi ty in Eucalyptus camaldulensis trees. 6 Al -  
though E. globulus has a lower content  of ext raneous  com- 
pounds  than E. camalduIensis, 7 the effect of the small 
amount  of these components  on the relat ions be tween  vari- 
ous extracted basic densities and wood  components  should 
be investigated. 

In this paper ,  we examine the effect of extraneous  com- 
pounds  on the relat ions be tween  various basic densities and 

T. Ona ( ~ )  • T. Sonoda - K. Ito. M. Shibata 
Kameyama Research Center, Forestry Research Institute, Oji Paper, 
Kameyama, 519-0212, Japan 
Tel. +81-5958-5-0122; Fax +81-5958-5-1528 

wood chemical  components  by their  within-tree variat ions 
in Eucalyptus globulus. 

Materials and methods 

Materials  

Two 14-year-old E. globulus (numbered  1 and 2) trees 
grown in Wes te rn  Aus t ra l ia  were util ized for this study, s Al l  
trees were p lanted  and grown under  an annual  average 
t empera tu re  of 15°-16°C and annual  average rainfall  of 
1000 mm. The  es t imated whole- t ree  height and the d iameter  
at breas t  height after debarking,  for each tree, were as 
follows: no. 1: 19.9m, 24.4cm, no. 2: 30.0m, 23.8cm. De-  
ba rked  disks of 6cm thickness were obtained;  they were cut 
0.3m above the ground with a 1-m interval  up to the height 
with a 8 cm diameter .  Two 2 cm bars were sawn out  from the 
center  of the disks (Fig. 1). The bars  were then divided into 
2cm each from the pith, and 2 × 2 × 6cm blocks were 
p repa red  to include at least 2 years  growth, as false rings 
ins tead of annual  rings were observed with r andom inter-  
vals. Two blocks at the same distance from the pith were 
combined  and uti l ized for the wood proper ty  analysis. The 
t rend of within-tree variat ions at 0.3 m height  was different  
from those at o ther  heights, 7-~1 so the da ta  from specimens 
obta ined  at 0.3 m height were omit ted  in the analysis of the 
relat ions be tween various extracted basic densities and 
wood propert ies .  Blocks possibly containing incomplete ly  
lignified parts  adjacent  to cambium or ro t ted  parts  or two 
piths were also omit ted  from this study. As a result,  50 
blocks from individual  no. i and 70 f rom no. 2 were utilized. 

Various  basic densities 

Basic density was de te rmined  by the water  immersion 
method  12 combined  with freeze-fracture and freeze-drying; 
it was expressed as dry weight /green volume (kg/m3). 8 
Extract ives-free basic densi ty (EF-BD) ,  alkali-extractives- 
free basic density (AF-BD) ,  total-extract ives-free basic 
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m . . 

Fig. 1. Sampling method 

density (TF-BD),  and ext raneous-compounds-f ree  basic 
density (ECF-BD)  were defined, respectively,  as basic den- 
sity × [100 - extractives content  (%)]/100; basic densi ty × 
[100 - alkali-extractives content  (%)]/100; basic density × 
[100 - total-extract ives content  (%)]/100; and basic densi ty 
× [original wood basis holocellulose (%)  + original wood 
basis lignin (%)]/100. 

De te rmina t ion  of wood chemical  components  

Table 1. Various basic densities and wood chemical components 

Wood properties Nos. 1 + 2 No. 1 No. 2 
(n = 128) (n = 5O) (n = 78) 

BD (kg/m 3) 609 _+ 76 599 _+ 70 615 _+ 79 
EF-BD (kg/m 3) 579 _+ 74 563 +_ 67 589 _+ 77 
AF-BD (kg/m 3) 525 _+ 83 523 _+ 101 527 _+ 70 
TF-BD (kg/m 3) 495 _+ 80 487 +_ 98 500 -+ 66 
ECF-BD (kg/m 3) 614 _+ 77 604 _+ 70 621 _+ 82 
Holocellulose (%) 84.0 _+ 3.4 82.6 + 2.2 84.9 _+ 3.7 
a-Cellulose (%) 47.8 _+ 3.7 46.8 _+ 3.6 48.4 _+ 3.7 
Hemicellulose (%) 36.2 _+ 2.8 35.7 _+ 3.1 36.5 _+ 2.5 
Lignin (%) 16.9 _+ 1.6 18.3 _+ 0.9 16.0 _+ 1.3 
Extractives (%) 5.0 _+ 2.0 6.0 -+ 1.1 4.3 _+ 2.2 
Alkali extractives (%) 13.7 _+ 8.6 12.8 +- 13.5 14.3 _+ 2.3 
Total-extractives (%) 18.7 -- 8.6 18.8 -+ 13.4 18.7 _+ 2.5 
Lignin S/G ratio 3.54 _+ 0.38 3.24 + 0.26 3.74 _+ 0.33 
Glucose (mol%) 9.3 _+ 2.4 10.5 _+ 2.3 8.6 -+ 2.1 
Xylose (mol%) 71.5 _+ 9.5 61.6 _+ 7.2 77.8 + 3.6 
Galactose (mol%) 10.8 +- 8.1 18.3 _+ 8.3 6.0 _+ 2.2 
Rhamnose (mol%) 1.0 _+ 0.1 0.9 -+ 0.1 1.0 -- 0.1 
Arabinose (tool%) 3.0 _+ 0.7 3.3 _+ 0.7 2.8 _+ 0.6 
Mannose (mol%) 4.4 _+ 1.5 5.4 _+ 1.7 3.8 _+ 1.0 

Results are the average _+ SD. 
Contents of wood chemical components are expressed as original wood 
basis. 
No. 1, No. 2, the individual; EF, AF, TF, ECF, mean extractives-free, 
alkali-extractives-free, total-extractives-free, and extraneous-com- 
pounds-free, respectively; Lignin S/G ratio, lignin syringyl/guaiacyl 
molar ratio. 
Each sugar mol% is for the hemicellulose fraction. 

The contents of holocellulose,  c~-cellulose, hemicellulose,  
lignin, and extractives (extraneous compounds  soluble by 
Soxhlet appara tus  with a sequence of toluene/ethanol ,  etha-  
nol, and water) ,  alkali extractives (extraneous compounds  
soluble by 0.1N N a O H ,  100°C, l h), and total  extractives 
(extractives + alkali  extractives) were de te rmined  using the 
small-scale method13; they were expressed as original wood 
basis. 14 The lignin syringyl/guaiacyl (S/G) rat io was deter-  
mined by a modified thioacidolysis me thod  1° and expressed 
as the molar  ratio, z4 The molar  composi t ion of neutral  sug- 
ars constituting hemicellulose (i.e., glucose, xylose, galac- 
tose, rhamnose,  arabinose,  and mannose)  was de te rmined  
by hydrolysis of holocellulose with tr if luoroacetic acid using 
high-performance liquid chromatography.  ~1'14 

Corre la t ion coefficients be tween wood proper t ies  were 
calculated by statistical computer  software, SPSS (SPSS, 
Chicago, IL, USA) .  

Results and discussion 

Wood  proper t ies  are summarized in Table  1, and the corre- 
lations of various extracted basic densities and wood chemi- 
cal components  sought by their  within-tree variat ions are 
summarized in Table  2. Within- t ree  var ia t ion of each wood 
proper ty  was observed as in Table  1, and the correlat ion 
coefficients were obta ined f rom the combined  data  of two 
individuals because the relat ion of wood proper t ies  did not  
depend  on be tween- t ree  variat ion but  depended  on only the 
values of the wood propert ies.  14 

Basic densi ty did not  re la te  to holocellulose,  al though it 
significantly re la ted  to a-cel lulose (positive, +),  hemicellu- 
lose (negative,  - ) ,  and lignin ( - ) .  When  the fiber wall 
becomes thick, holocel lulose or cellulose content  increases 
and lignin content  decreases.  15 Basic density in this study 
reflects the fiber morphology  from these results on cellulose 
and lignin. On the other  hand, the correlat ion be tween 
holocellulose and c~-cellulose was high (+) ,  al though basic 
densi ty has no correla t ion to holocellulose.  Two hypothesis  
are p roposed  from these results, as follows: One  is that  the 
relat ion be tween holocellulose,  which is the sum of cellu- 
lose and hemicellulose,  and the basic density was compen-  
sated be tween  cellulose and hemicellulose,  as basic densi ty 
corre la ted  to a-cel lulose posit ively and to hemicellulose 
negatively. The other  is that  the basic densi ty var ia t ion was 
part ly genera ted  by extractives and the compensa t ion  
be tween holocel lulose and extractives masked  the re la t ion 
be tween basic densi ty and holocel lulose since holocel lulose 
corre la ted  to extractives negatively. To figure this out, rela- 
tions be tween extracted basic densities and wood chemical  
components  were examined.  Four  kinds of extracted basic 
densities were examined:  EF-BD,  A F - B D ,  TF-BD,  and 
ECF-BD.  Alka l i  extract ion was nominated ,  as all extrane- 
ous compounds  cannot  be removed  from E. globulus by 
solvent extraction. 7 Fur the rmore ,  E C F - B D  was considered 
to be the theoret ical ly complete  removal  of extraneous  
compounds.  

Correla t ions  be tween E F - B D  or E C F - B D  and 
holocel lulose were significantly posit ive at at least the 5% 
level, and E F - B D  and E C F - B D  corre la ted  to c~-cellulose 



Table 2. Correlation coefficients between various basic densities and wood chemical components 

Holo- c~- Hemi- Lignin Extractives Alkali Total  Lignin Glucose Xylose  Galactose 
cellulose Cellulose cellulose (%) (%) extractives extractives S/G (mol%) (inol%) (tool%) 
(%) (%) (%) (%) (%) ratio 
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Rhamnose  Arabinose Mannose 
(moI%) (tool%) (tool%) 

BD (kg/m 3) 
EF-BD 

(kg/m 3) 
AF-BD 

(kg/m ~) 
TF-BD 

(kg/m 3) 
ECF-BD 

(kg/m 3) 

Holocel lulose  - 
(%) 

a-Cellulose 
(%) 

Hemicel lulose 
(%) 

Ligifin (%) 
Extracfives 

(%) 
Alkali  

extractives 
(%) 

Total 
extractives 
(%) 

Lignin S/G 
Glucose 

(mol%) 
Xylose  

(tool%) 
Galactose 

(mol%) 
Rhamnose  

(mol%) 
Arabinose 

(mol%) 
Mannose 

(mol%) 

0.058 0.285*** -0.314"** -0.193"* 
0.198"* 0.356*** -0.238*** 

0.037 0.308*** -0,371"** 

0.165" 0.376*** -0.306*** 

0.259*** 0.407*** -0.231"** 

0.704*** 0.277*** 

0.487*** 

0.070 -0.015 
0.271"** -0.243*** 0.010 

0.099 0.036 -0.606*** 

-0.167" 0.119 -0.603*** 

-0.213"* 0.233*** -0.021 

-0.546*** -0.805*** 0.004 

-0.510"** -0.439*** 0.138 

0.018 -0.396*** 0.191 

- 0.465*** -0.080 
0.142 

-0.032 0.141 0.096 -0.102 
0.048 0.211"* 0.111 -0.055 

-0.601"** 0.084 0.095 -0.089 

-0.635*** 0.147" 0.110 -0.048 

-0,077 0.184"* 0.142 -0.102 

-0.185"* 0A39"** 0.149" 0.279*** 

-0.242*** 0.196"* 0.261"** 0.091 

0.099 0.274*** -0.170" 0.220** 

0.028 -0.572*** 0,075 0.616"** 
0.092 -0.426*** -0.091 -0.256*** 

0.972*** 0.034 -0.026 -0.002 

-0.065 -0.049 -0.060 

- -0.247*** 0.618"** 
-0.538*** 

0.180"* -0.140 -0.142 0.399*** 
0.125 0.119 -0.179"* -0.407*** 

0.140 0.089 0.096 -0.283*** 

0.090 -0.070 0.129 -0.289*** 

0.165" 0.136 0.168" -0.377*** 

-0.342*** 0.192'* -0.213"* 0.063 

-0.153" 0.102 0.203** -0.075 

0.214"* 0.098 0.013 0.024 

0.639*** -0.417"** 0.228*** 0.253*** 
0.283*** 0.086 0.244*** 0.127 

0.023 0.051 -0.032 -0.057 

0.088 - 0.069 0.024 0.028 

0.560*** 0.419"** -0.290*** 0.398*** 
0.255*** 0.338*** 0.373*** 0.308*** 

0.931"** 0.754*** -0.304*** 0.368*** 

- 0.746*** 0.070 0.115 

0.237*** -0.174"* 

0.509*** 

See footnotes  to Table 1. 
*** Significant at 1% level; ** significant at 5% level; * significant at 10% level. 

(+) ,  hemicellulose ( - ) ,  and lignin ( - )  in the same way as 
basic density does. However, AF-BD had no correlation to 
holocellulose, and alkali extractives in E. globulus would 
not play an important role to mask the relation between 
basic density and holocellulose as that in E. carnaldulensis 
would do. 6 From these results, only the extractives appear 
to mask the relation between basic density and 
holocellulose. In other words, extractives among extrane- 
ous compounds certainly affect the within-tree variation of 
basic density, but at much smaller magnitude in E. globulus 
than in E. camaldulensis. 

Holocellulose is sometimes a more important wood 
property than cellulose for wood utilization and conver- 
sion. 16 In this case, from the character of each extracted 
basic density, ECF-BD is the best wood property to predict 
the property of end-use materials, but it has the disadvan- 
tage of requiring further efforts to determine. EF-BD may 
satisfy the same requirements with minimal experimental 
efforts. 

Hardwoods cells with a large diameter and thick wall 
have a high lignin S/G ratio, as noted by a spectroscopic 
study. 17 In our study, the lignin S/G ratio significantly corre- 
lated to a-cellulose (+) ,  hemicellulose (+) ,  and lignin ( - ) .  
As reported before, the cellulose content increases and 
lignin content decreases when the fiber wall thickens. 15 Con- 
sequently, the lignin S/G ratio represents fiber morphology. 

However, the basic density correlated to the lignin S/G ratio 
at a medium level only. In contrast, EF-BD, TF-BD, and 
ECF-BD were highly correlated with the lignin S/G ratio, 
significant at the 5% level. From these results, extraneous 
compounds, especially extractives, are believed to mask the 
relation between basic density and the ligniu S/G ratio, both 
of which represent fiber morphology. 

Good relations were observed between various basic 
densities, but AF-BD, TF-BD, and the neutral sugar com- 
position constituting hemicellulose as the basic densities 
increased when galactose increased and arabinose and 
mannose decreased. These results are similar to previously 
determined relations for E. camaldulensis. 6 Accordingly, 
this may be caused by the difference in the cell wall layers 
between the high-density parts, which have thick cell walls, 
and the low-density parts, which have thin cell walls, as 
hemicellulose polysaccharide composition is known to 
differ in early and late woods, at least in softwoods18'19; or it 
may be due to the cell wall thickening, having a higher 
density, resembling that in tension wood except the gelati- 
nous layer as speculated for E. camaldulensis. 6 As a matter 
of fact, extracted basic densities in both E. camaldulensis 
and E. globulus varied with an increase in galactose and a 
decrease in arabinose and mannose; these relations, 
perhaps caused by the difference in the constituent ratio of 
cell wall layers, may be consistent in Eucalyptus, although 



168 

m o r e  inves t iga t ion  of  the  re la t ion  is r e q u i r e d  f rom an ana- 

tomica l  aspect.  

Conclusions 

E v e n  a small  a m o u n t  of  ext rac t ives  a m o n g  var ious  ex t rane-  
ous c o m p o u n d s  can mask  the  re la t ion  b e t w e e n  basic dens i ty  

and the  ho loce l lu lose  or  l ignin S /G  rat io;  it was p r o v e n  

cer ta in ly  to affect  basic density.  
E x t r a c t e d  basic densi t ies  in bo th  E. camaldulensis and E. 

globulus var ied  with  an increase  in ga lac tose  and a dec rease  

in a rab inose  and mannose .  These  re la t ions ,  pe rhaps  caused  

by the  d i f fe rence  in the  cons t i tuen t  ra t io  of  the  cell  wall  

layers,  m a y  be  consis tent  in Eucalyptus. 
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